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Table I Dielectric Constants of Minerals

it &
I El| w5 : X W
g’ e"

BRTERI Y 3.75—781 4.15— 20.0 0.025— 0.384 3.725— 5.894
A 6.00—450 4.44—600 0.025—90.0 4.567—15.304
e=fid] 4.50—173 4.17—150 0.025— 4.04 1.712—10.3(8
4 ) 4.39— 12.3 5.37— 18.0 0.025— 0.110 1.764— 5.108
fERER 4.30— 25.4 3.58— 24.8 0.025— 0.901 2.170— 4.219
EFH 4.90— 26.8 3.84— 44.0 0.025— 0.365 1.774— 5.827

e AR (S10°Hz) B lRE R [1-51; REBBESAEERN,
oIS 63, 3% & = N* HHE R UTERMWA L.

2.5%8

SIABRHR IR [8—10]

B BT R RO TR BRI KRET, RICBAS B R L, MR
M F i Bk, o Fl e MR B MRN, X 5 E TR TT Wkt s 1k
H R — B, IRE £ 75 Fh i Si, K, Na B4 Fe, Mg, Mn, Ti, Ca (MR TIR/NG K
BRAER MRS LR AT MENET ¢ Me' & LMAT M N E G ¢ Me Ko I
FUATNLS B A B B M S R B L H 0 4, T ES R BRI

RABERRLM, & 2 HFEEEAHLNE,

%2 FESOHRCETBER

Table 2 Microwave Dijelectric Constants of Some Rocks

HARLIK 8" AEfLHEE &' EHE 8" LA 8" XA
S B 3.76—7.99 5.65 0.024—0.534 0.142
o 3.58—7.46 5.27 0.020—0.387 0.109
Bk 2 3,45—5,97 4.64 0.020—0.322 0.050
T 3.96-—5.08 4.46 0.020—0.141 0.103
B - 3.94—7.01 5.04 0.020—0.378 0.066
®oO® 6.02—8.53 6.91 0.020—0.148 0.032
BRRE 4.30—5.89 5.50 0.,020—0.185 0.073
A 5.22—8.15 6.52 0.020—0.163 0.041
B 5.68-—8.62 7.18 0.023—0.488 0.117
R o® 4.34—5.92 5.39 0.026—0.286 0.111
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Fig. 1 Dielectric Chromatic Dispersion of Some Minerals
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Fig. 2 Dielectric Chromatic Dispersion of Some Rocks

A Basalt; X andesites m slate; -+ granite & shale; © .imestomes
A dolomite; O quartzite.
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Table 3 Low frequency Dielectric Constants of Some Minerals with
Structure water

T aR 4 F R &’ IR/ S s F R &’
=K4E5] Al(OH), 8.4 BEER, Cu$O0, - 5H,0 6.50
KA Mg(OH), 8.6 BEIR, ZnS0, - 7H,0 6.20
BILEA| CuSio,-2H,0 13.1 B Fe,(PO,), - 8H,0 6.07—7.7
WSSl  CaBSiO, - OH 7.2—7.5 || @@ER | Ca,B0,, - 5H,0 12.5—13.5
KEESEL| Cay(SiO, - OH) - 2H,0 9.2 MWMYUEFR | NaCa[B,0,(0H),]- 6H,0 5.8
BEn Al1,8i,0,(0H), - 2H,0 7.9 mik Na,B,0, - 4H,0 5.3
EFIE Mg$O, - 7H,0 5.46 bas Niy(AsO,),  8H,0 5.5—6.6

#4 NARRERT DORGEMTEER
Table 4 Microwave Dielectric Constants of Several Groups of
Homomorphic Minerals

a7} SFR | BFK = | B afr® 1/6* & 8"
EBY MgCO, | = Dé{y—R;, 0.240 1.7241 6.65 0.030
WNE CaCoO, | = Dty—Rs, 0.440 1.5468 7.90 0.030
-1 ZnCo, | = Dés—Ra. 1.4797 | 10.40 0.030
e 33 FeCO, | = D§;—Ry, 1.3847 9.97 0.043
E3-fon cdco, | = D§;—R,, 0.88 1.3348

=R MnCO, | = §4—R,, 1.2101 13.80 0.050
% A CaCO, | #1% D —Poca 0.440 1.5468 8.31 0.036
BEL BaCO, | #iJ DY —Pocn 0.579 1.3952 8.95 0.040
=L PbCO, #17% DY —Paa 1.89 1.1788 | 21.1 0.030
N KCl Rvagil O} —Fism 0.382 | 2.6933 5.73 0.046
E & NaCl I 0% —F nsm 1.2477 6.33 0.033
HERF PbS I FH 0} —Fpnam 1.89 1.3168 | 71.6 0.43
- = $n0, utlya D1 —P4,/mom 0.3354 | 81.7 0.033
&a9h TiO, jutly7] D1t —P4,/mnm 1.04 0.3023 | 100 0.040

