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‘_where kr is the density-reduced relative dfe]ectric permittivity from a
- relative dielectric permittivity, k, measured at a density of D gm/cm™.
In all three figures, the top box identifies the sample types, the width

Tables of Room Temperature Electrical Properties for Selected
Rocks and Minerals and Dielectric Permittivity Statistics

. by Gary R. Olhoeft

Qver 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
1ists the DC electrical conductivity and relative dielectric |
permittivity with the recommended specific gravity (grain density)
of 347 minerals. Table 2 Tists 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

D )
k, = k

3

of the hictogram bins for counting purposes ("Div.=" in dimensionless
kr 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 1.92-0.27Aand 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 .

e

Ward (1977). Figure 2 represents the statistics of the data from Table 1..A7-

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=20

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 1iquid 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 1is 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 dié]ectric perhittivity
through the molecular orienation polarization mechanism in addition to
electronic polarization. Thus, wet materials and highly hydrated
materials-(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.

b )
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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 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 remainihg 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
beme/Lescripticn

Acanthlte/Arcentlte Ag2S
Albite nNzAlS130E [l4.8)

Allanite (Ca,Ce)z(re2+, Ee3+)A12[0/ud/a104/5107]

1293.6} A
Almanaire re3A11513012
Altaite FEtie bEBLCbuDUCLOR -
Aluminum Al [REF]
Aluminun artimcnice AlSb uEhILONDUCTOR
Aluminur cxice-gamra Al2CG3 IwSUuLATCOE
Amktlygonite (Li,wna)Alrl4(r,UR) [248.6]
Amnmonium sulfate (wh4) 2304 R

Analcire NaaAlSiZ236.H20
Andalucsite A125iU5 [155.6]
Andradite Ca3Fe2$i3012
Anglesite PLSG4 (437.61
Anhydrite CasC4 ’
Annakergite wi3 (AsC4)Z.8H20. [439 6]
‘Ancrthite Ceal2s51izis -
Anthcphyllite (kg,Fe)75i8C22(Ch)2 _
Antimony St [EREF) - , ; -
Apatite Ce5(PC4)3F [253.6] S ,
Aragornite CaCC3 [260.6]
Arcanite K25C4 -
Arsenic As {[REF] -
Arsenic krcmide Asir3
Arsenoryrite reAss SE»ICONDUCIOF v
Augite (Ca,lig,Fe2+,Fe3+,Al) (S1,A1)C3
Axinite Ca2(kn,Fe)Al2ESi4Cl5CH
Azurite Cu3(CU3)2(CH)2 [249. 6]
Bacceleyite 4rcC2
barite BaSU4 (75.6]
- Barium chlorice BaCl2
Barium cxide EBzO
Bariur stannate 5asnG3
Barium sulfide Beas
Barium titanate kEatTiC3
Barium zircocnate Eazr03
Beidellite
(va,K,Mg,Ca)0. 33A12(Sl Al)4GlO(Ch)2 nhzo
- Berlinite AlPG4
"Beryl Ee3Aal2Si6(C18 1180 6]
-Beryllium Ce [REF]
Beryllium oxice-teta EeO
Biotite K2(Mg,Fe)4-6(Si, Al)BOZO(OH)4
Bismite 11203
Bismuth Ei [REF] SEMIMETAL
Bismuth titanate Ei4Ti3012
Bismuthinite bi2S3 SEMICOWDLUCTOR
Bornite Cu5FeS4 SLMICUNLUCTOR

Density.

gm/cc

a7.248

2620

3.8U0
4.318
8.246
2.693
4.340
3.900
3.110

1,769
2,258

3.145
3.860

6324
24963

3.000

'2.760

3.000
6.698

.. 3.180

2.931
T 2662
5,780

3.540
6.162
3.300
3.300
3.787
5.826
4.480
3.850

5,992
4,250

6.017

",15.520

12,600
2,618

2,641

'@~1.847
3.010
20900'

9,370

19,807

6.808
5.091

-8-

LC cend.l
yvho/m |

+1.0L+02
+2.1t=-09
+1.2CL-10

+1.0L+04
+3.7L+07

+3.18-12

. +3.9E-12

+7.6E-11

+5.6E-09
+2.5E+06
+1.2E-12

+3.4E+06
+1.0E+03
+2.1E-11

+9.8E-08

+2,8E-13
+2.5E+07

+1.2E-11
+8.,6E+05

+1.0E+03

Liclectric
¢ 1 vhc

655

13.50
4.30
450.uU

24.00
10.10
8.5V

3.30
5.80
. 6.90
14,30

650

6.60

6.50

8.G0

11.706
8.07
6.40
3.30
7.20
9.3C
8.90

21.00

12.40

10.03

11.40

34.00

18.00

15.23

3600.G0

43.00

17.40
6.05
6.75

’ 7041
6.30
18.20

135,60
18.20
8§.13.

[ T



£oxon E {KEF]

Bromargyrlte AgEr SENICONDUCTOR
Bremellite e

brucite rig(Gh)2 [247.6]1
funsenite niG SEMICGCLLUCICR -
Caamiun Cd [REF)

Cadmiur krcomide CéBr2

Caémium telluricde CcETe SEMICONDUCTCR
Cadmcselite Cése SEMICuuubC '‘CR
Calcite CaCC3 [1l94. 6]

Calcium Ca [REF]

Calciunm nitrate Ca(iG3)2

Calcium cxice CaC (Lime) INSULATOR
Calcmrel &gCl

Cancrinite (hazca)4[CO3/(HZO)0'3/(A1D104)5]

[432.6]
Cagcsiterite Sn02 SEMICONDUCTICR
Celestine SrSC4 (251.6]1
Celsian 5aAl2812Cs {200. 6]
Cerianite CeG2
Cerium Ce [REF]
Cerrusite PECC3
Cesium Cs {REF]
Cesium chloride CsCl IWNSULATOR
Cesium iodice Csl InSULATGR
Chalcanthite Cu3C4.5H20
Chalcccite CuzS SEFMICCLLDUCTICR
Chalccpyrite CureS2 SEMICUKLDUCIOR
Chlorargyrite AgCl ELECTILCLYTE
Chlcrite [:g3(51i4010) (CH)12.:G3(CH)6
Chromite reCr2G4 [27KCC]
Chroriuvr Cr [REF] METAL _
Chrysckeryl EBerl12C4 [434.5]
Chrysccolles CuSiG3.2H520
Cinnebar hkecs
ClaLsthallte ELkSe SEMICONDDCTOR
.Cobalt Co [EEF] Qo
Cobaltite CcasS ' -
Cokaltcus cxice CcC - ‘
Colemanite CaZt6011.5H20U [332.6]
Columkite (Fe,iin) (Ck,Ta)206
Coprer Cu [REF] RETAL
Copper dichloride CuClz
Cordierite (4g,Fe2+)2Al145i5C18 [346 6]
Coruncum Al203 IHNSULATOR
.Cotunnite PECl2 :
Covellite CuS METAL
Cristcbalite 5i02
Cryolite Na3Alkoe [263.6]
Cummingtonite (Mg,Fe)7[CH/Si4011]2 .

