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Geothermal extraction from porous rocks - revisited  
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Figure 1 Schematic representation of temperature condition 
in bore hole immediately after drilling. Gretener 1981 
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Figure 2 Restoration of thermal equilibrium and Horner plot. 
Gretener 1981 
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Figure 3 Surface Heat Flow map of Exmouth Plateau, (Swift 
1991). Dash line is section in Figure 4. 
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Figure 4 Subsurface temperature and fluid flow solution for 
Exmouth Plateau, Swift 1991 
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@,4()($(-)*-4*$.,*A&2',(1.*B"/<,%*A&*&#L**

!"#M*%!"
>
&'$)?1#2#

?.,%,*$)#(#*$.,*>,%$(5&'*$,/;,%&$"%,*1%&@(,)$*->,%*
$.,*.,(1.$*?# D#,,*B-$&$(-)*I* 4-%* $.,*@,4()($(-)* -4*
$.,* -$.,%* >&%(&<',#KP* B&$"%&'* 5-)>,5$(-)* -55"%#*
?.,)*$.,*!"#@,#5%(<()1*$.,*#2#$,/*,G5,,@#*!"@#
4-%* &* .-/-1,)-"#* /,@("/* !"@# M* A%

>
3# :)* $.,*

1,-'-1(5&'*,)>(%-)/,)$*$.,*>&'",*-4*'$)?#(#*/-%,*
-4$,)* $.&)* )-$* $--* #/&''* 4-%* !"# \* !"@# &)@* #-*
)&$"%&'* D4-%5,@K* 5-)>,5$(-)* .&#* .(#$-%(5&''2* )-$*
<,,)* 5-)#(@,%,@* &#* <,()1* &* ?(@,* #;%,&@*
;.,)-/,)&P* !#* @,/-)#$%&$,@* &<->,H* $.,%,* &%,*
5-)>,5$(>,*#2#$,/#*;-##(<',*?.,%,*5-)#(@,%&$(-)*
(#*1(>,)*$-*.-%(=-)$&'*$,/;,%&$"%,*1%&@(,)$#**

E-%-?($=* * ,$* &'* 677J* %,;-%$* >&'",#* -4*A&3* ()* $.,*
%&)1,*T6*$-*IJT*4-%*$.,*-)#.-%,*],%$.*^&#()P*&)@*
(/;'2* /&)(4,#$,@* 5-)>,5$(-)H* &'$.-"1.* )-$*
/-@,'',@P*:$*(#*#"#;,5$,@*$.,*A&2',(1.*5%($,%(-)*&)*
()&;;%-;%(&$,* &;;%-&5.H* .-?,>,%* $.,* >&%(&$(-)* ()*
$.,* /&;;,@* $.,%/&'* 1%&@(,)$* (#* 5-)#(#$,)$* 4-%*
;-%,* 4'"(@* 4'-?P* O.,* ")@,%'2()1* ()&;;'(5&<('($2* -4*
&;;'2()1* 5'&##(5* 5-)>,5$(-)* $.,-%2* $-* )&$"%&'*
5-)>,5$(-)*()*$.,*1,-'-1(5&'*,)>(%-)/,)$*(#*$.&$*($*
4&('#*$-*$&F,*&)2*&55-")$*-4*.-%(=-)$&'*$,/;,%&$"%,*
1%&@(,)$#P**

E-$*?&$,%*,G;"'#(-)* 4%-/*1,2#,%#*@,%(>,#* 4%-/*&*
.(1.*,)$%-;2*#2#$,/*?.,%,* $.,*A&2',(1.*5%($,%(-)*
!"@* @-,#* &;;'2P* :)* $.(#* ()#$&)5,* $.,* 4'"(@* 4'-?* (#*
?($.()*4%&5$"%,#H*&*#5.,/&$(5*(#*#.-?)*()**R(1"%,*S*
<,'-?P* O.,* /,5.&)(#/#* -4* 1,2#,%#* &%,*
%,&#-)&<',*?,''* ")@,%#$--@H* #,,*_"*&)@*Z&$#-)*
D677SK* 4-%* $.,* /-#$* %,5,)$* %,>(,?P* O.,*
4")@&/,)$&'* @2)&/(5#* &%,L* D&K* @"&'* ?&$,%* ()4'"GH*
.-$*&)@*5-'@P*()$-*&*%,#,%>-(%H*D<K*&*.,&$()1*#2#$,/*
$-*<%()1*$.,*?&$,%*/(G*$-*$.,*<-('H*D5K*#$,&/*$-*<,*
'(<,%&$,@H* D$.,* ;.&#,* 5.&)1,* &'$,%#* $.,* ;%,##"%,*
,)>(%-)/,)$* $-* '(<,%&$,* /-%,* #$,&/* &)@* /-%,*
>(-',)$*/->,/,)$*()*$.,*<-('()1*?&$,%KP*O.,*#$,&/*
&)@* ,)$%&(),@* .-$* ?&$,%* /->,* ";* $-* &* '-?,%*
;%,##"%,*,)>(%-)/,)$P**