PR ofP—HFHBLE; 1/0—ReHm;0="(12), =/
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Zoor—— B T ERBH S ERIZLS reo 7 DIHPERTFEB. 0 B—ARENCYETFENEH
1/6 5REEEBIFHIRBERAR"
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RS RBRRERE, NESHEZ AAFERERL, XEF2ENBER
RELL, £ 5 TR BEREHTX—Ko
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Table 5 Microwave Dielectric Constants of Some lsomorphiec Minerals

re

B L7] 4 F R 8’ &

BE CaF, 7.08—9.10 0.089—0.108
ER (Ca.Y)(F.0O), 17.95 0.11
SERMA Mg,SiO, 7.00 0.067
BERRA (Mg.Fe),810, 8.36 0.104
A Fe,Si0, 12.33 0,130

£6 FHTREHFTRALEHTBEL

Table 6 Dielectric Constant of Some Minerals in Different structural Orientations

W9 HEHITR f(Hz) & 7] ] f(Hz) s’
BIKA 1 3% 100 9.50 UEA 1L 104 13.27
b 7.41 11 6% 11.28
HRA 1 33k 104 8.5 &R 11a 10¢ 86
1365 8.0 11b 170
BEE ] 108 8.0 X A 11a 108 6.46
i35 6.8 11b 9.72
BEA 1 3% 104 7.10 SFRA 1la 10 7.60
13¢5 6.30 - 1lc 15.30
Exn 1 et 104 8.6 roll 11b 108 12.0
4 10.55 ilc 5.4
%7 BREFTDANFRTBER
Table 7 Microwave Dielectric Constants of Some Polymorphic Minerals
I FFR B R et S RFFIE g’ &
SRla hv ) OL—Fasm 5.40 0.030
- c . D1y —P6, /mme ZREARETRABRR =200 _
&ah D}{—P4,/mnm 10.0 0.040
- TiO, M5 D3 —14,/amd EHERARETFRAIER 2. 0176
AR Fe,0, 5 0%} —F g3 SRR, WA 99,8 0.23
CAREA =% Di—R3c | TRAEARR 20.6—55.2)0.40—4.0%

(1) H—F#HAES RGBT ERTHOHIMBRNER, EAREEHE AR

(% 6)o

(2) RREKV Y, BATEHEBRETRABNAE, EMUEARNMEER (&

7o
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3) RERBNY MSLBET ., FEATFH, NN EERNN G RE—RELL
BRo RO TRMAILN BT WFERTTE, BIIH 8 BN b R R K.
SRR EWRAHT Y, MESERRSOMIN, R e’ R e MRBHKR (&
8)o

8 JLEWLDT MER BB

Table 8 Microwave Dielectric Constants of Some Sulfide Minerals

o9 AFR ©(2/cm) P(g)* &’ ‘ 8"
B AsS 1011—10% 17.194 6.58 0.028
BB Hgs 10°—101 16.8 0.028
BWILRF - | Ag,AsS, 10 22.4 0.033
By Sb, S, 10-2—102 15.978 49.0 0.098
EE Bi, S 3.0—5.7%10? 15.498 62.8 0.33
kit PbS 2.0—3%10¢ 14,270 71.8 0.43
g Cu,S(Fe,Cu)$ 8% 1072 —1.6%X107¢ 92.5 0.62
BEy CuFeS, 8.3—3.0%10~* 99.9 0.53
S Cu,S 4,2%102—5% 10— . 13.785 313.1 1.50

*AEBREE ¢()=2 ;i‘ +18(Ax — 0.7)° — 8.0; Ar—AEBTRABNEME, n—RKFHESK

2o ¢(g) AN &BMBABR

5. 8 ,
H—#iRer, WREERH, 2EARARNMNBEER BlafEE #k £ Olhoeft
(198 REESINWERE X RENN BB o NEEE 4 ZRHXARN
Ing’ = 0.839 + 0.5424 (4)
HAERARE 0.94 (E 3), BEEHNRT NS EENMEAREZ QARFEELENE

2 et h } b 3 [l 1 1
S 0. 1.0 1 %0 2.5 3.0

B3 BEREZRENNMEERMBENXR

Fig. 3 'The Dielectric Constants of Hawaii Basalt as a Function of the Density
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Table 9 Dielectric Constants and Specific gravity of Some Minerals

