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Tables of Room Temperature Electrical Properties for Selected
Rocks and Minerals and Dielectric Permittivity Statistics
by Gary R. Olhoeft

Over fhe last 9 years, the data of this report has been
accumulated by the author. Figures 1 through 3 summarize in
histograms the statistics of the dielectric permittivity. Table 1
lists the DC electrical conductivity and relative dielectric
permittivity with the recommended specific gravity (grain density)
of 347 minerals. Table 2 1lists the measured dry bulk density,

DC electrical conductivity, relative dielectric permittivity and
dielectric loss tangent for 372 rocks and minerals.

Figures 1 through 3 illustrate histograms of the density-reduced
relative dielectric permittivity according to the formula

- 1/D
k. =k

where kr is the density-reduced relative dielectric permittivity from a

relative dielectric permittivity, k, measured at a density of D gm/cm3.

In all three figures, the top box identifies the sample types, the width

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

k. units), the total number of measurements ("No.="), the skewness,

mean, standard deviation, mode, and median of the distribution (with

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

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

vertical axis is percent of samples in a given bin relative to the

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

relative dielectric permittivity. The inset plot in. the upper right

corner illustrates the percentage of samples (vertical axis) falling

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

in Figure 1, 90 percent of all lunar samples have a density-reduced

relative dielectric permittivity falling between 1.92-0.27 and 1.92+0.27.
Figure 1 represents the statistics of data from lunar sample

measurements as published in Olhoeft and Strangway (1975) and Sill and

Ward (1977). Figure 2 represents the statistics of the data from Table 1.

Figure 3 represents the statistics of the data from Table 2.



It is remarkable that the diverse materials represented in

. Figures 1 through 3 all have a relative dielectric permittivity that

is given roughly by '
k =2

where k is the relative dielectric permittivity at a dry bulk density
of D gm/cm3. The notable exceptions are those materials with large
amounts of chemically bound or adsorbed water. Water has a density-
reduced relative dielectric permittivity of 78 as a liquid and 3.4

as a solid from frequencies of 10° Hz to 10° Hz.

Most materials fall near a density-reduced relative dielectric
permittivity 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 dielectric permittivity
through the molecular orienation polarization mechanism in addition to
electronic polarization. Thus, wet materials and highly hydrated
materia]s—(such as montmorillonite clay) strongly reflect this
molecular polarization in their dielectric permittivities.

A few other minerals that are highly conducting metallic or
semiconducting materials also deviate from the above expression due
to the free-electron nature of their structures. Also, ferroelectric
materials are exceptions due to the dominance of their spontaneous
structurally-related electrical polarizations.
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Table 1 lists the recommended values of zero porosity

~ density in gm/cm3 (specific gravity), DC electrical conductivity

in mho/m, and relative dielectric permittivity at or below 1 MHz.
Minerals are arrénged-a1phabetica]1y 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
iveme/Lescripticn

Acanthite/Arcentite Ag2S.
Albite nNaAlSi3ub [14.8]

Allanite (Ca,Ce)z(fe2+,Fe3+)ALk2{[0/Cil/51i0C4/S1C7])

1293.6f

. Almanaire Fre3Alz2Si3ul2.

Altaite Flbie SEMICUCHDUCTOR

Aluniinum Al [REF) o

Aluminum antimcnice A1lSb SEMICUNDUCTUR
Aluminum cxide-gammra A1203 InSULATOFE
Amkblygonite (Li,nNa)AlrU4(r,UR) ([248.6]
Ammonium sulfate (ih4)25U4 . :

Analcime NaAlSi2C6.H20:

Andalusite 4125iUS [165.6]
Ancgracite Ca3re251i3012

Anglesite FLSU4 (437.6)

Anhydrite Casc4

Annatergite wil(AsC4)2.8H20 [435.6]
‘Ancrthite CaAl251i2C8
Anthcphyllite (hg,Fe)?SiBOZZ(OH)Z
Antimony St (KEF]

Apatite CaS(FU4)3F [253.61
Aragonite CaCC3 [260.6])

Arcanite K2S504

Arsenic As [REF}

Arsenic kremide Asisr3
Arsenogpyrite reAss SE¥ICONEULCTOR
Augite (€a,lig,Fe2+,re3+,A)) (5i,A1)03
Axinite Ca2(dn,Fe)ALk2ES14Cl5ChH
Azurite Cu3d(C03)2(¢UH)2 [249.6]
Baddeleyite 4rG2

barite Basud (75.6)

- barium chloride baCl2

Bar fum oxide BaQ

Barium stannate Hasno3

Barium sulfide BaS

Barium  -titanate EaTiv3d

Barium zirccnate B£azir03
Beidellite

(va,K,Mg,Ca)0.33A12(S1,A1)4C10(CH)2.nH20

Berlinite AlPG4

"Beryl Ee3Al2S5i6Cl8 ([180.6]
-Beryllium Ee [REF]

Beryllium oxice-keta EeO

Biotite KZ(Ng,Fe)4-6(SL.A1)8020(OH)4
Bismite £1203

Bismuth Ei [REF) SEMIMETAL.

Bismuth titanate Bi47Ti3Cl2
Bismuthinite Bi2S3 SEMICONDUCTOR
Bornite CuSFeS4 SEMICUNLUCIOR

Dcnsity
gm/cc
" 7248
2.620

3.800
4. 3‘.].l 8
8.246
2.698
4.340
3 0.9 00
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
‘24662
3.540
6.162
3‘. 300
3.767
5.826
4.480
3.850
5 0,9 9’2

4,250
6.017
5.520

24600 _
2.618"
2.641

1.847
3 e 0 10‘
2.900
94370
9.807

6.808
5.091

8-
LC ccnd.:

sho/m
+1.0L+02
+1.0L+04
+3,-o 7L+07
+3.1E-12

B oo
+339E-12

+7.6E~-11

+1.2E-10

+5.6E-09

+2.5E+06

+l.2E~12

+3.4E+06
+1.0E403

+le.1E-12

+9.8E-08

+2.,8E~13
+2.5E+0:7

+1.0E+03

Ljclectric
k™ @ 1 ~che

6.55

1L3.5uU
4,30
450.uU

24.00
10.10
8.5V

30 370:
5.60.
v 6690 ¢
8.20
14.30
6xo 50
6,60
6...90
8. 00

l]f. 70!
8.07
6.40

3:0 30'
7..20
9..30
8.90
21. 00
12.40
10.03
lilo 40:
34.00
18«0 00’
19.23
3600..C0:
43,00

1 7.‘...4%0“
6.05
6.75

’ 7,\..421
6. 30)

135.66
18.20
8.13

~



. Eoron’E [KEF)

Bromargyrite Agir SEMICONDUCTOR
Bremellite te0

brucite lig(Ch)2 [247.6]

Buncenite ni0 SEMICGWLUCTCR
Caamium Cd [REF)

Cadmiur kromide CcéBr2

Caémium telluride CdTe SEMICUONDUCTOR
Cacdmceelite CdSe SENICUNLDCLUP
Calcite CaCC3 [194.6]

Calcium Ca [REF}

Calcium nitrate Ca(hG3)2

Calcium cxice CaC (Lime) INSULATOR
Calcmel dgCl.

Cancrinite (maZCa)4[C03/(H20)0-3/(Alb104)6]

[432.6)
Cassiterite $n02 SEMICONLDUCTCR
Celestine SrSC4 [251.6] ’
Celsian B5aAl2Si20C86 [200. 6]
Cerianite Ce02
Cerium Ce |RLF]
Cerrusite PECG3
Cesium Cs [REF]
Cesium chloride CsCl INSULATOR
Cesium iodicde Csl InNSULATOGR
Chalcanthite Cu304.5H20
Chalcccite CuzS SEMICCHLDUCTCR
Chalccpyrite CureS2 SEMICGHLUCTOR
Chlorargyrite aAgCl ELECTI.CLYTE
Chlcrite ig3(514010) (CH)12. hg3(0h)6
Chromite reCr2G4 [27KCC]

- Chromium Cr [REF] METAL

Chryscteryl bBerl204 ([434.6]
Chrysccolla CuSiG3.2H20

Cinnabar hg$S

Clausthalite FtSe SEMICONDUCTOR
Cobalt Co ([KEF]

Cobaltite CcAsS

Cobaltcus cxide CoO

Colerenite Ca2B60l1.5H2VU (332.6]
Columkite (Fe,tin) (Ck,Ta) 206
Coprper Cu [RE¥} METAL

Copper dichloride CuClz
Cordierite (ig,Fe2+)2Al45Si5C18 ({346. 6]

Coruncéum Al1203 INSULATOUR
.Cotunnite FEC12

Covellite CuS METAL

"Cristobalite $5i02

Cryolite Na3Alre [263.6]
Cummingtonite (Fg,Fe)7(CH/S14011]2
Cupric sulfate monohydrate CuSO4.H20
Cuprite Cu20 SEMICUONDUCTOR