:)* $,%/#* -4* ,G;'-($&$(-)* -4* 1,2#,%#H* &*
1,),%&'(#&$(-)* (#* $.&$* ($* $&F,#*&<-"$*I* $-)),V.%*-4*
>,%2* .-$* ?&$,%* ")@,%1-()1* * 4'&#.()1* $-* 1,),%&$,*
IWZ*-4*,),%12P*
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Figure 5 Schematic of geyser 

:&$,%*.&#*&*#;,5(4(5*.,&$*-4*&<-"$*9677*=>?1@*A*-%*
BABC*DE.%>?1@*-%*BBC7*:E.%>$-)),*3*#-*&*$"%<(),*
$,/;,%&$"%,* F%-;* -4* 6G7* $-* 87* F,1%,,#* 1(H,#**
7ABC6I:E.%*4-%*&*D&$,%*#2#$,/A*J-%*&*#$,&/*4'&#.*
$.,* .,&$* 5-)$,)$* (#* .(1.,%* &$* * 6KB77K777* L>?1@* * M*
G77*$(/,#*.(1.,%N**-%**OB*I:E.%*;,%*$-)),A*P.(#*(#*
,&#('2*&5.(,H,F*D($.*&)*,44(5(,)52*-4*#&2*6QA*

R-D* (#* ($*;-##(<',* $-*1,$* $-)),>.%*-4*.-$*D&$,%* $-*
1,),%&$,* BI:* ()* &* ;-%-"#* #2#$,/S* P.,* ?,2*
%,T"(%,/,)$* (#* $.,* * .,&$()1* #2#$,/A* P.,*
,##,)$(&'#*-4*$.,*1,2#,%*#2#$,/*&%,*#,,)*$-*,U(#$*
()*F,,;*;-%,*4'"(F*5-)H,5$(H,*#2#$,/#V*.-$*,)-"1.*
$-*<-('*D&$,%K*&*%,5.&%1,*/,5.&)(#/*&)F*4'"(F*4'-D*
;&$.#A* W,4-%,* F%(''()1* 4-%* $.,#,* * #2#$,/#* 4"%$.,%*
)"/,%(5&'* /-F,''()1* (#* ;'&)),F* $-* 4(%#$* ,#$&<'(#.*
,U;'-%&$(-)*5%($,%(-)A*P.,%,*&%,*T",#$(-)#*-)*.-D*
$-* 4()F* $.,#,* #2#$,/#V* <2* #"%4&5,* .,&$* 4'-D*
/,&#"%,/,)$#* -%* (#* #$%"5$"%&'* 5-)4(1"%&$(-)*
#"44(5(,)$S*P.,%,*&%,*T",#$(-)#*-)*.-D*$-*,U;'-($*
$.,#,* #2#$,/#* ()* #"5.* &* /&)),%* $.&$* $.,%,* &%,*
#"#$&(),F* .(1.* 4'-D* %&$,#* &$* #"44(5(,)$'2* .(1.*
$,/;,%&$"%,A* P.,%,* &%,* ,)1(),,%()1* T",#$(-)#K*
)-$&<'2* -)* .-D* $-* 5-/;',$,* F%(''()1* ()* #"5.* &*
/&)),%* $.&$* X1,2#,%()1X* D(''* -55"%* 4%-/* &* #()1',*
1,-$.,%/&'A* Y$* (#* ;'&)),F* $.&$* 5-''&<-%&$(H,*
)"/,%(5&'* /-F,''()1* <,* ")F,%$&?,)* &$* $.,* 0&%$.*
Z2#$,/#* Z5(,)5,* 3-/;"$&$(-)&'* 3,)$%,* -4* $.,*

[)(H,%#($2* -4* \",,)#'&)F* $-* &)#D,%* $.,#,*
T",#$(-)#A**

Summary 

Y)* $.,* 1,-'-1(5&'* ,)H(%-)/,)$* $.,%,* &%,* '-D* &)F*
.(1.* ,)$%-;2* 5-)H,5$(H,* #2#$,/#* D($.()* ;-%-"#*
/,F(&A* P.,* ;'&)),F* %,#,&%5.* (#* $-* )"/,%(5&''2*
/-F,'* &)F* ")F,%#$&)F* ;-%,* 4'"(F* #2#$,/#*D($.* &*
H(,D* $-* ,#$&<'(#.* ,U;'-%&$(-)* 5%($,%(-)K* F%(''()1*
/,$.-F-'-12*&)F*%,#,%H-(%*,)1(),,%()1*-4*;-%-"#*
%-5?#* 4-%* 1,-$.,%/&'* ,U;'-($&$(-)A* 0&%'2* %,#"'$#*
()F(5&$,* $.&$* '-D*,)$%-;2*#2#$,/#*,U(#$* &$* F,;$.K*
&##-5(&$,F* D($.* &)F* &55,)$"&$()1* * .-%(]-)$&'*
$,/;,%&$"%,* 1%&F(,)$#A* P.,* &(/* (#* $.,* 4()F* &)F*
,U;'-($* /-%,* H(1-%-"#* #2#$,/#* D.,%,* %,5.&%1,*
%&$,#* &%,* H,%2* .(1.A* Y$* #.-"'F* <,* %,&#-)&<',* $-*
,U;,5$* $-* F(#5-H,%* ;-%,* 4'"(F* #2#$,/#* $.&$* D(''*
#";;-%$*'-)1*$,%/*1,-$.,%/&'*,U;'-($&$(-)A*
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Appendix 1 