Cupric sulfate monochyarate CuSO4.B20 -

Cuprite Cu2¢ SEMICONDUCTOR
- Danburite Cag25i208 [161.6]

2.465
6.477
3.010
2.368
6.809
8.643
5.152
6.206
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
1.506
3.988

- 4,510

2.291
5.793
4.200

5.571

2.800
5.086

7187
T 24913

2.200
8.187

- 8.100

8.836
6.275
6.438

24400

5.000
8.934
3.054
2.508
3.987

- 54906
4,682

20300
2.965
3.211

6.105
3.000

9.

- +5.5E=05

+3.6E~11
 +1.5E+07

+3.0E+07 .

+2.4E-10
+1.0E+00

~ +1.6E-1C

+1.3E+06

+5.0E+08

+1.C0E+03
+1.0E+03

+1.5E-07
+6.2E-10
+2.GE-08
+7.8E+06

+2.0E-10

+1.6E+07
+1.0E+0C3

+5,9E+07

+1.0E-14

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

+3.0E-01

12.20
7«35
8460

11.9%0

e

860

10.80
.70
635

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
280.0C

12.90
13.€0
13.00

9.80
7.40
12.60
" 47.40

8.40

- 7.02
7.00
7.60
6.94

[ SSmu——"



Datclite Cab5iG40I [442.6]

2.900
.Diarona C SEMICGULULCTOR 3.515
Diaspore Alu(Cll) [4lo.6] 3378
Dickite A1251205(Ck) 4 [225.86] 2.620
Ligenite Cuy3s - 5.603
bicpeice figCaSi2ub [317.6]) 3.277
Lioptase Cusi02(Lh)2 3.300
Delcmite Calig (CC3) 2 {102.6] 2.866
vumortierite (Al,Fe)7b513GC18 [190‘6] 3.350
vysprcsium LUy [REE] 8.548
Enargite Cu3AsS4 [265.67 bEbICbuuuCIUP 4,463
Epiaote Ca2(Al, Ee)35130120L [32&. 6] 3.587
"Epscmite MgSC4.7HZC 1.680
Erbium Er [REF]} 9.006
Eskolaite Cr203 - 5225
Eurcpium Eu [REF] . D5e245
Fayalite Fe25i04 44393
Ferberite Feul4 - 7e521
Ferrcus cxice Fel (stoichicmetric) 56700
Flcurite CaF2 IuSULETUR 3.179
Fcrsterite .gz5iu4 3.213
‘Frarklinite 5.350
Gadeliniur Gé [RCE] . 7.906
Gahnite °inalzC4 4.608
Galena rkS SENMICCOHLUCICR : . 7.59¢
Gallium Ca [EEF] - T oL - 5913 .
. Gzllium a2ntincnide GaSkt SELICOALUCTOR -
Galliun ersenide GaAs SEMICCNDUCTOR - -
Gehlenite Ca2al128iC7 [444. 6] 3.050
Geikielite neTiC3 3.895
Germanium Ge [REF}] SEMICONDUCTOR 5326
Gerscicrffite wiAsS 5.964
Gibksite Al1(Ch)3 2,441

. Glauconite
Kl.5(Fe3+,Mqg,2l,Fe2+)4-6(S1i, Al)BOZO(OH)4 [313 2.300

Glaucopharne La2£c3A12[518042](Gn)4 3,200
Goethite keO(CH) : - 4,268
Gold Au [REF] METAL 19.282
Goslarite ZnSU4.7H2G : - le872
.Graphlte C [REF] Carkcecn SENIEEIAL , 2,267
Greencckite CG&S SEhICGhDUCIOE 4,826

Grossular Ca3Al125i3012 : — o . 34595

Gypsum CaSC4.2h2C (26. 51 Alabaster 2.305
-Hafnium Hf [REF] o 136242
.Balite naCl .ELECTKOLYTE [433.6] . N ' ‘A_,2 163
Halloysite Al25i205(Ck)4.2E20. [228.6 @ 1.12 2.550
Hedernbergite CareSi2C6 [10.8] .~ . 3.632°
hematite Fe203 SEMICONDUCTOR - 54275
Hercynite FeAl204 [277.6] 4.265
Hessite Ag2Te SENMICCNDUCTGCR 8.405
Holmium Lo [REF] ' 8.801

