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Geotlt c!":1.: , l '! c'Livi ty i s a scns ili \"t! i ndicalo r o f dl'ep geothennal and gcoel:e mica1 condition~j . T he 
\'~ ric' lY ,,[ ;;('O<"'o ; ·':;Y of volc;a il ic a :lel hy d r oth c rm al activity , a nd th e ;"011<11 charac te r of the ch e m ical 
l(J: : 1PO~it.i ~·:. '., :::._ .jb"~1:H·ge(: fl'.lids , o bser v<'d in Ic c land, arc CjllitC con s i s tent " 'ith the g eologi cal and 
:--tr~l; . .:ti.il~1. t ~ :'_:~ .::\.:.:> r::i th:.: \-ario,-~~, part .:> of tllf' i s land. T he ~ J cdi3n Zone of Icela nd , r egarded as a 
~> '. (" i::11:1 ::c ; ~',;si(:, of the l>C, ' :·!, i c !'ift , is c ilaracteri;"ed by large hydl'otherm al sy s tems \\·ith a 
l li~il CO!;I.: ,Ci ...,: " _' The sdt c C llr,!~.'::5itiol1 of the hyd rothe 1'mal ::;]1 cings scts Ice !a.nd apart from volcalli c 
rc'gioi1i ,. : ·.i,.· :-: '-" .c:c - :.c' ..lc i Gc 02 1c, The i s otopc" c o rnpos itioil (l i fe and S i n the rmal fluid s i ndicate s a 
p:ll·ti (cip<L~L· :! ." r·,2.t:tJ", emallati(;l1 3 i r, their developme nt a s we ll as the s imihrit.\· of Icelandic C1'llS t 
\ I.'it h th c- o('~· ....:.. _. :', L".;' . 

A g,' n !. :1:_:·l!;'l~l'· . ' '::.2 noe:, ; "cm' / see , has been obs erved in t he d istribu ti on of the backg round 
hell l flux; i'. "·_",;:~·dl .. (',".;·~·': .3p O!1L:'; to t~lC position o f til(' ~ l e(lian Zone , Th e intens ity of he"t of h.l'd ro-· 
ll1': ·'· 11-.:1 1 ~tr, '-: ".:.- _;-,j~ 3.~· \~""ll.i' in .Tc"l:u::rl f111Ct llUt C'S 1'cguLt rly oVC' 1' lhc urea of the i s l and and rea c hes a 
l~l ,::,i:'nli :n , ,'''.':: li' ;Cl;c·11 i c m'i .'c,:, in the s outhe J.'n b ra ll ch of the Mcdian Zone , Current da tu can be 
u ~l'C! i n r,: ... :'. , .. J.J ~'. ' :c' ]:}O':d5 ,. ', !+:.i!ll n; the rmal c ondition s i n th e ocea nic ri ft s . 

r :'] • • ! _ .... :.. . .1.l.. ..... I' ir 'It; c;..,)uduc t ion 
: \.:: ":. --:-:1 l:y :~ t 'vi ; -;,,: ,·uL: d ga:-,t.:OllS 

.. :. ~:::-:!;·~ : ic :'q:':I~~ , i. hydro-
.... " -. it:'-. Ii,; d 1·(j~~. L·r~~r.:~l :!(:tivily i s 
i:-.L';':·:~s ;·:;n ,.:;f t.hv d Yf1j;':'-:lt ' S of deep 

' - l ... . Hl'J·:': : ,. ! ,··.t 1 L:i.:ll_' io~~;1. l!U~i.'~t ~ Llt:i\·t:· (-va lua 
: t ·~Y; lt'}·n:~i.; :!' ':":., ... :: .... Jll(.J~\" :5 ::1 11 {;JJj'_·(-i':'~.- !..· con1parl

. 11il. ilt i.l!iSi t y c,f r.>::, ~'_ ' Ut'f~l'rkY l;l" OC ;~t;:=. in diffe l'e nt. 
- llj the t l'c tun ( l~i;l! ( j-'_' , t ht·t-t.'by p .cu\'i ui ni! ;-Ul a p -

[ \1 IV(' ( Olli c: 1110U\·L l ·,, ·c(·;.,.· s , 

Cl1li \-e:c ti on lurd] or ~t' ot.ht:'rnla l :.l(:ti ~ .... jty , a g(~O 

.J ~ 'XiJl'L'~ s ion uf nl ~i."; ::-; hC'8.~ t r a ll s fer, l'fl L:l il s g cu-
., :llld ~'·p oc.: hcl1'd(: al con:~(·quc ll C(,:-; . I· 'ut' t hat r eason , 

r gL·o thl'l'lll ;1. 1. ~l. (' ti vit.\' p rovide·s n 1l':J. !}S ru:' r e lating' 
~('l1 i(' ('onc (:pLs t.o rwlcGlogical a tld ;~:(:oChL' lnic al 