Danburite CaB25i208 [161.6]

2.465
6.477
3.010
2.36¢€
6.809
8.643
5.1%2
6.2006
5.810
2.931
1.530
2.483
3.345
7.166

2.450
6.593
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
20508
3.987
5.906

'4.682

2300
2,965
3.211

6.105
3.000

. -9-
+5.5E~-05

+1.5C+07

+3.0LE+07

+2.4E-10
+1.0E+00
+7.1E-12
+1.6E-10

+1.3E+06

+5.0E+06

+1.0E+03
+1.0E+03
+lo 55‘07
+6.2E~-10
+2.0E-08
+7.8E+06
+2.1E-12

+2,.0E-10

+1.6E+407
+1,0E+03

+3.2E-11

+5.9E+07

+1.1E-09

+1.4E+06
+1.0E-13
+6.1E~-13

+3.0E-01
+4.1E~11

12,20
7.35
8.60

11.90

8.60
10.560
9.7V
Ge35

6.54
11.6C
14.G0

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

—————



patclite CabsSiCa0ll (442.0) 2,900
piarona C SEMICGHDULCTOR 3.515
piaspore AlU(Cl) [4lb.6] 3.378
Dickite A1251i205(Cli)4 |225.6] 2.620
bigenite Cuys5 5,603
bicpeice igCa5i20b [317.6]) 3.2717
Lioptase Cu5i02(Lh)2 3.300
Dolcm1te Calig(CC3) 2 (102.6) 2.860
vumortierite (Al,Fe)7bS5i30Cl8 [190.6] 3.350
vysprcsium Oy (KREE] 8.548
Epargite Cu3AsS4 [265.6] SLMICONLUCTOUK 4,463
Epidote Ca2(Al,Fe) 351301204 (3285.6] 3.587
Epscmite MgS504.7H20 1.680
Erbium Er [REF] 9.006
Eskolaite Cr203 5225
Europium Eu (REF] 5.245
Fayealite Fe25i04 4.393
Ferberite Fewl4 - 76521
Ferrous oxice Fe0 (stoichicmetric) 5700
Flcurite CaF2 IuSULLATOUE 3.179
Fersterite hagz35iG4 3.213
Frarklinite 5350
Gadoliniur Gé ([RCr) 7.9006
Gahnite 2nalzo4 4,608
Galena rkS SEMICOLLUCTICR 7.59¢&
Gallium Ga [REF] v ) 5.913
. Gallium entincnide CaSt SEICOALDUCTOR
Galliurn crsenide GeAs SEMICCNUUCTOR
Gehlenite Ca2A125107 [444.6] 3.050
Gelkielite nGTiG3 3.895
Germanium Ge [REF)] SEMICONDUCTOR 5.326
Gersdcrffite 1NiAsS 5.964
Gibksite Al1(Ch)3 2.441

Glauconite
Kl.5(Fe3+,kg,Al,Fe2+)4-6 (Si,A1)B020(0H)4 [313 2.300

Glaucophane ha2Mg3A12[818042](0h)2 3.200
Geethite bkeO(CH) 4.268
Gold Au [REF] METAL 19,282
Goslarite Zns04.7H2C 1,972
Graphite C [REF] Carbcn SEMIMETAL 2.267
Greenockite CdS SEuICONCUCTOER 4,826
Grossular Ca3Al12S5i3012 3.595
Gypsum CaSC4.2h20 [26.5] Alaktaster 2.305
Hafnium HEf [REF) o 13.242
;Halite nNaCl ELECTRGLYTE [433.6) < - de 163,
‘Halloysite A125i205(CH)4.2H20 [228.6 @ l. 12 2.550
Hedenbergite CareSi2C6 [10.8] 3.632
hematite Fe203 SEMICONDUCTOR 5.275
Hercynite FeAl204 [277.6] 4,265
Hessite Ag2Te SEMICCKDUCTOR 8.405
Bolmium Ko [REF]) 8.801

Hornblende
(Ca,naK)2-3 (dg,Fe2+,Fe3+,A1)5(Si,A1)8C22(ChK)2 3.080

-10-

+7.9E~11
+4.6L-0Y
+1.3E-0GY
+1.0L+02

+2.3E-14
+1.6C+06
+1.0C+01
+1.3C-10

+9,3E+05

+1.1E+06

+1.3E-14

+7.,1E+G5
+1.0E+03
+5.7E+06

+4.2E-11

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

+3.5C"09

+9,.7E-12

+4.5E+07

.+7.0E+04

+9.5E~12

- 4+2.8E£+06

+2.9E~-07
+1.5E-08
+1.0E~-02
+1.3E-07
+1.0E+05
+1.1E+06

+2.1E-11

7.50
5.68
12,50
4.60

be60
7.60
7.46
7.00

200.GG
14,40
5.46

11.90

6.80
14,00
14.20

6.76

0.80

9.40

" 205400

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



Hydroxyaratite CaS(rkC4) 3Ch
Idccrase Call(liy,e2+,Fe3+)2A14S19034(0CH) 4 [445 6]

vVesuvianite

Il1lite (I130U,K)Al8(S5i,Al1)16040(CL)8

Ilrenite Fe1iO3

Ingium In

Inéium artimonide InSt SELICCWLUCTGR
Indiur arseride InAs SEMICOUWNLUCTGR
lcdargyrite Agl SEMICCHCUCTIOK

REF]

l1ridium Ir ([REF]
Iron fe [REF]

Jadeite NaAlSi2C6 [343.6]
Kaolinite Al12Si205(Ch)4 [223.6]

Karelianite v203

Kernite na264C7.452C [440.6]

Kyanite A125iC5 [187.6]

Labradorite nNazZCa3(AlSi3G8)8 [314.6]

Lead Pt [REF]) METAL

Lead nitrate Pb(n03)2

Lead titanate pETiC3

Lead zirccnate £c2rG3

‘Lepic¢olite K(Li,Al)3(Si,Al)4010(F, Ch)z [27 LY

Leucite KAl1Si2Cé

Limonite [41.5]) Amorphcis Ilron’
Litharge FtC rec¢ SEMICONDUCTOR

Lithiur Li [REF]

Lithiur chlcride LiCl ELECTRGCLYTE

Magnesite

Magnesium t:g [KREF] METAL
sulfate MgSGC4

Fe304 METAL

Cu2(CC3) (cn)2 [28KCC]

Megnesium
Magnetite
Malachite
Manganecse
Manganite

thOJ

Mn (REF]

MNC.OH [212.6]

- hangancsite MnoO

Mascagnite (Nh4) 2504
Mercpric chloricde tHgz2Cl2

Mercurous chloriae KgCl2

Microcline KA181308 {103.6}

killerite

ivis

Minium Pb3C4

Molykdenite McS2 SEMICCIDUCTOR
'Molybdenum Mo [REF) METAL
Monticellite CalMgSiG4 [339.6]

Montmorillonite
(Na,K,¥a0,Ca)0.33(A1,Mg)2514010(0H)2.nH20 [229 2.608

Mullite 3A1203.25i02 3-2
Musccvite KA135i3Cl0(CH)2 [24.5])
Mantcckite CuCl SEMICGMNDUCTOR
Natrolite Na2A125i3C10.2H20 [168.6]

INSULATOR

3.155

3.400
2.660
4.788
7.257

5.684

22.564

7.875
3.400
2.594
5.021
1.877
3.675
24710

11, 343

4.530
7.940
7.000
2.5%00
2.469
3.176

9.335

.533
2.060
3.010
1.737
2.660
5.200
4.031
7.470
3.964
5.366
1.769

6.470

5.600
2,560
5.374
8.926
4.999

10.221

3.200

3.167
2.831
4.139
2.245

=11-

+5.2E-11

+1.0E+02
+1.2E+07

+1.9E+07
+1.0E+07
+1.2E-10
+3o 1E"08

+1.9E-12

" +#1.3E-10

+4,8E+06

+2.6E-12
+3.5E-08

+1.2E+07

+2.3E+07

+1.0E+04
+7.4E+05

+109E-02

+5,7E-12
+3.0E+06

+1.GE+00
+1.9E+07

+4.8E-07
+1.0E-14
+1.0E-09

4.20

.61
16.C0

17.58
14.55
6.80

10.00
11.80
15.00
5.23
7.60
5.87

16.80
200.00
200.CO

6.30
6.80
12.40

25.90

10.60
8.10

8.20
6.33
917.00
18.00
9.80
9.40

3.20
5.48

17.80

- 8.50

207.00
6460
7.60
9.80
6.70



lvepheline Na3KA14S5i4Clé6

iviccolite nNias | '