Hornblende
(Ca, NaK)2-3(hg,Fe2+ Fe3+,Al)5(Sl Al)8C22(Ch)2 3.080

-10-

+7.9E~11
+2.0E-13
+4.6E-0Y
+1l.3L-09Y

+1.,0L+02

+2.3E-14
+9,2E-12
+1.8C+06
+1.0E+0G1
+1.3L-10

+5.3E+05

+7.1E+C5
+5.2E-04
+1.0E+03
+5.,7E+C6

+2.2E+0C
+1.0E+05

+3.5E-09

+9.,7E-12
+4,5E+07

+7.0E+04

+9.5E-12

++2.8EL+06

+2.0E-14

+1.5E-08
+1.,0C-02
+1.3E=07
+1.0E+05

+1.1E+06

 +2.1E-11

7.50
5.€8
12.50
4.00

5e60
7«60
7.46
7.00

- 206.0606

14.4C
S.46

11.90

6.80
14,060 -
6.76
080
Y40

© 205.06

15.69
12.95
10.40
18.00"
15.80

8.40

12.70
930
11.70

6.20

2.35
7.60
639

5.90

7.8€
17.40
25.00
40.00



Hydroxyaratite Ca5(¥04)3Ch 3.155
IGccrase Call(lg, Fe2+,Fe3+)22145i9034(CH) 4 1445 61
_ Vesuvianite 3.400
Illite (U3G,RK)Al8(S1, Al)16040(bu)8 2.660
Ilxenite FeliQ3 4.78¢&
Inéiur In [REFR] ' 7257
Inédium antimonide Inck SEIICuubuCTGR .
Indiur arsernidée InAs SEMICUWLUCTGR
Icdargyrite Agl SEMICCLLUCTIOR S.684
Iridium Ir (REF] 22.564
Iron te [REF] . 7.875
Jadeite taAlsi2Co [343.6] 3.400
Kaolinite Al125i2G5(Ch)4 [223.6] 2.594
Kareliznite v20G3 , 5.021
Kernite wa2B4C7.4582C (440.6] l1.677
-Kyanite A125iC5 (187.6] A 3.675
Lakradorite &caCc3(AlSl3ce)8 (314.6] . -24710
Leaé Pt [REF] METAL 11 343
Lead nitrate PE(RC3)?2? 4.530
lLead titanate PETIC3 7940
Lead zirccnate FE2r03 . : o 7.000
‘Lericdclite K(Li,Al)3(&1, Al)4ulO(F ca)z [27 5] 2.900
Leucite KA15i2C3 . 24469
Limonite [41.5] Aror*hcus Iron’ - 3.176
Litharge FtC rec¢ SEMICONDUCTOR
- "94335
Lithiur Li [REF) ' «533
Lithiur chleride. LiCl ELECTROLYTE‘ 2.060
Magnesite [gCU3 - 3.010
Magnesium tg [REF] LETAL 1.737
Magnesium sulfate MCSC4 2.660
Magnetite Fe3(C4 METAL 5.200
Malachite Cu2 (CC3) (CH)2 [2BKCC] 4,031
Manganese lin [REF] - 7470
-Manganite MnC.Ch [212. 6] 3.984
Mangancsite Mno S5.366
Mascacnite (nNk4)2504 1.769
Mercuric chlorice hg2Cl2
: 6.470
Mercurocus chlorice HgCl2 :

‘ - 54600
Microcline KA1Si308 [103.6] 2.560
Millerite iiSsS S 5374

' Minium PE3C4 ' 8.926
Molykdenite McS2 SEMICCLDUCTCR 4.999
‘Molybdenum Mo [REF] METAL _ 10.221
Monticellite CalgSiC4 [339.6]1 3.200 "

Montmorillonite

(Na,K,Ma,Ca)0.33(Al,Mg) 2514010 (OH) 2. nH20 [229 2.608

Mullite 3A1203.

Sig2 3-2  INSULATCR 3.167"

Musccvite KA135i3Cl0(Chr)2 [24.5]) 2.831
hantcckite CuCl SEMICGHDUCTCR 4.139
24245

Natrolite Na2A125i3010.2520 [168.6].

-]]-

+502£-11

+1.0E+02
+1.2E+07

+1.9E+07
+1.0E+07
+1.2E-10
+3.1E-08

+1.9E-12

+1.8E-12

. +1.3E-10

+4.8E+06

+2.,6E~12
+3.5E-08

+1,2E+07

+2.3E+07

+1.0E+04
+1,1E-~CY
+7.,4E+05
+1 ,9E-~02

+3.0E+06

+1.GE+00

+1.9E+07

+7.7E~11

+4.8E-07
+1.0E-~-14
+4.6E~13

- +2.9E~Q7
'+1.08~09

4.20

.64
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.CG

630
6.80
12.40

25.90

10.60
8.10

8.20
633
917.00
18.06
9.80
9.40

3.20
5.48

17.80

' 8.50
207.060
6.60
7.60

9.80
6.70



Wepheline Na3KAl4Si4Clé6

fNiccolite nias

tNickel N1 [REF] METAL

lhickel carbonate Ni{(CO)4

Nicbium NE [FEF]

Niter KNGC3

Nitroktarite La(h03)2

Cléhemite CzS

Gpal SiG2.nil20u [198.6]

Orthoclase KA1Si3us [13. 5]
Ealladium Ba [REE]

Pectclite Ca2na$i3UBO0H [208.61
Periclase GO INSULATCR

Percvekite CaTiC3 SE’I;ONDUCTOF
Petalite LiAl1Si4010 [259.6]
Phenacite Ee2Si04 R3

Phlcgopite KMg3A1Si3C10(CH)2 [23.5]
Phosphcrus P [EEF]

Phoschcrus trioxice P2C3
Plattnerite PLC2

Bctassium K [REF]

Potassiur aluminum sulfate KAl(SO4)24
Potassium krcmate KBrG3 : :
Potassium bromicde XK&r INSULATOR
Potassium carkonate K2CG3 '
Potassiur chlorzte KC103

Potassium flourige XF ELCCTRCLYTE
Potassium orthcphcschate h3rL4
Powellite Calic(U4

Praseocvmiunr Pr [REF]

Prehnite Ca2a125i3Cl0(CE)2 [203.6]
Proustite Ag3AsS3 SEMICUONDUCTCOR

Pt [REF] METAL

Pyrargyrite Ag3S5kS3 [302.6] SEMICOKDUCTOR

Pyrite Fe52 SEMICCNDUCTOR
Pyrolusite MnO2 SEMICONDUCTOR
Pyrophyllite Al2Si4Cl0(CE)2 [221.6]
Pyrrhctite Fe.B877S HETAL ,
Quartz 5102 INSULATCR

Realgar AsS

Ketgersite NiS04.6H20

Rhenium Re {[REF]

Rhodium Rh [REF]

" Rhodochrcsite MnCu3

“"Rhodecnite MnSi03 [320.6]

- Riebeckite Na2£e2+3fe3+2518022(05)4
Rubidium Rb {REr]

Rubidium carbcnate Rb2CO03

‘Rubidium chloride REC1

Ruthenium Ru [REF] :
Rutile TiG2 [137.6] SEMICONDUCTGR

- Salmiac NH4Cl Sal Amoniac

2.623

8.910
'1.320
8.580
- 2.105
3.240
2.602
1.890
2.570

2.870

3.583

4.044
2.410
2.960
2.7E4
1.801
2.135
9.375

«862

3.270
2.754

| 2428
24564

4.256
6.774
2.910
S«595

21.460
 5.851

5.011
5.234
2.819
4.610

. 2648

3.580
2.070

21,017
12.425

3.699
3e726
3.000
1.530

2.800

124365

4.245
1.527

=12~

+1.6E-0Y
+1.0E+07

_+l.4£+07

+8.0E+06

+3.9E-07
+6.9E~-13
+9.3E+06
+2.3E-11
+l.6L-11

+1.7E-10

+1.0E-13
+1.CE-09

+1.1E+06
+1.6E+07

+1.5E+06
+2.5E~12
+1.GE-Q03
+9.6E+06

' +2.8E-03
+1.0E+03

+1.0E+0G0
+6.6E-13
+1.0E+0S
+5.0E~15

+5.2E+06
+2.2E+07

+1.5E-11
+8.0E+06

+1.3E+07
+4.7E-10

6.G4

2.20

4.37
5 o '
6. 70A
13.01
5.€C

S.CO
9.65
165.C0
5.00
5.10
74560

3.20
26.00

3.80
7430
4.78
4.56
5.10
6,05
7.75
24.00

6.50
16.50
222.00

10000.GC
6«30

760
6.20

6.80
10.00

659 °

6.73
4.91

78.50
6.96



Samarium Sm [REF]

