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1 Intr oduction

Theseismo-electricmethodis anintegratedsurveying techniquefor theshallow subsurfaceof the
Earth,in whichseismicsourcesandelectromagneticreceiversareused.Althoughtheexistenceof
theseismo-electricconversionis known sincetheearly1930s[seethe review paperof Beamish
andPeart(1998)],thedevelopmentof theseismo-electricmethodhasbeengreatlyenhancedsince
thepublicationof theexperimentalwork of ThompsonandGist (1993)andthetheoreticalwork
of PrideandHaartsen(Pride,1994;PrideandHaartsen,1996;HaartsenandPride,1997). The
recentlyobtainedexperimentalresultsfor the shallow subsurfaceof the Eartharevery promis-
ing (Millar, 1995;Butleretal.,1996;Mikhailov etal.,1997;Russelletal.,1997;Zhuetal.,1999;
Beamish,1999;GaramboisandDietrich, 2000). In all thesepapersit is shown that theseismo-
electricmethodis ausefultool to characterizeparameterslikefluid contentandfluid geochemistry
in theporousEarth’s subsurface;hence,possibleapplicationsincludegroundwaterdetectionand
thedetectionof pollutantmigration.

In measurementstwo distinctseismo-electriceffectsareobserved: (i) theelectromagneticfields
that accompany the body andsurfacewavesduring their propagation(it exists only in the area
disturbedby the seismicwave and its apparentvelocity is that of a seismicwave) and (ii) the
independentlypropagatingelectromagneticwavesgeneratedby seismicwavesat interfaceswhere
thereis a contrastin themechanicaland/orelectricparameters.In this paperwe do not consider
the first seismo-electriceffect. Instead,we presentall the necessaryequationsto calculatethe
reflectionandtransmissioncoefficients(in total48coefficients)belongingto aninterfacebetween
two porousmaterials.At the endof this paperwe presentsomenumericalresultsbelongingto
a seismo-electricreflection(incident fastP-wave andreflectedelectromagneticwave) dueto a
permeability/porositycontrastor acontrastin ion concentration.

2 Electrokinetic coupling: completesetof sevenequations

Accordingto Pride(1994)theseismicandelectromagneticwave propagationin a homogeneous,
isotropicporousmediumis governedby a completesetof sevenequations.This setis obtained
by applyinganaveragingprocedureand,in thefrequency domain,thefirst two equationsof this
setaretheelectromagneticfield equationsgivenby���������
	��������������� �����������
	 �!�"�

(1)

where
�

is the electricfield,
�

themagneticfield,
�

the inducedelectriccurrentdensity,
�#

the
dielectricpermittivity of freespace,

�#�
therelative permittivity of theporousmaterial,and

�
the

magneticpermeability(for mostporousmaterials
�

is equalto themagneticpermeabilityof free
space).Notethat

�#�$�%�#&'� ()+*-, ��./���#&10 , where2 is theporosity, 354 thetortuosity,
��.

thedielectric
constantof theporefluid, and

�#&
thedielectricconstantof thesolidskeleton.



Thenext threeequationsarethemechanicalfield equationsgivenby687 � ,:9 �-;=<>0 , �@?$A & 0�BC�-D , �E?GF%0�BH��<JIK�"A & � , �LA & 0�M
N'� (2)�@? 6C7 �O�P	 Q ,SR 7 A & � R .�F%0T� �VUW��D>�E?GA & ��XY�Z?GF[�
(3)

where 6 7 is the bulk stresstensor,
U

the porefluid pressure,and
B

the unit tensor. ThedensityR 7 � 2 R .\� ,#] � 2 0 R & is thebulk density, in which R . and R & arethedensitiesof theporefluid and
solidskeleton,respectively. Thevelocity ^F��_�
	CF-�`�
	 2 , A . �aA & 0 is thefiltration velocity, whereA .

and
A &

arethewavedisplacementsin theporefluid andsolidskeleton,respectively. Wefurther
notethat