Nickel Ni [REF] METAL

lickel carbcnate WNi(CO)4

Nicbiur Nt [REF)

Niter KNG3

Nitrokarite Ea(i03)2

Cléhamite CzS

Cpel Si02.nl20 [198.6] :
Orthoclase KA1lSi308 [13.5]
Fallacium PG [REF]

Pectclite Ca2iNaSi3CG8OH (208.61]
Periclase NGO INSULATCR

Percvekite CaTiC3 SENMICCGNCUCTCE
Petalite LiAl1Si4010 [269.6])
Phenacite Be25i04 R3

Phlcgopite KMg3A1Si3Cl0(CH)2 [23.5]
Phosphcrus P ([REF]

Phosphcrus trioxice PF2G3
Plattnerite FLC2 -

Fotassiur K [REF]

Potassiur aluminum sulfate KAl (SO4)2
Pctassium tromate KBrG3

Potassium bromide KBr INSULATOR
Potassium carkbonate K2CGC3
Potassium chlorate KCl03

Potassium flouride XF ELECTROLYTE
Potassium orthcphcsphate K3PC4
Powellite CalicO4 ’

Praseocymiur Pr [REF]

Prehnite Ca2A125i3010(Ch)2 {203.6]
Proustite Ag3AsS3 SEMICUNDUCTCR

Pt [REF] METAL

Pyrargyrite Ag3SbkS3 (302.6] SEMICONDUCTOR

Pyrite FeS2 SEMICONDUCTOR
Pyrolusite #n02 SEMICOMDUCTOR
Pyrophyllite A125i4010(CKE)2 [221.6]
Pyrrhctite Fe.877S METAL

.Quartz Si0O2 INSULATCR

Realgar AsS

Retgersite niS04.6H20

Rhenium Re [REF)

Rhodium Rh [REF]

Rhodochrcsite MnCU3

"Rhodcnite MnSi03 [320.6]

- Rilebeckite Na2Fe2+3Fe3+2Si8022(0H) 4
Rubidium Kb {REr]

Rubidium carbonate Rb2CO3

Rubidium chloride RLC1l

- Ruthenium Ru [REF) '
Rutile TiG2 {137.6] SEMICONDUCTGR
Salmiac NH4Cl Sal Amoniac

2.623
7.776
8.910
1.320
8.580
2.105
3.240
2.602
1.890
2.570

12.006
2.870
3.583
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-CY
+1.0E+07
+1.4E407

+8.0E+006

+3.9E-07
+6.9E-13
+9.3E+06
+2.3E-11
+1.6C-11

+1.7E-10

+1.,0E-09

+1.1E+06
+1.6E+07

+1.5E+06
+2.,5E-12
+1.GE-03
+9.6E+06

. +1.0E+03
+1.0E+00

+1.0E+05
+5.,0E~-15

+5.2E406
+2,2E+07

+105E-11
+2.6E‘10
+8.0E+06

+1.3E4+07
+4‘7E-10

4.37
5.0
6.70
13.01
5.€6C

S.CO
9.65
165.00
5.00
5.10

3.20
26.00

3.80
7.30
4.78
4.56
5.10
6..05
7.75
24.00

6.50
16.50
222.00

10000.G0
6.36

4.50
7.60
6.20

6.80
10.00

659 °

6.73
4.91

78.90
6.96



Saparium Sm [RCF]

Sanrartinite znkC4

scanciurm Sc [RL¥]

$copclite CaCC3.3CaAl251208.Cas04.CaClz2
Scheelite CaWwC4

Seleniur Se [kEF) SEMICONDULUCTCI
sellaite ngk2 INSULATCE

Serpentine Mg3(S1i2C5) (CE)4 [318.6]
Siderite reCu3 {271.6]) '
Siliccn Si [KEF]) SENICCLLUCTOR
Silicen carkice SiC SEMICGwOLUCTGOR
Sillimanite A125iC5 [166.6]
Silver Ag [RLCF] KETAL

Silver cxice Ag2C

Smaragdite Ca2(kig,Fe)5518C22(CH) 2 [490 6]

Actinolite
Soda-niter ianG3
ScdGalite z4Al3(SiC4)3C1
Scdium iia [REF]
Scdiur tkromate NaBroO3
scdiur carbcnate na2CC3
Scdium carkcnate nyérccer. HaHCC3
Scdiun perchlcrate keClc4
Spescsartine 1in3A12812012
Srhaelerite unS [213.G] SEulCOhDUCTOF
Spinel rFgAl2C4
Sgpcaunene LiAlSi2GCe [210 6]
Stanrous tetrechlcride SrCl4
Stiktnite Sk253 SENICCNLUCTOR
Stibncus tromide SkEr3

Stiknous chlcrice SEC13
Stilkite NaCa2Al551i13C36.14H20 [482 6]

Stilleite znSe SENICOWNLUCTIOR
Stclzite FLVC4

- Strontianite SrCC3 [272.6]

Strontiur

Strontium
Strontiurn
Strontiur
Strontiur
Sulfur S
Sulfuryl

.S8ylvite K
“Talc Kg3s
-Tantalite

Sr [KEF]
nitrate Sr(nG3)2
cxide SroO
cuvlfice SrS SEMICONDUCTCR
titenate Sr7Tio3
[REF])
chlcrice S02C12
Cl ELECTROLYTE
i4010(0H) 2
(Fe,lin) (Ta,Nb) 206

Tantalur Ta (REF]

Taentalumr pentcxide Ta205
Tellurium Te [REF] SEMICOURDUCTOR

Tenorite CuC SEMICCHLDUCTCR

Tephroite
Terbium T

Mn25iv4 [416.6]
E [REF}

7.528
7.£72
2.989
2.600
6.120
4.809
3.14¢
2.600
3.%44
2.330
3.217
3.247
10.501
7.140

3.400
2.261
2.2060

«565
3.339
2.532
2.159

i 24020

3.022

- 44088

3.583

3.1¢8

2.230
4.627

4.148

3.140
2.150
5.420
.8.411

593784

2.583
2.986
4.700
3.700
5.110
2.067
1.680
1.957
2,784
6.500
16.676
8.311
6.232
6.509
4.155
8.239
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+1.1E+06

+1.6E+06
+8.2E~-11

+8.3E+06
+3.2E-0¢
+1.2E-1C
+1.0E+07
+5.CE-01

+1.0E-11
+6.2E+07

+2.4C+07

+1.0L-G6

+4.6E-08

+2.2E-12
+4 ,4E+06

+1.0E-12
+1.0E-13

+8.0E+06€
+2.3£-04

16.10

$e23
11.70
11.00
.50
14.0¢
9.30
11.706
10. 2V
11.00

8.60

8.60
6.85
6.80

5.70
G.75
4.4C
7.60
7.50
6.80C
8.30
2.87
11.20

5.10

5.30
7.85
9.12
23.60
€.60

5633
13.30
11.31

332.00

3.75

9.05

4,84

S.80

10.00 -

45,00

5.00
18.10
10.00
33.00



Thallium T1 [REF]

Thallous chlcrice TI1Cl CSEMICCHLULCTOR
Thallous ritrate TI1hC3
Thenarcite ihe25ud [450.6]
Thorianite 1hG2

1horiunm Th [REEF]

Thuliur Ir [REF]

rTierennite HgSe SEMICONLULCTOR
Tin $n [KEt) SEMIKLETAL

Tin antircnide Snsk

Titanite C2TiS8iC5 Sphene
Titaniur 11 [REf) BMETAL

Topaz Al2(Sic4) (F2) [lB84.6]
Topaz Al2(5iC4) (On)

Tremclite Ca2rag5[5i8C22] (CL)2 [312.€]
Tungsten W [EREF)

Tungstern pentcxide 1205
Tungsten tricxice ¥WC3

Ulexite WaCaB505.8H2C [441.6]
Lraninite 042

Uranium U [KEF]

Valentinite S5k2C3

Vanadium V [EKEF]

vVilliaumite NaF

Water H20 (liguia) INSULATCR
wWillemite Zn25iGC4 [(1l82.6]
Witherite E2CC3 [273.6]
wollastonite CaSi03 [348.6]
Wulfenite FbtroO4

Wustite Fe.9470

¥tterbium Yb (EREF)

Ytterkium sescuioxide Yb203 '
Yttrium Y [EEF}]

Yttrium sesquioxide ¥2C3

Zinc zn [(REF] METAL

- 2inc telluride inle SEMICCNLUCTGR

Zincite Z2nG SEMICONDUCTOR
Z2ircon 72rsic4
Zirconiuvm Zr {REF]
zoisite Ca2Al13(SiC4)3(CH) [347.6)