Sanrartinite &nkG4

Scancium Sc¢ [RLr]

$Scapclite CaCl3. 3CaA1251208.CaaO4 CaCl2

Scheelite CaWl4

Selenium Se [LEk) SEMICOGNBUCTCI.

Sellacite tgb2 luSULATCE

Serrentine ig3(812C5) (CL)4 [318.6])

Sicderite reCu3 [271.6]

Silicen i [KEF)] SENICCLLUCTOR

-8iliccn carkice SicC CLPILUNLULTOR

Sillirmanite A12SiC5 [l56.6] .

Silver Ag [KCF] METAL

Silver cxide Aag2C

Smaragdite CaZ(lig,Fe)55i8CZ2(CH) 2 [490 6]
Actirolite

Soda-niter LawC3

ScGalite 424Al3(SiC4)3C1

Scdium iia [REF]

Scdiur trcmate NaBru3

Scéiur carkcnate na2CC3

Scdium corkcnate nycérccen uaPCCB

Scdiuvn perchlcrate weClG4

Spescsartine ['n3A128i2C12

Sphaelezlte onS [213.6] SEulCuhDUCTOT

Srinel MgAlzC4

Spcdaurere LiAlSi2Ca [216. 6]

Stenrous tetrzchlcride SrCl4

Stiktnite Sk253 SENICCNIUCTCR

Stibncus ktromide Skir3

Stitnous chlcrice SEC13

Stllblte NaCa2Als55113C36.144520 [482 6]
Stilleite ZnSe SENICCwDUCAICR
Stclzite FLEV:C4

-Strontiznite SrCC3 [272.6]
Strontium Sr [REF

Strontiur ritrate Sr(wmC3)2
Strontium cxide SrO

Strontium suvlfice SrS CEMICONDUCTCP
Strontiur titznate SrT103

Sulfur S [EKEr]

Sulfuryl cklcrice S02C12

.Sylvite KCl1 ELECTROLYTE

"Talc g3514C10(Qk) 2 :
-Tantalite (fre,lin)(Tz,ib)206
Tantalur Ta (REF] o '
Tantalumr pentcxice Ta205

Telluriurm Te [EEF] SERICCGWDUGCTOR
Tenorite CuC SEMHICCLDLDUCTICR
Tephroite Mn2Siud [415.6])

Terbiun Tt [RLF]

+1.1E+06

+8.3E+06

+3.2E-0S

+1.ZE-1C
+1.06L+GC7
+5.CE=-01
+1.0E-11
+6 4 2E+G7

+1.0E-11

+2,4L+07

+3.8E-12
+4,5E-13

+1.0L-C6

+4.6E-08
+2.2E-12

+4 ,4E+C6

+1 . 08-13

 +8.0E+06€

+2.3E-04

 +5.8E-11

16.10

Bae23
11.70
11.00

2.50
14.00

9.3C
11.7G
10.20
11.00

- 8480

8.60
6.85
6.80C

5.7C
.75

4.40

5.7¢

. 7.60
6.8C
8.30
2.87

11.20

5.10

5430

9012 . .
23.60

€.60
5.33

13430 -
11.31

332.00

3.75

9.05
4.84

S5.80

10.00

45,00
5.00
18.10

10.00

33,00



Thallium T1 [REF]

Thallous chlcrice T1C1 SEMICCNLULCTIOR

Thallous ritrate TI1LC3
Thenarcite wal2sud [450 6]
Thorianite 1hC2

1horivn Th [EEF)

Thuliur Tr [REF] :
vierznnite HgSe SEMICOWLUCTOR
Tin sn (RCE] SEMILETAL

Tin antircnide 3nstb
Titanite Cz11iSiC5 bpnene
Titaniurm 11 [REr] METAL
Topaz Al2(Siv4) (F2) [184.6]
Topaz Al2(5iC4) (Ch)

Tremclite Cc21051a18042](0b)2 [312 €l

Tungsten W [EEF]

Tungsten rentcxide 205
Tungsten tricxice wG3
Ulexite ieCaB5CS.8H2C [441.6]
Lraninite GQ2

Uranium U [EEF])

Valentinite SEt2C3

Vanadium V [EEF]

Villiaumite iaF

Water H2C (liguiqa) INSULATCR
Willemite Zn2SiCé4 [182.6]
Witherite EaCC3 [273.6]
kWollastonite CaSi03 [348.6)
Wulfenite EbMOOC4

Wustite Fe.9470

Ytterbiur Yb [EREF)

Ytterbium sescuicxide Yb203
Yttriur Y ([FEF)

Yttrium sesquioxide Y2C3
ginc zn (REF] MLCTAL

2inc telluride Zinle SEMICCNDUCTCR
Zincite ZnG SEMICOHDUCTOR
2ircon 2rSiG4

Zirconium Zr [REF)

Aéoxs1te Ca2A13(5104)a(OH) [347. 6]

- - -

11.
7.
2,

10.

11
9.

8

7

3

875

020

663

012

e 726
320

266
«287

.523
4.
3.
3.
2.
19,

7e
2
‘10
19.
Se
6.

506
500
174
977
261

160
000
269
047
8§29
101

12,790

«997
4.
4.
2.
6.
Se
6.
9.
Se

251
308
909
817

722

969
170
912

5.010

7

4

136
6s
5.
«669

6.
3.

340
676

508
328

N4

+5.6E+06

+7.7L+06
+1.3E+00

+9.1L+C6

+5.8E-12

+2.3E+C6 -
"+7.1E-14

+2.6E~10

+1.8L+C7
+2.2C+05
+5.0E-G4
+2.9E-12
+2.6E-03
+3.3E+06

+4.0E+06
+5.5E-06

+3.4E+06

+1.7E+07

+2.5E+06
+2.,4E-11

31.90
16.50
€. GG

15,40

25.€0G
147.G0
21.06

5.C0C
8.00

5.80
24.C0

12.86C .