<
is theshearmodulusof theporousmaterial,whereastheBiot moduli 9 ,

D
, and

X
arerelatedto measurablequantitiesas(Biot, 1962;HaartsenandPride,1997)9 �cb . , b &!� b_d 0e� 2 b>d , b &!� b .�0b . ,#] � 2 � b>d=f
b &10e� 2 b & �Ygh/<

(4)

DY� b . , b &/� b_d 0b . ,#] � 2 � b_d+f
b &10e� 2 b & � X � b . b &b . ,#] � 2 � b>d+f
b &�0e� 2 b & � (5)

whereb & is theskeletalgrainbulk modulus,b . theporefluid bulk modulus,andb>d the“jacketed”
bulk modulusof theporousmaterial[or dry framebulk modulusasdefinedin Mavkoetal. (1998)].

After having giventheelectromagneticandmechanicalfield equations,wenotethatthecoupling
betweentheelectromagneticandmechanicalwavefieldsis expressedby thefollowing two trans-
portequations(whicharethelasttwo equationsof thecompletesetof sevenequations):�i��j/�k�ml-n��oU��o	 Q R .:A &qp � ^Fr��l��s�WtuLn��oUs�o	 Q R .:A &�p � (6)

where
j

and t arethe electricconductivity anddynamicalpermeabilityof the porousmaterial,
respectively, and

u
the shearviscosity of the porefluid. Note that the electrokineticcoupling

coefficient
l

determinesthe degreeof couplingbetweenthe seismicandelectromagneticwave
displacements.

Accordingto Johnsonetal. (1987)thedynamicpermeabilityt is givenbyt � t wvx� 		5y �{z ] �"�!| ; 		5y }�~�� with
	5yC� 2 ut  R . 354 � (7)

where t  is thesteady-statepermeability, | � ] theso-calledsimilarity parameter,
	

theangular
frequency, and

	5y
theroll-over frequency. Recently, Pride(1994)hasderivedrathercomplicated

expressionsfor thefrequency-dependentparameters
j

and
l

; however, ournumericalcalculations
show that many termsin theseexpressionshave negligible influenceon the relevant results.Of
course,in our numericalcodewe continueusingthe full expressionsfor

j
and

l
asderivedby

Pride(1994),but wenotethattherewill beanegligible changein thenumericallyobtainedresults
if onewouldusethefollowing simplifiedexpressions:j[� 2 j�.3�4 � l-� � 2 �##�1.q�354 u � ] �L� ;| 		�yG� ~��q� Q � (8)



where
j�.

is theporefluid conductivity and
�

theso-calledzeta-potential(thepotentialdropacross
theouterHelmholtzdoublelayerat the interfacebetweenthesolid skeletonandtheporefluid).
Theporefluid conductivity is relatedto thebulk ion concentrations��� asj�.���� � �\������� ����� � (9)

where ��� is the ion charge andthe positive parameter��� the ion mobility (ion drift velocity per
unit electricfield). An analyticalexpressionfor thezeta-potential

�
hasrecentlybeenderivedby

Revil et al. (1999)andthis expressionis consistentwith the empiricalrelationfor NaCl/quartz
and KCl/quartzas obtainedby Prideand Morgan(1991), i.e, with salinity

D�� �\��� � �/�
� orD�� ��� � �/�
� thisempiricalrelationis givenby
� , in mV

0=������;
�8���
  ��¡ D , in mol/liter
0
.

3 Two independentsetsof partial differential equations

At this point we restrictourselvesto a mediumconsistingof horizontalporouslayersin which
the wavespropagateonly in the ¢ - £ plane(with the positive £ -axisdirecteddownwards). It is
thereforeconvenientto apply to thecompletesetof sevenequations[shown in Eqs.(1)–(3)and
(6)] a Radontransformalongthe ¢ -axis. Consequently, thederivativeswith respectto ¢ in these
equationsarereplacedby