« o~ -~ -

11.875
7.020

2.663
10.012
11.72¢

9.320

8.266

7.287

3.523
4.506
3.500
3.174
2.977
19.261

7.160
2.000
10.969
19.047
5.829
6.101
2.790
«997
4.251
4.308
2.909
6.817
5.722
6.969
9.170
5.912
5.010
7.136
6.340
5.676
4.669
6.508
3.328
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+5.6E+06

+2.1C-12

+7.7L+06
+1.3E+0606

+Y.1L+C6

+2.3E+06
+7.1E-14

+2.,6E-10
+1.8L+07
+2,2E+05
+5.0E-G4
+2.9E-12
+2.6E-03
+3.3E+06

+4.0E+06
+5.5E-06
+2.9E-08
+1.5E-11
+3.4E+06
+1.8E+06

+1.7E+07

+2,5E+06

+2.4E-11

31.90
16 .50
C.CU
15.¢0

25.€0

147,60
21.00

6.80
5.CGC
8.00

5.80
24.00

12.6C

6.90
78.30
7.70
' 7.20
8.6C
26.80
14.20

5.00
11.50
10.10
12.00 .
10.00

10.40
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Table 2 1ists -the measurements of a series of rocks and
minerals. The columns in the table are the rock or mineral
description and any identifying information (sample: number, location,
etc.}, the dry bulk density (+0.01 gm/ci’), the DC electrical
conductivity in mho/m (+10 percent), and the relative dielectric
permittivity (1 percent) and loss tangent at frequencies of 1 kHz,

10 kHz, 100 kHz, and 1MHz. All measurements were performed using
a three-terminal sample holder at room temperature in 8 percent
relative humidity.

Samples without bracketed numbers are from the U.S.G.S. Petrophysics
Laboratory sample collection. Those with bracketed numbers beginning
with "R" are from Robertson and Peck (1974).  Those with other bracketed
numbers are from Hunt and Salisbury (1976) and references therein.

Blank entries in the table indicate sample measurements that were
outside the range of the measurement instruments. DC electrical
conductivities were measured using a Guildline 9520 automatic digital .
teraohmmeter and dielectric properties were measured with a Hewlett-Packard
8270A digitial capacitance meter*. _

Where necessary, values for Table 1 were generated from these
Table. 2 measurements by reducing the dielectric permittivity to zero
.porosity through

k] kS/D
where k] is the value in Tab]e 1 at the zero porosity density of S gm/cm
and kz is the value in Table 2 at the measured dry bulk density of D gm/cm s
DC electrical conductivities were reported as the same values in both
tables as there is no known density correction.

#Trade and manufacturer's names are used for descriptive purposes only
‘and do not imply recommendation or endorsement by the U.5. Geological
Survey



Lere/pescription

‘Afwillite [211.6) Riverside, Califoinia
Altite Gneiss [3¥0.€] Colorado

Albite [14.6] uehctcit, ontar io

Albite [324.6] sc. Lfkotsd

Allanite [24%3.6) Ontaric

Antlygonite [24E8.6] hcystone, So.Dakcta

" ancelusite 11U5.6) Acstralia
ancerite icrnblerce [L30.6] Mt.Ehasts; Cnliio:nl!

AnGegite Boxnllende {236.6) Ccloredo
anesite rlecicelsee [121.61 San Juek,
Pnoccite perpliyry [49.5] Loulder, Cclcradc
Ances:te l23%.6]) Terne
arglegite (437, &) utak
anbycrite 1334.61 celrat, LY
Arretecryite [43v.6] Licvade
arcrtiicelace |3ZY.6) Licrwey
Arthopbyllite |260.0) ivo. Cerulina
&ratitc 1256.,0) tuekte

relite [o33.6] aCLMEY
Ft;rcnito 126C.61 Lrc'land
Arceroryrite [262.6] Gclo Hill, utsh
Meteetes Anphilcle [252.6) cozeman, Montana
Augite [12.4)
Arinite [J42.6] Mexico
tzurite [249.6} iistee, Arizcna
Lurlte i79.6] Custer, Celorado

beceglt dernklence [7.5) Cheffee, Colocrade
Lerzit abingvellir, lcelana
Lacalt auygaeleical [246G. 6] hiichigan
Legalt Llcoe 15845) UsSabobiy
Lacalt [le bAl Tiaweii.
waralt |106.6L) Lawaii
Laselt (166.6] Jioweii
baaalt l3.52] Chaifce, Colorade

Laeslt [645] Germery
detalt [K6UY] haweil
peeelt (Fotb] hawsil
bGarslt [LGGY) rawadl
bagzlt [ROUS] haweid
baealt [K6uY) Hewali
Lacalt [R610] howall
Laralt [R611] Lawzli
bagalt [F612] Haweii
kesalt [E613] hoaweil 3
vasalt [FG6ld] heweiil
bacalt [E615) Hewall
Ezz&lt [Fule] Hawaiil
bagalt [F617] haweil
Basalt |L61b6) hawail

" Colerace

gr/cc
2,832
2.677

2,601

2.547
3.517
2.970
2.757
2,184
2,599
2.606
2,733
2.85%

- 4,075

2,178
2,707
2.537
2,451

3.022

¥.124
2.067
J.620
2,758

3,171
3.127
2.121
4,364

2,635

2.816

3,134
2.843
2.355
2.36%
2,365
1@953

2.136

z’a. 2]0

2.164

2.029
2.0648
2,043
1,630
2.462

"Z2.617

2,807
2,617
2.882
2.105
L.975

Lensity Conductivity
LC tho/r .

7.6E=12
9,701
2.1E-09
1.16~10
1.26~10,
I 1E-12
3.9€-12
1.6L-09
5. BE~09
1. &F-10
2 =11
1.76<10

T.6L-11
1.20=11

1.2E=10
1.50-1}
5.6L=-09

Z2.7L=-12

1.20~12
Ll.UL-13
1,2E-03
7.06-10
2.16-11
1.1!:-121
1.8L-09
9.0C-08
9.95-09
Badb~11
2.4E-10
d.4L=-0%
6.CE-10
S.2L-10
7.%i-10
TeadbL=-09
‘S.BE-0%
1.7E-11
1.5L-11
1.3c-1%
l.20-11
6.4L-12
4.56- -1z
l.GE~11
10‘[- -09
2.7E-11
2.3c-11
l.4g-11
1,2E-11
1.2E-11
T.8L~12

nelative Dielectric Pernlttivlty & LOoss Tengent

1khz
10.% 0. 0422
17.2 0.3662
8.5 0.2559
80,0143
3 v.1331
2 0.0196
9 0.6774
6 0.1724
20,7206
16.4 G.2125

12.3 0.1789

12.1 ©8.2087
24,6 0,1044
8 0,0748
2 0,089l
4 0.0928
3 0.3517
y
q
5

0. 0406
0.0C69

4 0.4058
40,1654
7 0.0346
10,3444
5 0.6565
1 0.7061
16,4 0.0444

24.5 0.2026
29,0 0.3533

5 0.0633
90,0791
40,1117
3 0.5480
37.6 0.6048

‘10,1 0.0494
10.7 0.0277

10.3 0.0266

9.5 0D,0149
1

8.1 0.0253
7.7 0.0236
6.3 6.0255
12.9 0.2762

130; 000391
10.7 0.07%3
1l1.4 0.0514 .

10.9 0,.0336
7.0 0,0880
9.2 0.0370

10kiz
10,2 0.0430
11.3 0.266G4
7.4 0.0756
5.7 0,0072

13.5 0.0717

B840 G,0172
6.1 0.0711
5.0 0.0475

18,5 D.4145.

12,6 D,1E83
lo,0 0.1255
S8 0.1230

- - -
it .
[ =]
-
Y

+1b43

0185

100kuz

9, 6 0.040%
0.1604
0.0324
0.0102
0.6511

-
om&awpmqnmqp

[ N I L L T T T T S TR TR T

0. 0401
0.0152

—

0.1415
0.101%
0.0726
0, 0307
0.0168
0.0247
0,04%0
0.11€0

{1 ]

b
B2 £R R On

0,0256
6.00723

p:3~Jr—u!&mw£ertﬁhW0\u!m:ncha\oih

0.0664
0.C0853

0.0222

0,.3365

0.2843
6 0.0209
 6.1161

0.1133
.7 0.0183
+2 06,0185
.5 0.0229
.1 0.2762
.2 0.202p
.2 0.0327
.1 0.023e
.8 0.0210
.3.0,0233
.6 0,010
.4 0,0127
o0 U.0134
.3 0,0624
«3 0,0254
«2 0.0415
+3 0,0362
.2 0,0260
.0 0,0374
.6 0.0202

0.0G175

0.259%

C.00%¢8

6.4
5.0

842

8.7 0,

5.9 0.0618
4'. 6

5.6

4.7

7.7

1Kz
9.2 0.0310
©0.1093
0.0111
- 0.0071

0.0178
0.0183

ot
(LR RN N ]