6.90
78.30

7.70
7.20
8.6C
26.80
14.20

5.00
11.50

10.10
12.00

6.8C

110,06

10.40
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Table 2 lists the measurements of a series of rocks and-
minerals. The columns in the table are the rock or mineral
description and any 1dent1fy1ng 1nformat1on (sample number, location,
etc.), the dry bulk density (+0.01 gm/cm ), 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 TMHz. A1l 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

4270A 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 :

.2, S/D
ky = k3

where k] is the value in Table 1 at the zero porosity density of S gm/cm3

and k2 is the value in Table 2 at the measured dry bulk density of D gm/cm3.

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.S. Geological
Survey. '



tare/Cescription Co "Leneity Cenductivity  Relative Dielectric Permittivity & Loss Tangent

. gr/cc LC i'ho/m 1kliz - 10klz2 : 100kliz . 1LREE
Afwillite [211.6] Riverside, Czlifornia 2,832  7.6E-12 ° 10,9 0.0422 10.2 0.0430 9.6 0.0409 - 9,2 0,030
Altite Gneiss [390.¢) Ccloradc 2,677 9.7c-11 17,2 0.3662 11,3 0,2664 6.4 0.1604 7.0 0,109 >
Altite [14.€} rencrcft, ountario 2.601 2.1E-G9 - 8.5 0.2559 7.4 0.0756 7.0 0.0324 6.9 0.0111 ¢
Altite [324.u) sc. Lakota 2.547  1.1L-10 5.0 0.0143 5.7 0.0072 5.6 0.,0102 5.6 0.,0071
Allarnite [293.6] Ontaric 3.517 1.2L-10 15,3 0.1331  13.5 0.0717 12.4 0.6511 11,1 N
Antlygonite [246.6] kcystone, Sc.Dakcts 2.970 3.1E-12 8.2 0.0196 8.0 0,0172 7.8 0.06175 7.7 0,018

© Arcelucite {1u5.6] Auvctralia - 2.757  3.9C-12 6.9 0.6774 6.1 0.0711 5.6 6,0461 5.4 0.0183
hriesite hernklernce [130.6) Mt.Shasta, California 2.184 1.6L-69 ' 5.6 0.1724 5.0 0.0475 4.9 0,015z 4.7 :
Anceefte Lornblence [236.6) Cclorado 2.599  S.BE-G9 4.2 0.,7206 18.5 0.4145 12.6 0.259% 9.4 0.2030
ancesite Flzcicelaec 1121.€) ban Juar, Colcrade 2.606 1. 4R~ 16.4 6.2125 12.6 0.1¢63  10.1 0.1415 ~ 8.5 €.1205
Irccgite jerpbyry 14v.5] Loulder, Celirade 2,738 2.1L-11 2.3 0.1789 10,0 0.1235 4.6 G.IU1Y 7.6 v.0792
hncesite [23Y.b6) ‘terae - - 24854 1.7C0-10 12,1 0.2087 5.8 0.1230 8.6 0,0726 ~ €.1 0.0393
arglesite (437.¢) uteh : - 4,075  7.6L-11 24,6 0.1044 22,1 0.0586  20.9 0.0307 20.4 0.01a9
aubycrite (334.6] cclwat, i : 2.778 1l.21-1l 7.8 0.0748 7.1 06,0372 6.9 0.0168 6.9 0.0G85
irratcryite {43v.6]) lLicvade 2,707 1,26-14 6.2 6.0691 5.7 0.0G445. 5.4 0.0247 5,5 0.0129
arcrtheclase [321.€) Lorwey : 2.537  1.50L-11 2.4 0.06928 7.4 0.0650 6.9 0.0450 6.6 0.0304
Arthcpfyllite [zLéG.C) o, Cirodina . 2,451 5.6L-09 10.3 0.3517 7.4 0.1969 6.1 0.11€0 5.4 0.0802
sretite 125%.6) Luckee 3,022 2.71L-12 9.9 . 9.8 0.G057 5.7 6.00674 9.7 0.0082
hretite 1e33.0) ornvey 3.124  1,20-12 13,4 0.0486  12.5 0,0364 12,0-0.025¢ 11,2
Frecenité (z60.0) Licland . 24687 2.91-1) 7.5 0,0669 7.4 0.0054 7.4 6.0073 7.3 0.0064
Arsercpyrite [262.6) Geld Hill, Utah ' 3.620 1,2£-03 : :
Astcstes Anphibcle 125%2,6) Lozeman, Montana T 2,756 7.0£-10 9.4 0.4058 7.1 0.1566 6.4 0.0664 6.0 0.0329
hugite [12.8]) 3.171  2.1k-11 12,4 0.1664 10,2 0,108% 5.0 0.0653 8.5 0.0346
Axinite [34z.6) Mexico 3.127  1.1E-12 8.7 0.0346 8.4 0.0261 6.2 0,0222 7.9 0.0229,
rtzurite |249,6) usistee, Arizcna 2,121 1,8£-09 22,1 0,.3444 13,9 0.3277 0.7 0.3365 5.5 0.2842
carite [79.¢) Cugter, Celorado 4,364 .9.8L-08 14,5 0.6565 11.1 0.1755 5.9 0.0618 9,5 0.0261
iecelt icrnklenve (7.5] chatfee, Colcrado 2,635 9,9L-09 - 48,1 0.7061 22,4 0.4990 14.6 0.2843 . 10.8 0.1973
Leselt 1bingvellir, lcelana 2.816  B.46-11 6.4 0.0444 9.9 0.0297 5.6 0.0209 9.4 0.6213
tatelt orygazledcal 1246.6) lichigan 3.134  2.4E-10 24.5 0.2026 17.9 0.1t43 14,7 0.1161 13,1 0.0737
bagalt Llcce |5845) UeS.ELbis : 2,643 1.4L-09 29.0 0.3533  21.1 0.1¢S1  17.7 0.1133 15.5 0.1004
pacalt [166,.6A) lieweil A 2,365 . 6.CL-10 8.5 0.,0633 8.0 0,0392 7.7 0.0163 7.4
vatalt |166.6L) Lawail - 2.365  5.2L-10 7.9 0.0791 7.5 0.0368 7.2 G.0185 - 6.9
Laselt {166.6) Hawzii . v 2,365  7.96-10 8.4 0.1117 7.9 0.0438 - 7,5 0.0229 7.5 0.0126
Lecalt |5.5) CLhaltce, Colorado 1.953  7.3L-09 29.3 0.5480 16.8 0.3763 11,1 0.2762 . 8.0 0.2136
taealt [6.5) Germeny o 3.030 5.8£-0Y 37.6 0.6048 19.6 (.4276 14.2 0.2020 11.6 0.1220
sezalt [KOLA) haweil . : S 24136 1.7t-11 10,1 0.0494 9.6 0.0325 9.2 6.0327 8.4 0.0441