�¤�
	¦¥
(with horizontalslowness

¥
), whereasthederivativeswith respect

to § vanish;hence,oneobtainsthefollowing two independentsetsof partialdifferentialequations:¨¨ £�©>ª ���
	�« ª!©>ª �-�¬	 �% Q�®
Q « ��¯ ª« Q ¯ ª  Q�®
Q � ©>ª � (10)¨¨ £ ©±° ���
	�« °�©²° �-�¬	{�%´³ ® ³ « ��¯ °« Q ¯ ° ´³ ® ³ � ©²° � (11)

wherethevectors©>ª �sµK¶ 7·�¸ � 9>¹ ��º · � ^» &·�¼�½ and ©²° �LI ^» &¸ � ^¾ ¸ �!¶ 7¹ ¸ � 9 · �5º ¹ �!¶ 7¸1¸ �C�TUP� ^» &¹ N ½ (with
velocities ^A & ���¬	 A & and ^FO���
	CF

) containtheparametersthatarecontinuousacrossthe inter-
facesbetweenthehorizontalporouslayers[i.e., we apply theopen-poreboundaryconditionsof
Deresiewicz and Skalak(1963)]. In addition, the matrices  Q�®
Q and ¿³ ® ³ are squarematrices
containingonly zerosandthesystemmatrices

« ��¯ ª ,
« Q ¯ ª ,

« ��¯ ° , and
« Q ¯ ° aregivenby« ��¯ ª � v R .�l R 7 �ÁÀ#ÂÃÀ�Ä �i¥ Q <�C�ÆÅ ÂÇ � R .�l } � « Q ¯ ª � �%È ��É È � � (12)

« ��¯ ° �rÊËËËËÌ
È Í Î ~�ÏÎ ¥ n ] � Q É ÍÎ p¥Tl ~�ÏÎ Ð Î �{Å ÂÀ�Ä ¥%Ñ Q É ÏÎ � À ÃÀ#ÄTÒR .�l ¥ n ] � Q É ÍÎ p ¥ Ñ Q É ÏÎ � À ÃÀ�ÄTÒ R 7 �ÁÀ#ÂÃÀ�Ä � g ¥ Q < n ] � É ÍÎ p�V� È ¥´l R .�l

ÓÕÔÔÔÔÖ � (13)

« Q ¯ ° � ÊËËËÌ È Å�× À�ÄØ ~ À�Ä × Â È Å ÂØ ~ À�Ä × Â �Ù�R 7 R . ¥ ÈR . Ø À#ÄØ ~ À�Ä × Â È Å�× À�ÄØ ~ À�Ä × Â¥ È �É È
ÓÕÔÔÔÖ � (14)



in which theparametersÚ , R Ä , and
�

aredefinedasÚ � 9 X ��DÛQG� R Ä � u�
	 t � ���Ü��1�#�T� j�
	_Ý (15)

NotethatHaartsenandPride(1997)alsoobtainedthetwo independentsetsof differentialequa-
tionsgivenby Eqs.(10) and(11); however, sincethey usethevectors©>ª � µ » &· �¦¶ 7·�¸ � 9²¹ �5º · ¼�½
and ©²° �LI » &¹ � » &¸ � ¾ ¸ �!¶ 7¹ ¸ �¦¶ 7¸1¸ �C�TUP� 9 · �5º ¹ N ½ insteadof theonesgivenbefore,theirexpressions
for thematrices

« ª and
« ° aremorecomplicatedthantheonesgivenin thispaper.

4 Coupling betweenSH-wavesand TE-waves

Whenahorizontallypolarizedshearwave(SH-mode)propagatesin the ¢ - £ plane,its propagation
is not coupledto theotherthreeseismicwavefields(thefastandslow P-wavesandthevertically
polarizedshearwave); however, the SH-wave generateselectriccurrentsin the § -directionand
thesecurrentscoupleto theelectromagneticwavefieldwith transverseelectricpolarization(TE-
mode). As alreadyshown by HaartsenandPride(1997)this SHTE-couplingis representedby
the setof differentialequationsgiven by Eq. (10). The systemmatrix