.8 & & 4 9 b & 8 B oS 8 F B

L Dl o T TS e e GV LT e md b b OO D O

0.2030
€.1205
U.0792
0.0393
0.0159
0.0685
0.0129
0.0304
0.0802
0.0682

()
= ADLN T S  ED AD B

-

0.0064

¢.0329
0V.0346

0.2842
0.0261
0.1973
0.0213
0.0737
0.1004

)
W s O O =T

Y OO LT O D LN

[

U.0126
0.2136
0.1220
0.0441
0.04G7
0.0409
00,0404
0.0235
0.0194
0.0177
0.0522
0.0385
6.0374
0.0482
020389
00241
0.0315

e CO ] O )

4 4 4 8 & & 8 B 8 & 8 K " 4 8 oww

i
ANCD LUl OWN OO L We

T DD D e (1 sl WS 4D AD D

0.0229,

Z 37av]
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tagelt
vacsalt
Lasalt
vactalt
Basalt
Lasalt
Losalt
kactalt
basalt
Lcsalt
Lacalt
tacelt
Lecalt
Lasalt
rasalt
reegelt
Lesalt
Lesalt
catalt
Lasalt
veralt
Lusalt

vacalt

Lasalt

vasalt
racalt

Latalt
wacelt

baselt

vacalt

pacalt

Eeralt

Easalt

besalt

Lacalt

bazalt

Lacalt

katalt

Leeclt

Lecalt

cictite ureies [J08.6) Coclcrado

l|20.5) berncrcft, untarfo
Lismuthinite 1478.0) Scl.Africa

tcrnite [18KCC) Lutte, liocntana

Lreccia Ancdesitic [8d.6) Ouray, Cclorado
Ereccia cazgalt 195.6) Lene, Cregen
breccia vclcenic {61.6) Guify, Colcrado
Lrenzite Lrnctatite {Y.6) Jackscn, Ho.Carolina
1247.6] Lcai, Nevacde

chalk ([34u.6] Englard

[{194.6] tiexico SIUGLE CRYSTAL

bictite

prucite
Calcite
Calcite
Calcite

li6ls)
[1.620)
[Rozl)
(1622)
[R623)
1R624)
{5.625]
116261
[k620)
{L625)
(F630)
(1631}
[R632)

Lawaii
Hewe il
novwaii
Heweid
howaii
tiaweil
Howaid
haweaii
iewait
liowaii
haweil
uewe il
Hawaii

[1802-A] Hawaiil
{REU2-b) ucwelld
(LE0U2-C] lieuell
[R6G2-X-1]) Bcwaid
[RE02-x-2) Bavail
(K8G2-X-1] liawail
[F803-a-1) tawcii
(l\BU 3‘]\‘2' hewvail
[R8G3-A~3] liawail
[R6GI-1]) Loweid
(L604~2] Houail
[REUS-1) hawalil
[RE05=2) Bewoid
[L606~1) liawall
[RB07-A} Howecii
[KEUT-E] liawail
[RB0B~A) Heweid
{FBUE-E) liawail
[R815] Heweil
{r8le}l vewail
{1818) heweid
(F619] nawc il
[1.821=-A) liauveit
{£821l-1) Rawelil
IF822-A] Howaid
[K622~L] howait
[R623-b) Noweil
beryl {loU.6]) ¥voinec

{331.6} Carada

1.949
2.402
2.384
2.6113
2,450
2.633
2.919
2.686
1.414
1.649
2.012
2.595
2,527
1.612

767

.C14
1.932
1.77%
1.454
1.624
1.319
1.038
1,048

«928

«8137
" «876

«769

844

«8513

«802

637
2.925
2.87¢4
3.039
3.019
2.545
2.614
2.914
2.861)
2.255
2.644
2.660
3.030
6,494
3.269
2,507
2.450
2.245
3.214
2.390
1,427
2.8086
2,707

2.9E~13
1042-11
7+5E-12
2.4C-09
5.2e-11
1.5e-11
4,9£-10
2.2c-11
1.7e-11
1.3e-11
1.16-11
2.4n.-11
l.6E~11
2,9L-11
5.7[:"12
4.7e~12
4.0E-12
6.7C-12
2.2e-11
2.9L-11
1.3c-11
l.3cC-11
6.0LC-12
2.8E-12
7.6E~12
1.6L-11
4.0e-12
2,5E-12
5.0E~11
4,1E-12
4.6L-12
1.0L-09
1.5e~-11
J.0t~12
8.3L-08
2.76-11
3.3e~11
l.0:-11
Yy.3L-12
2.6L-11
2.8L-13
3.7E-12
10 2C-11
2.6E-08
6.2L-12
1.8cL-10
1.1E-07
2.5¢e-11
q.6E~12
3.6E~11
4.7E~11
10 15'14
4.9C-13
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0.0291
0,0334
0,0597
6.1487
0.0648
0.0471
0.2381
6G.0780
0.0582
0.0286
0.0328
0.0321
¢.0108
0,0395
0.0205
0.0258
0.0335
0.6274
0.0330
0.,0369
0.0301
0.0361
0.0208
0.0135
0.02¢4
0,0285
0.0135
0.0351
0.0430
0.0292
0.0341
0.2114
0.0420
0.0191
0.1196
0.0321
0.0403
0.0131
0.0131
0.0362
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~0s7248

0.0758
0.0308
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0.0180
0.0212
0.0354
0.0796
0.0345

0.0350 .

0.1164
0.0574
0.0387
0.0167
0.0181
0.0166
0.0161
0.0236
0.0148
0.0140
0.0192
0.0179
0.0179
0.0241
0.0187
0.0192
0.0171
0.0110
0.0163
0.0152
0.0145
0.0194
0.0213
0.0196
0,0198
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0.0503
0.0189
0.0677
0.0224
0.0243
0,0115
0.0116
0.02413
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0.0184
0.0226
0.0255
0.0564
0.0299
0.0342
0.0715
0.0607
0.0307
0.0195
0.0172
0.0185
0.0272
0.0215
0.0165
0.0149
0.0187
0.0191
0.0183
0.0223
0.0173
€.0186
0.0101
0,0112
0.,0148
0.0143
0.0134
0.0149
0.0166
0.0z01
0,020C4
0.0721
0.0642
0.0214
0.0708
0.0254
0.0324
0.0124
0.0134
0.0264
0.031€
0.0226
0.0057
0.3696
0.0806
0.0336
0.3548
0.0259
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0.0278
0.0357
0.0223
0.0534
0.01351
0.0381
0.059%
0.0783 .
0.0382
0.0296
0.0317
0.0408
0.0629
0.0285
0.0212
0.0227
0.0297
0.0310
0.0307
0.0325%
0.0222
0.0234
0.0206
0.0127
0.0244
0.0230
0.0121
0.0188
0.0221
0.0214
0.0224
0.0631
0.0773
0.0275
0.0738
0.0386

0.0467
0.0187
0.0204
0.0385
0.0316

0.0026
0.2068
0.0504
0.0179
0.2844

0.1486
0.01%1



Calcite [44,.6]) Cherckee, Kansas
Cencrinite [432.0) unteric

Cesgiterite [27v.,6]) ivigeria

Celestite (251.6) Lexico

Celsiar {200.0) aAustrelia

Chalcccite [149KCC]

Chlorite [17vy.6] Coloracdo

Chlorite (197.6]) Calaveras, Celifornia
Chrermite |27KCC) Ssc.kibwcceeis

Chrerite |261.6) sicrra Leone

Chryscteryl [434.6] Ec¢. Lahkota

Cinrclar [460.6) Srein

Cctaltite [264.C) Lllict Lake, Ontario
Cclerenite [332.6) Celitcrnia

Cclernanite [435.6] Cclitornie

Ccruierite [346.6) Ccloraéc

Ccruncum [253.0) Transveel

Cryclite [263.6) Creenland

Cunringtenite [294.6) Lead, So. Dakota
Lacite Forphyry trica [40.5) %.ard, Colcrado
Lecite porphyry (398.6) tiontana

Uécltc |56.5] UeBSeEolia

vanbturite [161.6] hew liork

Letclite [442.6] Ccrnnecticut

biakace [129.6] Jercey City, NJ

Liabose {131.6] St.reters, Pennsylvania
LiskLase 155.6) #t. Tem, iteeeachusetts
Liasbose [242,6) Cclecrado

viacpere [416.06) kcsekug, Misscuri
Lickite [225.6] ot.Gecrge, Utah

Liogsice [317.6]) rinland

Liocrite ncrnklence |152.6) Fremont, Cclorado
Liorite hcrnolenue (69,6) Solenm, hMassachusetts
Liorite gcrphyry {44.5) Jackscn, Wyoming
Licrite (24U.6) 1exas