“regclt {TGLo} haweild . C 2.230 1,5L-11 10.7 0.0277 10.4 0.0190 0.1 0.023¢ 9.8 0.0467
bacalt [L6G7) wewaid S 2.181 1.3c-11 10.3 0.6266  10.1 0.0185 5.8 0,0210 9.5 0.0409
bLeselt [RGUu) nawalf . 2,029  1.20-11 9.9 0,06349 9.5 0.0212 9.3 0.0233 9.0 0.0404
basplt [NK6us) hewail o 2,048 6.40-12 8.1 0.028) 7.8 0.0196 7.6 0.0180 7.5 0.0235 ¢
Laealt [Eblo] hawalil 2.043 4.50-12 7.7 0.0238 7.5 0.0137 7.4 0.0127 7.3 0.0194 &
batalt [Rull] Lawzil - - : v 1.630  1.0L-11 6.3 6.0255 6.1 0.6146 6.0 0.0134 5.9 0.0177 1
Lesalt |EOL12) hiezwail : . ' T 2.462  1.z0-09 12,9 0.2762 10,3 0.1208 9.3 0.0624 8.7 0.0522
besalt [E613) Liaweil _ _ 2,617 2,7e-11 13,2 0.0397 12.7 0.0246 12.3 0.06254 11.5 0.0385
vocalt [F614] heweil ' _ ©2.807  2,30-11 10.7 0.0793 9.8 0.0532 9.2 0.0415 8.7 0.0374
Laczlt [F615) Hewail ' 2.617  1l.4E-11 11,4 0.0514 10.8 0.0350 10.3 6.0362 9.8 0.0482
Becelt [FL16}) pawail o 2.882 1,2E-11 10.9 0,0336 10.6 0.0224 10.2 0,0260 9.8 0.0389
vagalt [R617) liaweil _ 2.105 1,2c-11 7.0 0.0880 ° 6.4 6.0545 6.0 0.0374 5.6 0.0241
Easalt [L61%) Nawail _ 1.979  7.8L-12 9.2 0.0370 8.8 0.0215 6.6 0.6202 8.4 0.G315
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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
0.0163

0.0223.

0.0173
0.0166
0.0101
0,0112
0.0148
0,0143
0,0134
0.0149
0,0166
0.0z01
6.0204
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
0.0506
0.0336

0.3548

0.0259
0,0039
0.3188
0.0713
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0.0278
0.0357
0.0223
0.0534
0.0351
0.0361
0.0595
0.0783 .
0.0382
0.0256
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
0.6738
0.03C6 -
0.0467
0.0187
0.0204
0.0385
6.0316

0,0026
0.2068
0.0504
0.0179
0.2844

0.1466
'000191



Calcite [4L.6) Cherckee, Kantas
Cencrinite [432.0) unterdc

Cecciterite {27v.6) nigeria

Celectite [251.6) Hexico

Celrianr |260.0) sustrelia

Crhalcccite [1%KCC)

Chilcrite [17vy.6) Coloraco

Chlorite (197.6) Calaverag, Cellto:nla
Chrerite [27KCC] scCokbuceeia

Chrerdte [duleb) Slecra Leone
Chryrcteryl {434.6) Ec, bakota

Cirrcbar {4L0.0] Sraln

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

Cclerarnite [435.0) Cclitornie

Ccruierite [34G.0} Colorace

Ccrurdcun [203.0) lrencgveel

Cryclite |263.6) Creenland-

Cunriratenite 1294.0] Lead, So. Dakota
Liecite Ferphyry tica [40.5) Lard, Colorado
‘Lecite pcrphyry (39046} tortana

vecite lJOOSl Lebeloile

verburite (10146} Liew tork

Letclite ]442.6) Connecticut

Liatcee {129.6] vereey Clty, 8NJ

Liztose {131.6) St.reters, pPennsylvania
Listese |155.0) Lkit. Toem, vecsachusetts
Liztose [242.6) Cclcrado

Cicepere [41646) bicsetua, bMitecurd
Lickite |225,6) bt.Gecrge, Utah

Liopcice [317.60) rinlend

Licrite ncriklence (152,61 Fremont, Colo:ado
viorite hcrnwlenue [69.6) Salen, hassachusetts
Licrite perplyry [44.5) Jackeen, Wyoming
Licrite (24U 0) lexcs

Leclenmite [102.6) lLee, Massachusetts
Lclenite [310.6) Colcrauo

Loelunite [43.6) 1hornwocs, hiew York
Lutcrtierite [190.6} Pershlng, lHevade
Lrergite [205.6] teru

Lriccte |323.0) Arizona

. Feleite Ferpghyry [124.6) Saler, Massachugetts
telsite [96.6) liettapen, Massachucetts
Flcurepar (278.6) 1llincis

Gebbro cytewnite [36.6) Luluth, Minnesota
Gettro herntlende [132,0] Escex, New York

Gekbre Lorrnllence [160.6] Salem nNeck, lassachusett

GakLkbrc tiyfercthene {75.6}) uintaorio

Getkro Ulivine [156.6) ticiita mMtn., Oklahora
Celkro [84.6) Cucster, Cclorade

Carnet Alrendine [114.6) warren, iNew York
Gernct Anuradite {111.6) Granam, Arizcna
Garnet Greesulaer [113.6) Mrancveal

- 24555

2.3%0
5.953
3.789
2.896
7.013
2.819
2,617
5.001
3.440
2.9489
3.470
5.821
2.347
2.311
2.717

. 3.0890

2,479
J.21
2.601
2.41¢
2,206
2,992
2,840
3.149
3,039
J.015

3.051

2,319
2,460
3.162
2.808
2.860
2.608
2.75%

- 2,892

2.545

2,851

2.650
4.746
2.892
2,519

" 24574

3.168
2.91°%
3.486
2.829
2.9062
3.045
3.047
3.947
3.669
3.426

3.0u-11
2.4L-10

. lo 21"04

7.1C-12
1.bL-10
1.0!.-07
9.6L~12
6 02[:"'10
2.0L-08
704[4"06
2. lL"l?-
9.9£-08
3.8L+00
J.2L-11
4.20-12
10 IL-O‘J
8.9L-12
6.1E-13
6.0L-ll
0.4L-l2
6.9c£-11
1.5C-10
4.10-11
7.96-11

4.4e-11
402L’10
3-5E-09

4 .6E'09
©1.3L-09

1.7[4"11
4.08-11
5.1L-09
4.,7L-08
2.8C-08
2.3[4-1‘
7-0["10
la Ju"l]
9-2[--12
4.6E”03
1.3L-10
9,0E-12
3.2E-10
l.8L-14

1.35-10 -

1.95-11
7.¢6-1G
3.0L-11

1.9C-10 .