« ª in Eq. (10) canbe
usedto determinethevelocitiesof theSH-wave andTE-wave in a homogeneousporouslayerby
consideringthecaseof a horizontallypropagatingwave with velocity Þ � ] f ¥ . For this specific
casetheleft handsideof Eq.(10)becomeszero(i.e.,thereis no £ -dependency) andthenon-trivial
solution for the resultinglinear setof equationsis the one for which the determinant� « ª � �� « ��¯ ª �G� « Q ¯ ª � vanishes.Consequently, since � « Q ¯ ª �²ß� È , onesimply hasto find a horizontal
slowness

¥a� ] f Þ for which � « ��¯ ª � is zero,i.e.,onefinds(PrideandHaartsen,1996);Þ Q � R 7 � R Q. f R¬à< �����âá ã R 7 � R Q. f R¬à< �����/ä Q � g � R Q. l Q< �
(16)

wheretheplussignis associatedwith thevelocityof theSH-wave (denotedby Þ & ) andtheminus
signwith thevelocityof theTE-wave(denotedby Þ+åçæ ).

Thewavefield representedby vector ©>ª in Eq.(10)is decomposed(for arbitrary
¥
) in downgoing

andupgoingwavefieldsby usingthetransformation©>ª �{è ª/éêª , wherematrix
è ª containsthe

eigenvectorsof matrix
« ª . By usingtheresultsof PrideandHaartsen(1996),wefind thatmatrixè ª is givenby

è ª ���
	�Iìë´í& �!ë´íåçæ �¦ë ~& �!ë ~åçæ N'� in which

ë´îï � ÊËËËÌ"ð � ï
<á � ï
ñòï��� ñòï]
Ó ÔÔÔÖ with ñòï � l R Ä , <Ü� R 7 Þ Qï 0, � � R Ä l Q 0�� R . Þ Qï � R . � where � ��ó s,emôòÝ (17)

Here, � ï representsthe two vertical slownessesbelongingto the SH-wave andTE-wave [with¥ Q � � Qï � ] f Þ Qï and õ�ö , � ï 0e÷ È ]. Note that
á � ï aretheeigenvaluesof

« ª ; hence,by combining
Eq. (10) with the relation

è ~��ª « ª è ª � diag
Iø� � &ù�ú� ��åçæ � � &#� ��åçæ N onefinds in a homogeneous

porouslayer

éaª � � é íªé ~ª � with é íª � �Æû í&ýü5þ�ÿ�� , ���
	 � & £ 0û í� å þ�ÿ�� , �¤�
	 ��åçæC£ 0e� and é ~ª � �Æû ~&ýü5þ�ÿ�� , �
	 � & £ 0û ~� å þ�ÿ�� , �
	 ��åSæ�£ 0/� � (18)

where é íª and é ~ª arethedowngoingandtheupgoingwavefield,respectively. Notethat û í&ýü , û í� å ,û ~& ü , and û ~� å aredisplacementamplitudeswith dimension“meter”.



5 Coupling betweenfast and slow P-waves,SV-waves,and TM-waves

Whena fastP-wave, slow P-wave, or a vertically polarizedshearwave (SV-mode)propagatesin
the ¢ - £ plane,it generateselectriccurrentsin the ¢ - £ planeandthesecurrentscoupleto theelec-
tromagneticwavefieldwith transversemagneticpolarization(TM-mode).ThisPSVTM-coupling
is representedby the setof differentialequationsgivenby Eq. (11) (HaartsenandPride,1997).
Similarly to theSHTE-casein theprevioussection,thesystemmatrix

« ° in Eq.(11)canbeused
to determinethevelocitiesof thefastandslow P-waves,SV-waveandTM-wave: find ahorizontal
slowness

¥"� ] f Þ for which � « ��¯ ° � � « Q ¯ ° � � È . As expected,thesolutionfor � « Q ¯ ° � � È results
in velocitiesfor theSV-waveandTM-waveasgivenin Eq.(16), in whichtheplusandminussign
areassociatedwith the SV-wave ( Þ & ) andTM-wave ( Þ åçæ ), respectively. On the otherhand,the
solutionfor � « ��¯ ° � � È resultsin (PrideandHaartsen,1996);Þ Q ��� á � Q � gÚ ã � R Ä R 7� � R Ä l Q � R Q. ä with