Leclcrmite [102.6]) Lee, Massachusetts
vclemite [316.6) Colcrado

Lolomite (43.6) 1Thornwocd, itew York
buncrtierite [150.6) Fe:shing, lHevade
Lnergite .[265.6) Feru

Epiccte |320.6) Arizona

Felsite Pcrphyry [124.6) Salem, Massachusetts
relsite [96.6) liattaren, Massachucetts
Flcursgar [278.6] 1llincis

Gebkro cytewnite (36.6) Duluth, Minnesota
Gebkro licrntlende (132.6] Escex, New York

Gebbro Lornblende [160.6) Salem neck, Massachusett

Gakbre liypercthene [75.6] Cntario

Gettro Clivine [158.6) tiichiita Mtn., Uklahora
Gakkro [84.6]) Custer, Ccloradce

Garnet Alrnendine [114.6) warren, New York
Garnet Anuradite {111.6) oGranam, Arizcna
Garnet Greesular [113.6] 1raneveal

2.555
2.3%
5.953
3.789
2.896
7.013
2.819
2.617
5.001
J.450
2.969
3.470
5.821
2.347
2.311
2,717

. 3.890

2.879
.21
2.6601
2.416
2,206
2.592
2.840
3.149
3.039
3.015
3.051
2,319
2.4880
3.162
2.808
2.660
2.608
2.75%
2,892
2.545
2.0851
2.850
4.7%6
2,892
2.519

©2.574

3. 168
2.915
3.486
2.829
2.902
3.045
3.047
3.947
3.669
3.426

3.8c~11

2.4cC-10

7.1C-12
l.6L-10
1.6L-07
9.6L~-12
6.2E-10
2.0[’08
7.4L-08
2.1L-12
9.%E-08
3.8E+00
3.2e-11

.4.20-12

1.1£-09
809'4‘12
6.1E-11]
6.0L-11
8.4L-12
6.9c-11
1l.5c-10
4.10-11
7.9E-11
2.6E-08
4.4E-11
4.2[;"10
3.5c-09

"4.6E-09

1.3£-09°
1.7c-11
4,0E-11
5.1E~09
4.7CL-08

2.8£-08.

2&35"'14
7.0E~10
1.3c-13
9.2E-12

4. 6D'03'

1.3c-10
9.0E-12
3.2E-10
1.8E-14
1.3e-10
1.,9c-11
7.9C-10C
3.6e-11

1.9c-10.

7.2E-12
6.0E-12
2.6[4"10
8.7t-12

9.6
€3

9.4
9.5

37.8
22.3
64.7
52.1
12.5

117.4
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0.0601

0.04130.

0.0435
0.1369

0.3219
0.4552
0.7312
1l.2038
0.1440
0.3124

0.3673
0.0314
0.4774
0.0078
0.0145
0.119%
0.0987
0.2379
0.G909
0.0500
0.0433
0.5457
0.1558
0.1718
0.4037
0.5304
0.3162
0.0522

* 00 1834

0.4011
0.6074
0.6841

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
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0.0275
0.0157

0.0163
0.0646

0.4379
0.2678
0.6175
0.6978
0.1398
0.6€04

0.1637
0.0213
0.2355
0.0656
0.0263
0.0705
0.0758
0.1969
0.0344
0.0232
0.0135
0.2987
0.0833
0.1120
0.2446
0.2387
0.2006
0.0441
0.1160
0.2197
0.5619
0.6449
0.0049
0.0379
0.0136
0.0145

0.0167

0.0662

0.3004
0.0023
0.0931
0.0960
0.1662
0.G6E5
0.0718
0.0419
0.0625
0.1482
0.0089
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0.0117
0.0041
0.9583
0.0C82
0.0360

0.4235
0.2152
0.3495
0.3162
0.0786
0.6014

0.,0745
0.0176

0.1141 .

0.0032
0.0226
0.0384
0.0782
0.1446
0.0138
0.0151
0.0107
0.1722

0.0643-

0.0617
0.1719
0.0785
0.1388
0.0336
0.0759
0.1320
0.3461
0.3473
0.0109
0.6190
0.0246
0.0148

0.0147
0.0472
0.2399
0.0093
0.07%2
0.0464
0.1090
0.0381
0.0623
0.0410
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0.1154
0.0080

-]
O\ Mol o N--N-N--N.

[ d
VCOVOVSE CWVWHND

-

o
L ]

ot et ot st bt ot
[ ]
MU AW QWNONOUNRNGS NNBNHOWNANAEVNOWUN IO ON & U -

VWMDY I NOOCOJdLUUMEFOUDOHL O] DO G NW

N
N4

-

® @ % 4 0 & S 2 8 2 s S 0 0 s B 6 2 O 0B 9 6 O ® 6 8 e P e e 6 O 0 b

e i ol
DO O N WU 0O D

0.0672

1.1583
0.0055
0.0267

0.2011
0.2052
0.2z212
0.1606
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
0.1624

0.0144
0.0269

1.4252
0.0083
0.0370
0.2171
0.0118
0.0739
0.0289

0.0847

0.0880
0.0379
0.0096
0.0636
0.0036
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Garnet Spcseartine [112.6) hadcom, Connectlcut
Cehlerite [§44.6) ncw Fexico

Glauconite [313.0] Sc.Lekote

Glaucophene {426.6]) Celifcrnria

Grcies aicrite |464.6) Califcrnie

Gneice sillinmenite-cearrnct |466.6) Wwarren Co,, ny
CGranite Aplite [65.0} boulcer, Cocloradc
Crenite Liotite |7¢.0) Ehoue lelano
Granitec Porphyry [l62.6) Untario

- Cranite westerly

sranite hesterly A

¢tranite westerly &t

Granite vesterly C

Cranite V.ecsterly L

trcenite btictite (70.6] Plkes Peak, Cclorado
Granite [150.6] EKeckgert, Massachusetts .
Granite |244.0) CGecrgia -
Granite [245.6] Visconsin

trancciorite [235.6]) Colorado
Crarcoicrite {465.0] wan viegc, Celifornia
Grancecicrite (64.6) St.Clouva, Minnescta
GLreerockite [47¢.6) frennsylvania

Cypsun Aleboeter [26.5]) Homaie, Italy
Lalite [433.6) Kenctas

hallcyeite |226.6) Colorado

liauynite |4295.0) Cermeny

tecerbergite [10.6)

hercynite |£77.C] Czcchcslevaklia
unclncuictite [251.6] (uetec

bhorrklence |115.6] treveter, kew York
hernt lende [l0.€]) Cnterio

nernb-lence [177.6) uvcre tin., Wew York
tiypcresthere [205.6) Leegex, wew York
luccracse vesuvicrite [445.€) Lexice
lceccrese [446.0) koire

Ijclite [412.6) Ccloraco

videite Fyrcxenc [343.6) Celifcrnia
Jermescnite [<06.6) vcolivia

Kaclirite (218.6]) “ecen, Georgla
heolinitc-[220.6) keth, Sc.Carolina
Kaclinite [223.6} t.eca Alta, New hexico
Kernite [440.6] Celifcrniea

hyanite [lu7.6]) henye

Letredorite [105.6) Eczsex, Lew York
Labrecorite [17.8] Cnterio

Latradcrite [|314.¢) wyoming .
Lerprophyre [60.6] fremont, Ccloredo
Latite [174.6) Lutte, liontana

Latite [175.6) Table ktn., California
Lazurite [416.6] Chile

Lepicclite (lb7.6) So. Dakcta

Lepic¢olite [27.5]) Keytstcne, So.Dakota
Linturgite {237.6) Colcrado

4.032
3.032
2,425
3.017
2.913
3.133
2.573
2,591
2.676
2,650
2.650
2.b%0
2.650

2.650
2.616

2.606

" 2.662

2.577
2.626
2.672
2.695
2.870
2.299
2.083
1.120
2.004
3.202
3.855
2.503
2,992
3.133
3.135
2,781
3.465
3.248
2.944
3.312
4.771
1.474
1.524
2.315
1.877

- 34479

2.715
2.743
2.714
2.708
2.584
2.629
2.822
2.794
2.891
3.016

203L-11
4.2e-11

'3.55-09

$e7L~12
1.6C-10
1l.4L-10
2.3E-12
3.7€-11
3.6E-12
9.0L-12
3.o0c-11
1. SE-ll
8.6E-12
S.0E~12

“le20-11

2,3E-11
3. 3['.-11
4.4E~12
1.9L-12
1.6L-11
S.6r-12
6.6C-12

S5L=-12
2.06-14
2.9E-07
4.1£-10
1.5C-08
1.3e-067
5.51=-10
307':"12
7.21.-10
2.10-11
6.70-12
5.2E-11
1.5E-11
2.3E-09
1.2c-10
2,10401
4,35-07
2.2E-08
2.9L-08
1.91-12
1.6E-12
l.1£-10
1.50-11
1035‘10
6.5E-11
1.8E-11
2.0E~10
4.7€-11
2.7E-12
2,6E-12
2.3E-09