T ? % F R b B I e e e
Jwha Na,Al,(Si0;5)Cl 2.30 8.1 5.59
kA ALL(OH),|8i,0,] 2.65 9,4—13.7 11.24

yoF 2 5i0, 2.65 4.5—5.2 4.17—4.53
aER A),5i0, 3.15 5.4—11.0 11.83

e AsS 3.56 6.0—7.0 6.58
Biep Tio, 3.90 42.5 42.6
ET FeCO, 3.96 8.0—9.3 9.97
y:lia CuFeS, 4.20 >81 99.9
S $b,S, 4.60 11.2—49 49.0
BEy Cds$ 4.95 9.35 18.75
BB Ag,SbS, 5.60 16.5 22.4
BHy Cu,S 5.70 >81 313.0
FESLT- Bi,S, 6.78 18.2—45.2 62.8
Ras Pb;(VO,),Ci 6.88 31.2
Eap FeWO, 7.5 12.0—14.0 18.8
FHE PbS 7.5 205 71.8
Bl Hg$ 8.1 10.9—20.0 16.8
6. TRIZE

B4 A R T2 AN E R R VR, B —8 P AT EE AR B R E v R fEE X
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BEFHER e M C/H BRA

Fig. 4 Plot of &'vs. C/H for Bitumen
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EEe—, NS EMNAEE RENREMNGRE, MEdtRbERTiESE L, Tk
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Table 10 Miecrowave Dielectric Constants of Hematite

* R oo g’ g KR [l | 8 e
MmEIR % 20.6 0.40 R FLERE 39.1 1.03
maEHR REE=ZTIE 37.2 0.53 R B 46.2 0.60
iR TR 2 37.1 2.03 Beip 52.2 4.04

=, EMBERTIIEY

PO B RIS E R R B B & K M R, TIRERE T, X0 & 5K H
PO B % 51 3 e FIMIKIREE T Frek o ,
Tp=eT (6)
IR BAFE , W — AR S R AR A% B A B R B RTE R ERE
W T SRIERRAIM K, EHR 5 S T ErRIE, WA

"(h,b =1— R(ha ﬂ) , (7)
(hy v) FRABACIRE, LA HE RE[H Fresnel RHARBANS H:
R(h) == C?Sz — \/_____25
cos@ + A/ & — sin
, (8
R == Ecosf — A€ — sinza‘z
vy =~ e —
cos@ + \/e — sin?

R 6 HAG ;6 = +is”o BLTAL SEBMONBERRREEORERES
ROEERE. & 5 %A LR %R AE A% 508 B LR B R i b
S S R

S TF— MR RN R P GRS

a=—‘/ [\/1+ es z_ 9
,5“=Zf\/—2—'[\/1+<%>2+1] | (10)

8= 1/a

T=17+if (b
R a—FRER; s—EBEH; 6—FBRE; v—EBEH. X, K1
A SR AR R T R T B R R B R, (6) RE] (11) AR—HBERAK,
BIEATEA LR EENEY, STHMNBEMAY, £ -ENEE, ARZENELE
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Fig. 5 Microwave Emissivity Curves of Some Geological samples

(1) Basalty (2) limestone; (3) Granite-gneiss; (4) Jron ores (5) desert sands
(6) Violet soil; (7) lateritic soil; (8) Surface water; (9) asphalt road surface.
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Fig. 6 The Grayscale Values of the SIR-A Image (G) as a Function of the Dielectric
Constants of Soils (Real Part &" and Imeginary Part &)
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Dielectric Properties of Minerals and Rocks and Their

Application in Remote Sensing

Xiao Jinkai

(Guiyang [nsiiture of Geockemistry, Academia Sinica)

Abstract

On the basis of laboratory measured results, dielectric properties of various types of mine-
rals and rocks were summarized in this paper. At microwave band the difference in € of mine-
rals may be as great as two orders of magnitude and £, 4 orders of magnitude. At low
frequency the difference is more obvious. Sulfides show most remarkable variations in € and
g”, followed by oxides. In igneous rocks, either intrusive or extrusive, & and £’ tend to
decrease gradually from ultrabasic-basic to intermediate-acidic rocks. Vartations in & and &7
of metamorphic and sedimentary rocks are more complicated then those of igneous rocks.

Experiments have shown that the structure water in a mineral there is Jittle effect on its
dielectric constant. The correlation between £'and absorbed water is represented by £" =g fe/s*

Differences in ion type, ion radius, ion polarizability may cause regular variations in & and
£’. Crystal structure orieutation, coordinate-number of atoms, bond, type, density, metamorphic
degree, and geological occurrence of a mineral also have great influence on its dielectric
properties.

Application of dielectric constants to microwave remote sensing were analized. There
exists an evident correlativity between the brightness temperature of objects and the greyscale
value of the SIR-A image and the complex dielectric constants of rocks or sails (real part

¢ and imaginary €7).