�â� R 7 X Ú � � R Ä� � R Ä l Q 9 Ú �-; R . DÚ � (19)

wherethe smallest � Þ!� (in mostcasesassociatedwith the plus sign) is the velocity of the slow
P-wave (denotedby Þ�� & ) andthelargestoneis thevelocityof thefastP-wave (denotedby Þ�� . ).
Similarly to theSHTE-casein theprevioussection,thevector ©²° in Eq. (11) is transformedas©²° �Eè °!éê° , wherematrix

è ° containsthe eigenvectorsof matrix
« ° . By usingthe results

of PrideandHaartsen(1996),we find that
è ° ���¬	 µ	� í� . � � í� & � � í& � � íåSæ � � ~� . � � ~� & � � ~& � � ~åçæ ¼ , in

which

� î
 � ÊËËËËËËËËËËËËÌ

á � 
 Þ 
á � 
 Þ 
Cñ�

ð
;�¥ � 
 Þ 
 <È� , ¥ Þ 
 ñ�
 R Ä l 0 f , �C� R Ä l Q 0, ;
< ¥ Q Þ Q
 � 9 � ñ�
 D²0 f Þ 
� , DÆ� ñ�
 XW0 f Þ 
¥ Þ 


ÓÕÔÔÔÔÔÔÔÔÔÔÔÔÖ
� � îï � ÊËËËËËËËËËËËËÌ

áP¥ Þ ïáP¥ , <Ü� R 7 Þ Qï 0 f , Þ ï R .�0á Þ ï , � Qï ��¥ Q 01<á ñòï f Þ ï� � ï Þ ï+ñòï�V;�¥ � ï Þ ï <È� � ï Þ ï

ÓÕÔÔÔÔÔÔÔÔÔÔÔÔÖ
�

(20)

whereñòï is definedin Eq.(17),whereasñ�
 is definedasñ�
 � 9 � R 7 Þ Q
R . Þ Q
 ��D with  ��ó
pf, psôòÝ (21)

Here, � ï and � 
 representthefour verticalslownessesbelongingto theSV-wave,TM-wave, fast
P-wave andslow P-wave [

¥ Q � � Qï � ] f Þ Qï and õ�ö , � ï 0T÷ È ; ¥ Q � � Q
 � ] f Þ Q
 and õ�ö , � 
 0�� È ]. Note
that

á � ï and
á � 
 are the eigenvaluesof

« ° ; hence,by combiningEq. (11) with the relationè ~��° « ° è ° � diag
Iø� ��� .���� ��� &ù�¤� � &���� ��åçæ � ��� .#� ��� &#� � &�� ��åçæ N onefindsin a homogeneousporous

layer

é ° �O� é í°é ~° � with é í° � ÊËËËÌ û í� . þ�ÿ�� , ���
	 ��� . £ 0û í� & þ�ÿ�� , ���
	 ��� & £ 0û í&�� þ�ÿ�� , �¤�
	 � & £ 0û í� æ þ�ÿ�� , �¤�
	 ��åSæH£ 0
Ó ÔÔÔÖ and é ~° � ÊËËËÌ û ~� . þ�ÿ�� , �
	 ��� . £ 0û ~� & þ�ÿ�� , �
	 ��� & £ 0û ~&�� þ�ÿ�� , �
	 � & £ 0û ~� æ þ�ÿ�� , �
	 ��åSæH£ 0

Ó ÔÔÔÖ Ý (22)

Again, theparametersû í� . , ÝGÝGÝ , û ~� æ in thedowngoingandupgoingwavefields( é í° and é ~° ) are
displacementamplitudeswith dimension“meter”.