11.6
11.2
44.C
11.5

17.4
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0.0264
0.0489
0.3875
0.0%01
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
0.0594
0.0914
0.0462
0,0833

2.6762
0.1854
0.6349
0.8168
0.2222
0.0398
0.2450
0.0624
0.0589
0.0336
0.0968
0.4063
0.1279

1.3441

0.4190
0.5609

0.0103
0.0727
0.0668
0.0884

0.1782
0.0811
0.5446
0.0144
0.2832
0.2189
0.3968
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0.6145
0,0250
0.325)
0.0649
0.2355
0.0952
0.,0249
0.0835
0.035%0
0.0589
0.C£596
0.6583
0.0546
0.0546
0.0853
0.0595
0.0807
0.0193

0.1225-

0.0443
0.0823
0.0333
0.0306
0.0036
1.6508
0.0680
0.4948
0.6253
0.1846
0.0508
0.1602
0.03492
0.0682
0.02%9
0.0497
0.2662
0.1111

0.B566
0.2242

0.3871

0.00%5
0.0366
0.,0448
0.0442
0.1077
6.0094
0.2492
0.0104
0.3287
0.3042
0.1915
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0.0138
0.0143
0,2853
0.0745
0.1515
0.0740
0.0208
0.0494
0.0381
0.0373
0.0347
0.6361
0.0357
0.0325
0.0645

0.0314 -

0.03¢0
0.0198
0.0618
0.0301
0.6592
0.0242
0.0120
0.0037
0.9987
0.0306
0.3012
0.34°7
0.128¢
0.0531
0.1129
G.01S¢
0.0316
0.0181
0.0226
0.1214
0.1206

0.6650
0.1577
0.3018
0.0069
0.00636
0.0253
0.6G332
0.0313
0.0763
0.0766
0.1078
0.0090
0.2575
0.2052
0.1079
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0.0093
0.0083
0.228%

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
0.0339

0.0018

0.7076
0.0104
0.1€30
0.2313
0.105¢
0.0378
0.0663
0.0145
0.1164
0.0134
0.0102

0,1165

0.5846
0.2065
0.2359

0.0195

0.0562
0.0399
0.0596
0.0029
0.1511
0.0693
0.0752



Lincetore
Lirestcre
Lincstcne
Limestcne
Lirestone
Limestcne
Lirectone
Lincrnite |
Hagresite
malachite
argenite
berkle Lcl
Merlle pin

hiciocline |103.6) Crystzl reak, Colorado

tliicreccline
Micrccline
bclybcenit
ticnticelli
Mcntrorill
ticntrerill
pcntrnorill
Monzcnite
henzonite
Mhcnzcnite
lcnzenite
tiuscovite
tlatrclite
tieghelinc
negheline
wcpheline

Arcillaceous |359.6) Colorado
Argilleceovus (361.6) Cclcredo
Lelenitic 1353.6) Cclorade
Fcssiliterous [355.6) Ccolecraae
Lithcgraghic [356.6] Germany
Travertine [357.6]) New rexico
cark aray [352.6) Ferncylveria
41.5) ‘iuecalocsa, Alabara
147.6) Vvictcrville, California
[28hCC) Eiskee

[212.6) l.inrescta

coitic |458.6) lew York

k {360.6] Ccloraco

{106.6) rertl, Untaric
{151.0] Custer, Colorado
¢ (267.6]) 5lat Leke City, Utah
te 133Y9.5) Texas
cnite [219.6]) Upten, Wycming
chite (224.6) Otay, Califcrnia
onite [22%.6) Carcron, Arizona

torrhyry (173.6A] Chaffce, Colorado
borphyry [173.0L) Cheffce, Colorado

perehyry (406.6) Norway
|154.6) San Juan, Colorado
[24.5] tffinghan Twp., Untario
1166.6] Srringtield, Oreccn:

Syenitc Scdalite (156.6]) Rec¢ Hill, New H
Syenite |l0U.6) Bancroft, Gntario
tycnite |03.6) wicClure Mtn., Cclcrado
tiephrite Jdede Anphibole (296.6) Britieh Columtia

Obsidian Llcck [52.5) Lake Co., Uregon
Ctsician brown |53.5] Lcke, Cregon

Otsicien L

rewn {77.6) Custer, Coloredc

Clicoclasc [143.6] Horway

Ulivine th
Olivine |3
Clivine |4
vral (153,

Crthcclace [13.5) kugglee Hine, lew Lampshire

Orthcclacse
bectclite

Pericctite horzkturgite (128.6] Nye, Mcntara -

cnclite [157.6) butte, MOntana
3U.6) Cceclorace

20.6) wechirgtoen

L] Hurkcelt, devacda

|y2.6] Custer, Coloradc.
(20£.6) w.ratterecn, WJ

. Pericdctite liarzburgite [427.6]) licntena
Feridctite Mica-augite (71.6) Arkaneeas

Peridctite
kericotite
Fericotite
Peridctite
Feridctite
Perlite (7
ferthite |
Petalite |

Olivine (63.6A) Jecksen, io.Corclina
Olivire [63.6L) vackschn, no.Carolina
Clivine [63.6) Jackscn, Hc.Carolina
ryrcxenite [144.6) webster, Nc.Carolins
tyroxenite [410.€) Wc.Cazoline

2.6) Choffece, Cclorado

415.6] Perth, Untario
269.6) khcdesia

2.229
2.837

2.653
2.560
2.408
2.760
3.176
2.216
4.072
3.984
2.832
2.694
2.547
2.549
2.448
2.590
3.103
1.902
1.990
2,328
2.593
2,593
2.650
2.690
2.771
2.153
2.591
2.628
2.607
2,910
2,301
2.3¢7
2.314
2.569
2.696
J3.204
3,306
1.890
2.550
2.587
2.508
3.254
3.229
2,641
3. 101
3.101
3.101
2.937
3. 318
2.159
2.536
2.566