:·o'nei , llHn Y' s p ecifica lly, to f.h e disr:OVl ' (1' or in-
' . .il'" '." lilt, (mClll tk) sui):.,tal1(;c ;:L, ur ne :lr, the S Ul" 

:' rilL" t llrLh , G('ochl'rn ic al i nvu; Li ga Li ul1 s o f hydro-
~ .. d , 'C 'Li ': ity gl 'Ie ~'!t id c'a u f t he: c lla rac lcl" of comiJ, I.-; i. 
'""('('~l~ and Hlj UCUl!S flui r;:; :I S wdl as uf c1 ('I'P th l' I'1l10-

-:. :1: ~· l) n(li ti o ! J s . J\ S :; hOWIliJy ( ~x p l' t'if: ll (;e, i t ~ll so l' t: -

\'. ': on :l' sponLi.i ng- spec[ fi c st l'ucr.ll.l'a l and t"cton ie 
· ·:. '~\lL'" . 

: :'l' ~t'u tlt'.'J Ttl i1 1 ac ti vity o f [c(:land, its ItI(J .. ;t s l'cc
.,. ~ . , ulvgic !"f,at.n1'c , i s i otc" 'c:;Ling l'i l'.o t of :1 ll b('-
(,r tbe po;; iti on of t ilt' is l a!J ci Ull I:h e axi s of Ul'] jlJ.jd 

. "."c l~ir1;~e , Thc s l n lc tl n 'e and LYPl' o[ tile Ic r;!:tnrli c 
:!lid its r eb tio ns hip with the s t r uctu1'c uf the 1'i clt;e , 

: ti l tv (li c C'll s s ioll, T I](: ]'r,J'o l'(: a study (,f Ilyciro-
: .. ! :lcti\ 'i ty ln l C' t'irll1 rl, :In ri it s c:umpa l'is un I'.'£t. h " tlt!' r 
~:,all\ ' ,'nti vo l<: :lnic u.lly acti ve rt '),:i on.·; o f tl1(' lVo rld , 
. Clt' :ll' lip some o f t he (J1J :<c u J.'c iJo ini.s , Sil()u ld L1H' 

' ! :tl lac'lo)":'; o f il yd l'o llwrtllal a ctiviL\' i n l e- d aml b l' 
,:!; i,:ci, th t.',I' woulci p J.'ovide a s ta nda l'(i for dcr" r lllin ing 
. :"~ li ' l:S or lhi s p nX; l; S C; in Ih,: gluiJal SI' ,ctC Ill u f m i d -
,~ : ri [h , . . 

Th e p resent arti c:Ic. i.s based on ma te r i a l obtained 
mai nly du ring our wo r k ill Ic e land, i n197 0, as m embe r s 
ur thc' group of the Gc ologlcallns titu l>" , GSSn Acad cmy of 
Scl enc ('s , an d the l 071 - 1 D7 :: Joint Gl'ological and Geophysi 
c al EXjx' tiil.ion, USSR .. \ c acl e my uf Scie nces . In addition , 
II" C too k adva nl<lgL' of r efc r e nccs pl\blis iled by ·the Ic dandle 
s pe cia lists-prima rily by t he gcoc ht" ltli s ts C. Sigvalcl::tso n 
and S. )-\r I101',;S 0I1; geop hys i.c i s t s G . P a lmas on , T. [inars 
s on, and G, Bi.lrlvu l·sson; volca nologist S . Thorarinss oll; 
and til t.: compositl' 11l0! 10~;"l'aph by Barth (195 0). 

In t.lt e inte rpretation of makl.'ia l so obtained , it s hould 
be k('p t in mind Lhat \'olc nnic activity , whose products 
c ovel.' th C' e ntire area o f [ccland and make up a l mos t a ll o f 
i Ls \'i .,; ible scctio ll , \':ere conce ntl'a t C'd in the Quale l'mll)" 
in thL' tra nS V l 'l.' S(~ j\f edia n Z Ulle a nd in the Snacfe lls lles 
Penins ula . T ill' m a jo r roll' in th c s t r uc ture of th e i\!e dia ll 
:;'on e , l'l'gank d by many invE's tigatol's ,"S ;111 unu s ua l laml 
c'xpr,-,,:s ioll of a r ift vall ie:; of the i\Lid-A tl:l nLi c fUdgc (Mul'a 
l ov , l!)G l; ThurarillSS0tl , 1970), helung,; to d ccplinear 
fa u.l1s . TIH' r cJ"oJ'c , tlw abund; l!lc l' of fiSS U 1'" l'l'Upti Ol1 S fs 
di s ti nc tive fe a ture o[ Icelan dic \'olc;uus m , al tho ugh th e 
cl'n Lr ,d I.Y[1C' of volcanic " truc tUl"l'S a ls o a re p r etie nt he n'. 
ft j:-; l.il c b tl.cr th a t are n·" pons ih ll' f<n the a c idi c a nd in
lel'lllecliatc \'olc:lni cs whose volu ll1 l ' accounts foc a Ille ,'L' 