7.2E-12
6.0L-12
2.6L-10
8.7E-12
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0.0601
0.0430

0.0435
0.1369

0.3219
0.4552
0,7312
1.2038
0.1440
0.3124

0.3673
0.0314
0.4774
0.0078
0.0145
0.11%6
0.0987
0.2379
0.G909
0.0500
0.0413
0.5457
0.1558
0.1718
0.4037
0.5304
0.3162
0.,0522
0.10634
0.4011
0.6074
0.6841

0.0958
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
0.0648

0.437%
0.2678
0.6175
0.6978
0.1398
0.6804

0.1637
0,0213
0.235%5
0.0056
0.0263
0.0705
0.0758
0.1969
0.,0344
0.,0232
0.0135
0,2907
00,0833
0.1120
0,2446
0.2387
0.2006
0.0441
0.1160
0,2197
0.5019
0.6449
0.0049
0.0379
0.0136
0.0145

0.01817
0.0662
0.3004
0.0023
0.0931
0.09¢60
0.1662
0.066¢5
0.0718
0.0419
0.0625
0.1482
0.0009

=t et b s

e
OO I UL CORN =WONOBEAOWD VI e N~ O

® & & @ 6 & 8 ¢ & o @ & 6 & o > 6 s B € & 2 e e 0

o

s
D OO LN OND ol o wdde =RV ARNSD WD WD DO TS

—
=00 CVED B = AN ON D e OV

0.0117
0.0091
0.9583
0.0C32
0.0360

0.4235
0.2152
0.3495
0.3162
0.0786
0.6014

0.0745
0.0176

0.1141 .

0.,0u32
0.0226
0.0384
0.0782
0.1446
0.0138
0.0151
0,0107
0.1722
0.0643
0.0017
0.1719
0.0705
0.1388

0.0336

0.0759
0.1320
0.3461
0.3473

0.0109

0.0246
0.0148

0.0147
0.0472
0.2399
0.0C93
0.07%2
0.0464
0.1090
0.0381
0.0623
0.0410
0.0216
0.1154
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0.0672

1.1593 -
0.0055
0.0267

0.2011 -
0.2052
0,212
0.1G606
0.0520
0.4002

0.0502
0.G136
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
0.1024

U.6144
0.0269

1.4252
0.00¢%3

‘0.0370

0.2171
0.0118
0.0739
0.0289
0.0847 -

0.0860
0.0379
0.0096
0.0636
0.0036



Garret Spcscartine [112.6) hadcom. COnnectlcut
Cechlerite [d444.6) new Fexico -

Glauconite [313.06) Sc.Lekota

Glaucoplene [426.6) Celifcrnia

Grneics vicrite |464.6) Calitornis

Gneire sillinenite-carnct [466.6) Vwarren Co., u!
Cranite Aplite [65.0) wvoulder, Coloradce :
Cranite Liotite (76.0) Ehoue 1clano

Crauite korphyry 1162.6) untario

- Cranite woesterly

ooranite hesterly a

Crenite hesterly b

Granite vecsterly C

CGranite \Westerly L

trcnite Lictite (70.6) Pikes Pecak, Cclorado
vranite |15L.6) Leckgert, hassachusetts .
Granite (244.0) Gecrgia T
Granite [24%.6]) tisconsin

Grarccicorite [23%.6) Colorado
vrarceicrite [4U5.0] van vieac, Celifornia
Grarccicrite {64.6] St.Cloua, Minnescta
. breerockite [47%.6) fennsylvania

CYLsur Alebocter [26.5) Pomala, ltaly
Lalite 1433.0} Kensas

hallcysite [226.0} Coloradc

Lhauyrite 425.0) Cermeny

tieccrberyite (1044}

bereyrite [e77.¢) Cacchcslevakia
sclucuvictite [2zvl.6]) fuckec

berrblence |[115.6) Ercveter, itew York
kel Jence fl6.€) Cnterio

rerrt lerce [177.6) were tin,, tiew York
unyrersthere [205.6) Ligex, riew York
leccresce vezuvicrite [445.6) chicc
ldcecrese |4456.0) ticlire

Ijelite (412.08) Ccloraco

JiGeite Pyrcaerc [343.6) Celifcrnia
Jeresenite [«006.6) colivia

héclirite [cl6.6) viecen, Georgla
kzolinfite {22u.6) Lath, Sc.Carclina
haclinite [223.6) t.cca Alta, New lexico
Kernite {440,0) cealifcinic

hycrite [1u7.6) henyz

Lelrecorite [105.6) Lesex, lew York
LaLrecerite [Y7.8]) Cnterio

Latraccrite 1314.€) hyoming

Lerprophyre {£0.0) rrenont, Colorado
Latite |174.6] Lutte, hontana

Laltite {175.6) Teble tn., Celifornia
Lazurite [416.6) Chile

Lepicclite [loe7.6) so. Dakcta
Lepicolite [27.5) Keystcne, So.Dakota
Lirtvrgite [237.6]) Colcrado

4,032
3.032
2.425
3.017
2.913
3.13)
2,573
2,591
2.676
2.650
2.650
2,650
2,650
2.650
2,616
2.606

T 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

3.2490
2.944

3.312

4.771
1.474
1.524
2.315
1.877

- 3.479

2.715
2.743
2.714
2.708
2.584
2.629
2.022
2.7¢4
2.891
3.016

2.36-11
4.25-11

- 3.5C-09

$.70-12
1.6E-10
2.3E‘12
J.70-11
J.6E-12
9.0L-12
J.ou-11
1.56E-11
8.8L-12
5.0[."12
l.2c-11
2.3E~11
3. 3["11
4.4E-12
1.9L-12
1.6L-11
S.6E-12