Mathematical development 

:.,*#2#$,/*-4*$;-*,<"&$(-)#*;.(5.*1-=,%)*>-%,*
4'"(?*5-)=,5$(-)*(#@*
A,&$*:%&)#4,%*

!!"!"#$%"&'()%"*!+*"*(#%B*",!+,",(#%
%%%%%%%%%%%%%%%%%%%%%!"!-"-."*(/%!-"-0",(%

%%%%%%%%%%%%%%%%%%%%1%#"""$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$%&$&'"
C'"(?*:%&)#4,%*

DE*B*2*'2,#%"*
3
#%B*DE*B*2,'2*'%",

3
#%

/%4"*!2,'$#$'2,%B*"*!$'2,#2,'$#5%"*#%1%
!"4",%!2*'$#$'2*",!$'2*#2,'$#5%",#%

)%!2*%B*2,#6'$%"*7%$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$%&$('%
:.,#,*),,?*$-*F,*#-'=,?*#(/"'$&),-"#'2G*;($.*$.,*
&(?*-4*$.,*4-''-;()1*?,4()($(-)#@*

.)%/",#)%/!2*'$#%",#"$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$DEHIJ*

0)%%"*#)%/!2,'$#%",8/%!2,76'$#99999999999999999999%&$)'"

!%*"!:%4E*K!!(%!"(:#599999999999999999999999999999999%&$+'%
%
:.,*1-=,%)()1*,<"&$(-)#*&%,*)-)K'(),&%*&#*$.,*
>.2#(5&'*>&%&/,$,%#*5&)*F,*$,/>,%&$"%,*&)?*
>%,##"%,*?,>,)?,)$G*&#*;,''*&#*F,()1*4")5$(-)#*-4*
>-#($(-)*&)?*?(%,5$(-)*D;.,%,*#"5.*&*?(#$()5$(-)*(#*
&>>%->%(&$,JH*:.,*#-'"$(-)#*-4*$.,#,*,<"&$(-)#*
.&=,*)-*&)&'2$(5&'*,L>%,##(-)G*&)?*#-*&*#-'"$(-)*
5&)*-)'2*F,*?,%(=,?*)"/,%(5&''2H*
"

,-./.0-,"

1234546475"73"89:49;<2="M*
#>?;7<"" 12=@:4A6475"" " 14?25=475"

%"" =A2@434@"B296"@9A9@46>""" CDE!&FG!&"

E"" E:9846964759<"9@@2<2:96475"82@67:""?=!("

&"" B7:4H7569<"A2:?29;4<46>"" ?("

+% %6B2:?9<"@75IJ@64846>""" K?!&FG!&"

8%% A:2==J:2"" " " L9"

N** B296"3<7M"" " " K?!("

;<%% N9><24EB"5J?;2:"

;<%'" "O7I4342I"N9><24EB"5J?;2:"
#"" 4562:59<"B296"A:7IJ@6475":962"" KP?("

6"" 64?2" " " ="

(%% 62?A2:96J:2"%G2<845'"" " FG"

" %Q2<=4J='" " " "FQ"

("" 34<6:96475"82<7@46>"82@67:")(*"(+" "?=!&"

*%% @7!7:I45962"I4:2@6475"" " ?"

,% %7:I45962"I4:2@6475"" " ?"

!" @72334@4256"73"6B2:?9<"2RA95=475"

" 73"3<J4I"" " " FG!&"

O** 6B2:?9<"I433J=4846>"" " ?(=!"

8:%% I25=46>"73"3<J4I"96":232:25@2"

" 62?A2:96J:2"" " DE?!S"

!"" I25=46>"73"3<J4I"" " DE?!S"

8=%% I25=46>"73"=2I4?256"" " DE?!S"

$" "%I>59?4@'"84=@7=46>"" " L9"="

"" =6:29?"3J5@6475"

"% A9:649<"I2:8496482"

#" "A7:7=46>"

)!%+"'" "=2I4?256!3<J4I"@7?A7=462"
" =A2@434@"B296"@9A9@46>" " CDE!&FG!&"

M*P"F#5%(>$#@*,"Q*4'"(?G*-"Q*#,?(/,)$G*."Q*=,%$(5&'*?(%,5$(-)G*
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