6 Reflectionand transmissioncoefficients

The resultsobtainedso far areusedto calculatethe reflectionandtransmissioncoefficientsbe-
longingto aninterface(atdepth£ � È ) betweentwo poroushalf-spaces.Thevectors©²ª ��è ªeéêª
and ©²° �%è °¦é ° arecontinuousacrossthis interface,sooneobtainsè ª ¯ � � é íª ¯ �é ~ª ¯ � � �Üè ª ¯ � � é íª ¯ � Q�® � � � è ° ¯ � � é í° ¯ �é ~° ¯ � � �Üè ° ¯ � � é í° ¯ �¿³ ® � � � (23)

where  Q�® � and ¿³ ® � arevectorscontainingonly zerosandthe subscripts� and � refer to the
upperandlower half-space,respectively. We further notethat (i) the incidentwavefield ( é íª ¯ �and é í° ¯ � ) is a downgoingone in the upperhalf-space,(ii) the reflectedwavefield ( é ~ª ¯ � andé ~° ¯ � ) is anupgoingonein theupperhalf-space,(iii) thetransmittedwavefield( é íª ¯ � and é í° ¯ � )is adowngoingonein thelowerhalf-space,and(iv) theupgoingwavefieldin thelowerhalf-space
( é ~ª ¯ � and é ~° ¯ � ) is setto zero.Consequently, thereflectionandtransmissionmatrices� ª , � ª ,
� ° , and � ° arerelatedto theincidentandreflectedor transmittedwavefieldsasé ~ª ¯ � � � ª�é íª ¯ � � é íª ¯ � � � ªeé íª ¯ � � (24)

é ~° ¯ � � � °¦é í° ¯ � � é í° ¯ � � � °¦é í° ¯ � Ý (25)

By combiningEqs.(23),(24),and(25) in anappropriatewayweobtain� � ~��ª� ª � ~��ª � �Üè ~��ª ¯ � è ª ¯ � � B Q�®
Q Q�®
Q � � (26)

� � ~��°� ° � ~��° � ��è ~��° ¯ � è ° ¯ � � B ³ ® ³¿³ ® ³ � � (27)

where
B Q�®
Q and

B ³ ® ³ areidentitymatrices.Notethatthematrices� ª , � ª , � ° , and � ° containthe
reflectionandtransmissioncoefficientsbelongingto theinterfacebetweentwo poroushalf-spaces
(in total48coefficients).For instance,thereflectionmatrix � ° relatestheincidentwavefieldwith
thereflectedwavefieldas

ÊËËËËËËÌ
û ~� .û ~� &û ~&��û ~� æ

ÓÕÔÔÔÔÔÔÖ
� ��� �

Reflectedwavefield

� ÊËËËËËËÌ
 � .� .  � .� &  � .&��  � .� æ � &� .  � &� &  � &&��  � &� æ &��� .  &��� &  &��&��  &��� æ � æ� .  � æ� &  � æ&��  � æ� æ

ÓÕÔÔÔÔÔÔÖ
� ��� �

Reflectioncoefficients

ÊËËËËËËÌ
û í� .û í� &û í&��û í� æ

ÓÕÔÔÔÔÔÔÖ
� ��� �

Incidentwavefield

(28)

where,e.g.,thecoefficient
 � æ� . correspondsto anincidentfastP-waveanda reflectedTM-wave.

7 Permeability/porosity contrast and contrast in ion concentration

To illustratetheanalyticalresultsobtainedsofar, we now considerthereflectioncoefficient
 � æ� .

belongingto aninterfacebetweentwo nearlyidenticalporoushalf-spaces,i.e., they differ only in
(i) permeabilityandporosityor (ii) ion concentrationin the pores.Both poroushalf-spacesare



characterizedby b &�� g È GPa, b>d � g GPa,
<�� h

GPa, R &��m;"! È¬È kgm ~ # , �#&�� g , and 354 �Ù; ,
andthe porefluids consistof Na

í
andCl ~ ions dissolved in water ( b .��{; Ý ; GPa, R .�� ] È
È¬È

kgm ~ # , u � È Ý È
È ] Pas, � ��� �%$ Ý ; ] È ~ & m
Q
s~�� V ~�� , ���
� �'! Ý)( ] È ~ & m

Q
s~�� V ~�� , and

��.���� È ). An
incidentfastP-wave is convertedin a reflectedTM-wave with propagationvelocity Þ åçæ ¯ � dueto
a permeability/porositycontrast(seeFig. 1a)or anion concentrationcontrast(seeFig. 1b). Note
that in both poroushalf-spacesthe permeability t  andporosity 2 arerelatedto eachotherast +* 2 # [Kozeny-Carmanrelation(Mavko etal., 1998)].