- 6,6E-12

905“‘12
¢.0E-14
2‘95-07
4.1(‘.-10
105“'00
l 3L-67
$S.5-10
3.78-12
7¢2l—10
2.16-11
6.7L-12

- 5.20-11

cﬁr—ll
2.3E-09
1.2e-10
2,1L+01
4'3E-n7
2.2L-08
2.91-08
1.9L-12
1.6€E-12
l.lB—IO

~le5L-11

1.3E-10
6.5E-11
1.8E-11
2.0E-10
4.7cC-11
2.7E-12
2,6E-12
2,3E-09
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0.0264

0,0489
0.3875
0.0501
0.3579
0.1562
0.0113
0.1354
0.0424
0.06172

0.0753

0.0740
0.0705
0.0620
0.1066
0.1159
0.1097
0.0265
0.1261
0.05%4
0.0914
0.0462
0,0833

2.6762
0.1854
0.6349
0.0160
0.2222
0.0398
0.2450
0.06E4
0.0589
0.0336
0.0966
0.4063
0.1279

5.0 1.3441

0.4190
0.5609

0,0103
0.0727
0.0668
0.0884
0.1782
0.0811
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0.0144
0.2832
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0.0145
0.0250
0.3253
0.0649
0.2355
0.0952
0,0249
0.0035
0.0350
0.c509
0.05%6
0.6583
0.0546
0.0546
0.0853
0.0595%
0.0807
0,0193

0.1225

0.0443
0.0823
0.033)
0.0306
0.0036
1.6508
0.0680
0.4948
G.6253
0.1646

0.0508 -

0.1602
0.0349
0.0662
0.0259
0.0497
0.2062
0.1111

0.£506
0.2242
0.3871

0.00%5
6.0366
0.0448
0.0442
0.1077
G.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
0.06361
0.0357

0.0325

0.0645

0.,0314 .
0.03%0

0.0198
0.0618
6.0301
0.0592
0.0242
0.0120
0.0037
0.9407
0.0306
0.3012
0.3497
0.1265
0.0531
0.1129
6,016
0.0316
0.0181
0.0226
0.1214
0.1206

0.6650

0.1577

0.3018
0.00069
0.0G96
0.0253
0.G332
0.0313
0.0763
0.0766
0.1078
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0.2575
0.2052
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0.009)
0.0083
0.2269 -
0.0526
0.0651
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
0.1630
0.2313
0.1050
0.0663
0.0145
0.1164
0.0134
0.0102

0,1165

0.5846
0.2065
0.2359

0.0195

0.0562
0.0393
0.0596
0.0029
0.1511
0.0693
0.0752



Lincetore Argillaceous [359.6) Cclorado
- Lirestere Argfllaceous [381.6) Cclcredo
Lincetene chcuilic 1353.0) Ccloraac
Limestcne Fecssgflifercus [355.6) Cclcrado
Lirectone Lithcyraphic [356.6) Germany
Linectene Travertine [357.6) New bexico
Lircetone <otk oray [352.6) Ferncylvenia
Lircrnitce |41.5) 'iuccalocsa, Alabara
Macresite §47.6) victcrville, California
talackite [28KhCC) Listee

hargenite {212.6) Linrescta

tartle Leleritic [458.6) Hew York

Mectle vink [360.08) CTolorado

hicrocline |103.6]) Crystal Fkeak, Colorado
hicrccline [l0t.6) rerth, untaric
bicrccline [151,u) Custer, Colorado
biclytcenite 1267.6) 5lat Lake City, Utah
tcrnticellite {339v.5]) lexas
Mcntrorillcenite [215.86) Upten, Vycming
ticntrcrillcpite |224,.6] Ltay, Califcrnia
bentrerillonite [229.6) Caercron, Arizona
bonzcnite torphyry (173.6A) Chaffce, Colorado
henzonite borphyry [173.6L) Chaffce, Colorado
bcnzenite periphyry [406.6) Horway
licnzenite [1%4.6) S3n Juan, Colorado
luecovite [24.5) Litinglhan Twp., Untario
tatrclite [166.6) Scringtield, Orecen:

thegbelinc Syenitc Sccalite [156.,6) Red Hill, New N

wepteline Sycnite |10U.6) Bancroft, Cntario
ticgheline tycnite |Ud.6) HcClure ktn., Cclcrado
hephrite Jede Anphitcle (296.6) Britich Colunkia
Otsidaian Llack [52.5) Lake Co., Uregen

ttsidian brown |53.5) Leke, Cregon .

" Olsicien Liown [77.6) Custer, Coloredo
Cliacclase [l43.6) torway

Ulivine khcrclite (157.6} Lutte, Hontena
Clivine [33u.6} Ccloracc

Clivinc [420.6) wachingten

urel {158.0]) Hurkelt, acvaca

Crthcclace (13.5) kugygles Mine, hew lLiarpshire
Crthecclcee |82,6) Custer, Coloradc

bectelite (20L.6) wWo.Patterecn, W

Fericctite harzkturgite (1Z28.6) Hye, Mcntana

_ Fericctite Larilurgite [427.6) ticntana
beridctite tica~avgite [(71.6] Arkanseas
Peridctite Clivine [63,6A) Jccksen, wo.Carclina
bericotite Ulivire (63.6L) vackscn, no.Carolina
Fericoetite Clivipe [63.6) Jackscn, lic.Carolina

Periuctite ryrcxenite [144.6) weleter, Nc.Carolins

Ferioctite kyrcxenite {410.€) Hc.Carolina
bPerlite {72.6) Cneffce, Cclorado
tcrthite [415.6) Fkerth, Untario

Petalite [2u9.6]) hhcdesia

2.229
2.837

‘2.51%

2.653
2,560
2.4C8

. 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
2.320
2.593
2,593
2.650
2.690
2,71
2.153
2,591
2.628
2.607

2,910 -

2,301
2.3¢7
2.314
2,569
2.696
3.204
3,306
1.890
2.550
2.567
2'508
3.254
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0.0020
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0.2163
0.,0645
0.0411
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vivianite [257.6] New Jersey
Willenite [1t2.6] kranhklin, New Jercey
tuitherite [273.6) Luglang
hollactenite [34b.6) licxico

2cicite [347.6) worwey

1.844

44502

4,262
2.621
3.101

5.6E-09
2.9L-08
‘.9[;"13
1,5E-11
2.4E~11

14.6 0.3205
11,8 0.5145
7.2 0.0168
6.8 0.0046

8.8 0.0019
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