1.5E-09

‘1.4E-09

3.3C-11
4.1L-12
2.4E-11
4.5[—"10
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thlcaepite {23.5) wnoe rurgese, Ontario . 2.463 1,0C~13 6.2 o.o_llvia g.‘: g.gggg g.g g.gg;g 3-9' gogggg
Fhenclite hyemirngite (232.6) wycmin 2,6C4 6.1E-0% 13.3 0.577 . 15 . . . .
Fhonclite 1{53.6? Cripgple Ctee{, chOIado 2.513 3,.7€-09% 23,0 0.5478 14,2 0.3163 10.5 0.1842 8.8 0.1106
Fhyllite [306.06] Colcrado . 2,621 1.1£-~10 9.4 0.1839 7.7 0.11¢8 6.7 0.,0773 6.3 0,0431
thyllite [473.6) verront 2,728 3.3c-11 18.3 0.1521 15.3 0.1149 13.1 0.0903 11.9 0.0583
rrehnite [2U3.6) W.lattoreen, il 2.887 2.5L-12 6.8 6.5 0.0125 6.4 0.0127 6.4 0,0U57
¢silomelare (230.6) Liew Feaico 4,679 2.2L-04 5937.8 0.7016 3851.1 0.5012 2977.0 0,.,2618
Funice [62.5] UeSaiells .665 2.2CL~13 1.9 0.0292 1.8 0.0281 1.7 G.0159 1.7
Fyrercyritce [302.6] vritisli Cclumbia T 5,448 2.8E~03 154.3 2.3187
Fyrolucsite [(280.6) brazil 3.233 9.7L-03 2940.0 1.7297 2101.0 0.6426
Fyrcphyllite (<21.6) lkcklins, No.Carolina 2.456 6.6E-13 ' 5.3 0.0148 5.1 0.0215 5.0 0.0173 5.0 0.0031
Fyrcxene {118.6) Hclcena, hontana 3.043 J.7E£-12 8.4 0.0279 8.1 0,0173 8.0 0,0117 7.9 0.0079
Pyrcxene [119.6) Caraca, Mexico 3.320 1.2E-09 18.6 0.3087 13.8 0.1830 11.4 0.1233 9.8 0.,0888
Fyrrhctite [209.6] untario 4.168 1.2E+400
Quartz Acventuerine {117.6]) Irndia 2.740 2,6E~12 5.0 5.0 0.,0038 4.9 0.0079 4.9
Gurartz Arethyst |204.6) Thuncer Eay, (ntario 2.661 3.3E-12 5.1 0.0317 4.9 0.0215 4.8 0.0186 4.8 0.0119
Cuartz Liorite 'fcrnalite [171.6]) Australia 2.701 1.5E-11 9.0 0.0567 7.8 0.1005 6.7 0.0901 5.9
wuartz dMonzcrite roryhyry [234.6) Cclorado 2.523 2,2L-10 10.1 0.2198 8.1 0.1222 7.1 0.0803 6.2
Cuartz :cnzonite [148.0] vesterly, KRhode Island 2.590 l.1c-11 7.2 0.0774 6.5 0.,0605 6.1 0.0382 5.7
Guartz bconzonite [14€.86) Calfce, Coloradc 2.620 6.2L-12 8.6 0.0637 7.9 0.0488 7.3 0.0482 6.9 0.0326
Guartz borzenite [233.6) Arhencas 2.775 2.%L-08 27.6 0,4872 19.0 0.,2326 15.1 0.1477 12.8 0.1121
(uartz Rcee [104.0) Custer, to.lakota 2,627 2,90-12 9.4 0.0978 7.2 0.1225 5.8 0.1126 5.2 0,0600
Cuartz Syerite [172.6] vermcentville, New York - 2.782 9,5L-10 9.3 0.2808 7.8 0.0950 7.3 0.0434 7.0 0.0248
Cuartz riger Lye |209.6} Sc.Africa 2.633 6.1E-11 9.5 0.4547 5.5 0.3158 4.4 0,0875 4.2
Quartzite pink [379.6] Coloraéo 2.504 1.3c€-11 5.0 0.0157 4.8 0.0165 4,7 0.0168 4.7 0,0084
(uvartzite purple [378.6] Coloraco 2.606 8.3E-13 5.1 0.0317 4.9 0.0164 4.8 0,0151 4.9 0.,0067
Guartzite rec [377.6]) Nerway 2.369 5.8E-10 5.9 0.1549 5.3 0.,0562 S.1 0.0246 5.1 0.0098
Guartzitec white [382.6) Coloredc 2.584. 6.5C-10 6.0 0.1972 5.2 0.0603 5.0 0.0290 4.9 0,016G3
Rhocécrite {320.6) Cealifornia 3.3%4 1.5E-11 8.6 8,5 0.0100 6.4 0,0081 8.4 0.0051
Rhodécnite [325.6]) Cclcrado 3.406 2.5E-10 8.9 0.0786 8.3 0.0272 8.1 0.0139 8.1 0,0118
Lhyclite altercd [243.6) hevada 2.253 7.2E-10 5.4 0.1780 4.8 0.0677 4.6 0.0350 4.3
Rhyclite altcrcd [55.5]) UusSelobia 2.224 6.0E-10 38.8 0.3806 23.8 0.3514 14,4 0.3535 9.1 0.3066
Rhyolite frech [54.5) UsSibebis 2.233 7.5L~-10 5.0 0.1959 5.1 0.0596 4,9 0.0183 4.9 0.0697
Rhyclite [101.0]) Cestlc RKeck, Colorado 2.122 7.2E-U9 10.1 0.4853 7.1 0.2092 6.0 U,1028 5.5 0.0550
khyolite [97.6] Ctaftee, Cclorade 2,217 7.9L-11 4.6 0.0423 4.4 0,0118 4.3 0,0074 4.5
lLietechite (326.0) Cclcrado 3.002 2.6L-10 11.0 0.2501 8.6 G.1474 7.3 0.0966 6.6 0.0617
futile [l126.6) Cixacs, Hexico . 4.055 4.26-11 87.1 0.0083 86.2 0.00G5 85.5 0.0065 84.5 0.0076
tutile [137.6) Graves ittn., Georgia 4.145 4,.7E-10 83.5 0,0370 79.9 0,0314 76.0 0.0397 71.2 0.0494
Putile [$6.6]) Ncleon, virginia - 2.813 4.5[-12 7.8 0.1089 6.9 0.0672 6.4 0.0426 6.0
Eandéstene Arkcese [362.6] Colorado 2.319 8.7t-11 6.0 0.1248 5.3 0.00661 5.0 0.0313 4,7
Sarastcne ferrugincus (452.6) tiew York 2.510 1.1c£-10 7.6 0.1117 6.0 0.0608 6.5 0.0278 6.0
Sandgtene purple Lanced [453.6) Sc.bLakota 2.315 1.8E-11 6.5 0.1297 5.5 0.1079 4.8 0.0740 4.3
Sancstcone reu [365.6) Cclcrado 1,629 1.7C-09 18.4 0.3822 10.4 0.3820 6.5 0.3101 4.6 0.2140
Scecpclite [350.6]} Cuekec : 2.829 8.2E-11 9.9 0.1117 0.8 0.0569 8.3 0.025¢ .2 0.G050
Scapclite [351.6] Cuckec ~ 2.951 l.6E~11 10.6 0.1193 9.4 0.0636" 8.8 0.0362 8.5 0.0257 g,
bcheelite [256.6] Cnteric 3.232 5.3C-12 6.1 5.9 0.0074 5.9 0.0150 5.9 0.0163 ﬁ*
Schicst Chlcrite [395.6]) Colcrado 3.189 1.5E-10 15.7 0.1646 12,5 0.1467 10.2 0.1178 9.1 0.C615
Echist licrnklende [1%56.6) Clintonville, lew York 2.993 4,.3E-10 11.1 6.2117 9.1 0.1144 8.1 0.0719 7.5 0.0485
5chist Lernklence (241.6] Sc. Cakota 3.027 2.6E-12 7.4 0.0219 7.2 0.0135 7.1 0.0122 7.1 0.0064
5chiet Hcernklende [393.6) Colcracdo 2.945 8.7£-11 9.4 0.1171 8.2 0.0773 7.6 0.0416 7.4 0.,0170
Schist Mice [3%4.6]) Cclorado . : 2.722 4.3E-11 10.3 0.2402 . 8.0 0,.1429 6.8 0.0877 6.4 0.0468
Schist Miceceous [396.6) Colcrado 2.825 6.4L-11 26.3 0.4350 14.9 0.3763 9.7 0.2494 7.9 00,1111
10.0 0.0570 . 9.2 0.0537 8.5 0.0564 7.9 0.0374

Schist grecn [392.6] hcrway . 2.640 2.6£-11
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3elenite Cyrsum [333.6] Ltah
Serpentine fSla.Gl Ccloraco
Serrertine [£.6) Ceraiff, t.aryland
Serpentirite [€0.5] UeSelsaine

shale Arenscccus [337.6) Colorado
£hale Argillacecus [366.6) Colorede
Shale Calcerecus [3iL3.6] Coleredc
Shale Carktcnececue [336.6) tc. Africa
Shale Fhresphetic [3€84.6) hLyerming
Shale tlack [305.6) Sc. Lekote

shale illite-bearino [44%.6]) iew Ycrk
sicerite [271.6) Rcxbury, Connecticut
Sillimanite |166.6) Australia

Slate arcillite |461.6] lLontana

Slatce chiactcelic |402.6) Celitoenia
Llate red [305.6] Coleraéeo

Sraracaite Anphitcle [250,6) Clay, No.Carolina

Sccalite (191.6) Eancrolt, Ontario
Spheclerite [213.06) CLklahcma

dihicelerite {214.6] mexico -

tpheelerite [258CC) Eeaver City, Utah
sghence [16%.6) Cntaric

sycourenc [210.6) Aflconisten

stitritec [270.6]) riexico :

Stiltite [482.6) icve Scotiea

Strentianite [272.6) Cernany ;
Syerite Avgite [170.6] Larvik, Norway
Syenite Forphyry [176.6] vassau, tisconsin
Syerite rerplyry [1v2.64) Litchfield, nhaine
byernite kerghyry (192.6) Litchfiela, Maine
Syerite [|3%.6) victer, Califcrnia
‘Cylvite {¢3G.C0) i.cv iexico -
serlrcite Clivine (413.6) Jaren
lhenercite [450.6) Arizcna

1heralitec [176.0] t.t.dohnscn, Cuetec
icrez [1£4,¢) Stenelerm, laine

4currnelire [120.0] Yincs Geras, brazil
1rachyte rorplyry (123.6]) Cntario
Trechyte Sanioine {109.€) Cerrany
lrachyte Sanicine [$%.6] Custer, Cclorado
Grachyte gperphyry [408.6] wew York
Trechyte [42.6} Cripple Creek, Cclorado
lremclite [312.6] Ccnn.

Tricyrite Lacite [399.6) California

Tuff Lapilli [90.0) California

Tuft Fhyclite [87.6) Ennis, Mcntara

Tuff green Lepilli [89.6] Eutte, Montana
qult wnite Lapilli [91.6) Butte, Montana
Tutf [62,5] L.Sababi

1uff [Y4.6] Ccloredo

Ulexite [441.6] Celifcrria

Uncomtahgrite 1413.6) Pecwcer norn, Cclorado

bralite Amphitole [345.6] Calumet, colorado
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