one te nlh of the l'o h1l11 C of bas:,lt,; (Thorar i nsson , I nri';" ,). 
In I: he ll o Ioecnc , vole ;Lnic a di "it.;: cune-en t l':1!"c d ill ti ll.' 
no1'l:it ot I.h t' i\[e'dian :;' orw ::l lld in its :L'.;i :t1. rart; in the soul h. 
i t was conc:c nLu tt.<.: d i n \ \':0 s cparaJ e iJro!l1Cil es at its m al'
g ins , In ttl (' soutll wl's te r n lnanC' h (Heykj ill' ik- L a ng j6kull I , 
m ode rn vuk :mi s m i:; ('ollfilled to thl' soulhc:nl s e~mcnt. 1-: . 
~: I L' ln llndss O Il (Pal mas tll1 and SaC' llJl.i <ldsson , UYi .l) bdic \', ' s 

lin t lh i s s oulh -\\'('skm bl'anch ha s ( (»' k ld) :t il ind,'p l' nciL'llt 
(':, l (' l"1 s iOIi I n till' nonh, i n the ar(' ;1 u f ~i k: l g l s lalld and l."l' 

fl ('c ls a r OJTn C I' jJ l·o.i<'diol1 o f t he " hot s pot" in t.he l'ift 
vall,,} . 

~~:.'2~:..ss.l~,::rr('(~~Jlc:lni:!_ 1]2 is q uitc s tro ng . \\'c 
h ill'" Ill:,d,' a n aU('mpt ~ll it ,; (' va b a tiotl fu r thl' period of 
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I {'('l ~nd ~dtlvJ1lent , i. e . , lhe las t 1, 100 .\-l'~rs. 'f hi 3 
evalualion i s iJ~SL' e! on hi s Lo ric :lily r ecol'lke! ob~ClT :t li ons 
of yokani c pitc llom c lI :t aile! 0 11 da t a obLailH' d ill Sjlcc i:tl 
studics , .-\ s it l 'es Lut, it was pos s ibll' t o cakul:1tl' Lhe 
yolull1 e o f ej ec ta ill \,al'ious parts o[ th e {, OUlll.l'Y (Ti w l':lc
iIlS SOIl , laG'; .• ). Hence , n roug h app n ):>: il1l:1lioll 01 ti ll" 
g COC' Il C' l'gy e ffcct of vole:lI\.i s llI is J'eaclil.\· c:lk,U:l k;:i , 
k ccpi n!{ in mi nd t h:! !. lihe ratioll of hl' at :lC'ClIlllllh lL'd i ll 
ti l(' cooling melts i s al:1 IlW:-;illlUIll hl'1', ' (l'l,IY;lJ;. 1 DLi{j1. 
It t u rn s Ollt th :,(. th l' al'l'l'agc e ffec t of hi s tOlic 1'"k:llU SIl1 
i ll Ie-eland , ove 1.' th e n rl'n of i b ll1all.ifl'~ t:ltilln, i " :l iJ uUt 
-LG jJc nl / cm2 / sec i nllri Lha t it i s partil'uhrl.l· hi~h , [i. -I 
.uca l/,·m2/:>l' c . ill til e sOll t l1l'rn actin' bran ch of thl' 
)[edia il 1- 0 nc' (Fig . O. The lll ajori t.l· of H)lcallic l' l"IP
ti on.-; a r C' ~ ~s oC' i atcd wiLh this iJr;lllc h, ;llllollg thl'lll ihl' 
1':n :150 r 17 ::-::.1 Lal-\::lgig:a r e ruption l'l'spol1 ::> ibh' [or about 
1 0' of til l' p uti n c' vo l ume of tll'a poured out ol'or the ,, \11'
f :lei: of the- e:l.!-th f Ol' th e' !:l s t 500 .1-earS . ThL' bes t kno wil 
I c ei .l:!tJic vo lc~C!l o t-' ,; , lf i? kla alld I'~ltla, als o nrp locatl'd 
h '2l''' , T he IJ illed su n s'".I- \-olcani c i :-; lallC\ ol'ig illatc' d ill 
1 9G:::-19GI' , ill l: l '~ i· '~ ~ t !l1a nnae y.i ~ l' :\rclu pchgo, on t he 
t ;:~': i .j .:Jf thi::; bi '·i.nch i)t'::ond th e lancl. An e ruption oc 
(.' C: ~T(:,j on rhe Hein,,~I:' :\ , i n lfJ7J . i\Ianifes la t.ions of hi s
t' .. "! ': -;O : C~i!lj.~m :U-'" '.t~tcibu t ed fairly eve nly o ve r t hi s 
b F..r.ch , \\'hi lL ti·le\· .. {l'p i .. nnWD in t.be southwestern b f anch 
o d:: iJiC,',1 l"! il Tl:;.~,\'(:cLi r :tlld Cape Heykj a!les . Calcula
ti u;;.-; -"!C.\\' tiLt ! :l" 'l-'t·,:i[ic C' n pr gy e ffe c t of hi storic \'01-
c :,-,io-_, is ::t- (-_~ ,-,,·,:: -t ~!J:" :: he r E' of th e volcaiu s lll of the 
~c: .: ~j-, ""1 i'i-:l:j\'~" :_: ;" ,'nl:- (;Il<' qua rte r o[ th:lt ill th e 
f: i..; : '. _c_,''; :! !-:l '-, '~:'! . ;oU, 'i . T he vol c ani s m o[ the south
e":, :::::,::-: J::-.,:1:.o ".;:' ,,:],-,ut 75' ; of the t o la l c [[e e;[ o f 
h~-;tL-; ·!C .::" :· ..... : ~ ..... :: ;·t i .:l ~;_·";:.i:::d ; thrtt of t il e no rthe rn b ra nch , 
S . : "-~:-: L:~:' :'.," :''-0:' :-'.· :~·l"i::t of t he sO llti l l': •. s t l' rn br:.1 nc: h, 
, . j !'.. ')·;'_ ::'llc" i ~ "'.L _'J ~i!lted for by li i>' Sn!1efe llsn"" 