By usingEqs.(27)and(28)thereflectioncoefficient
 � æ� . is calculatedasafunctionof thehorizon-

tal slowness
¥

timesvelocity � Þ+åçæ ¯ � � . Theregion È ÷Û¥ � Þ åçæ ¯ � � ÷ ] correspondsto reflectionangles
fromzerotoninetydegreesandfor

¥ � Þ åSæ ¯ � �-, ] thereflectedTM-wavebecomesevanescent.Since� Þ åçæ ¯ � � is muchlarger thanthe incidentfastP-wave velocity � Þ�� . ¯ � � , theregion È ÷ê¥ � Þ åSæ ¯ � � ÷ ]alsocorrespondsto very small incidentangles(muchsmallerthanonedegree);althoughexact
normalincidencedoesnot resultin seismo-electricreflection,thenon-evanescentreflectedTM-
wavescomeonly into existenceat very smalldeviationsof this exactnormalincidence.In many
paperson seismo-electricreflectionin near-surfaceexperimentsit is shown that contrastsas in
Fig. 1 resultin ameasurableresponse(aftersomesignalprocessingto improvethesignalto noise
ratio). The currentavailability of the reflectioncoefficient

 � æ� . (andall the othercoefficients)
is especiallyuseful to acquiremorephysicalinsight in the dependenciesof the seismo-electric
reflectionon themany possiblecontrastsat interfacesbetweentwo porousmaterials.

8 Concluding remarks

Thework presentedin thispapercanbeseenasanextensionof thetheoreticalwork of Prideand
Haartsen(Pride,1994;PrideandHaartsen,1996;HaartsenandPride,1997).Startingwith Biot’s
equationscoupledto Maxwell’s equationswe finally arriveatexpressionsgivenby Eqs.(26) and
(27) thatcanbeusedto calculatethereflectionandtransmissioncoefficientsbelongingto anin-
terfacebetweentwo porousmedia.In ourcurrentresearchwearemainly interestedin theseismo-
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Figure1: IncomingfastP-waveandreflectedTM-wavewith velocity Þ+åçæ ¯ � ( . �ê	 f ;�/ � ] È
È Hz):
the reflectioncoefficient

 � æ� . asa function of the horizontalslowness
¥

timesvelocity � Þ+åçæ ¯ � � .In upperporoushalf-space:salinity
Dr� ����� � �e�¬� � ] È ~ 0 mol/liter, porosity 2 � È Ý ; , and

permeabilityt �� È Ý ] � Darcy. In lower poroushalf-space:(a) 2 � È Ý h and t �� È Ý $ g Darcy (solid
line) and 2 � È Ý g and t e� ] Ý ;
� Darcy (dashedline) with

DJ� ] È ~ 0 mol/liter and(b)
DJ� ] È ~ 1mol/liter (solid line) and

D�� ] È ~ ³ mol/liter (dashedline) with 2 � È Ý ; and t =� È Ý ] � Darcy.



electric reflection
 � æ� . : an incident fast P-wave converts into a reflectedTM-wave. By using

theanalyticalresultspresentedin this paperit is now possibleto acquirea goodphysicalunder-
standingof thedependenciesof

 � æ� . on themany possiblecontrastsat interfacesbetweenporous
materials.A lot of researchstill hasto bedone,but theresultsobtainedby many researchersso
far make clearthat the seismo-electricmethodhasthe potentialto imagepermeability/porosity
contrastsand/orion concentrationcontrastsin theshallow subsurfaceof theEarth.
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