;'::(,;1(' .:!t:c~ :1.,- ~~l;: ~ : i. L'C ..... . -... , of the Eraj\"~1. i s J~lldl Volcano. 

']'r-,,_- {, ,' ,i,:, , .. : m:';,c.uLc,'.it' so established [o r the a l'ec
'-';"'" ,.[i,,::r. '.-,; \",i:::,:rj:-:,; :.: ::'1' ica1 not o nly fo r th " bi s 
tC; 1i-:": ;)ilt ~d-=u ~ ,)r U l i.:' lDr:~(' r s t~l ges ot' the !--r;l'o log i (: ~!l 

C' ~- (': j" i.; t i:)n of fe'= l :l1'1d . Ti-: is C ()f'ic l u~ ion j ::; IJase ci on rt dc
l~ti~ i.':~ ::; t C (J\· () f rn'\j .. iu('ti\ i t,}' ot 11 01oce ne vo lca ni!.! :lc U\,i ty 
(J.:tl:::)h S0fJn , 1 :)7:2) zlnd un n.n l:::i Ulna ll! of th e volu nle of 
t he sc'l,,·mi c !a ': <= ,' "iF , l,icntified with th'.! QuaU' m a ry 
\·olc;-,,;..ic::; ll':Llm :is o il, 1')71) . On the :l ssumption that t he 
p c riod of ;jc' LUJ;ll,-b ~i C>l\ uf i ill' blte l' COL'l'(' s pond<:' d lo t ill' 
B l'u nh"s jx!.i i:;)'n ;.c;; :-; ,,· tic (',_,,_,,; 11 . as l'e f1ed('d on the l ates t 
Ie e lantUL' 111;; ,,· ,. f:' :il rn ~ s'-' n e l Sae illunci sson , 1974). TIl(: 
aver·Cl.;'~ "': spec.. ~j~ ·:e.cg.\" e ffec ts of fc el a n(li c volcani:-.; rn 
OVC1' t hl: a r E:;;.S · . , 3 ma nifL' station, i n the las t 0.7 111. y . , 
tu nE out tu be :" ' i-'e ~tl/cm2/s"c ; th e lIo1ocene figll 11; i s 
5, ,1 ~,eal/c m1/3cc _ Th e s(!c unci fi gun' i s exactly lh e 
s a.m e a s oiJL ~Lin"d car lie!' by DtJrivars soll (J.tlG4). Las tly , 
acc o rdil!;:'; to \\ 'a LL:e r (1 %:3). " the bd t or a d ive volc aai s lll 
ill Ic; d a ll rl n'ma in~ d almos t lUl e ilangecl durj ng th e T l'l'
ti a r y and (ili a te mary . The wid th of th e bell d id not <:' x 
c eed t<: ns o f !:.ilomde r s , while t lt e i nten s jty of volc a n.i. s lll 
withi n i t l'!.!Il1,un l·d cons tant" (Thur arin :;; s on, J.9 ·i O, 1' . 
lZ :3) . Jt was Ul(; rcIo r " pos :i jb1c to compa r e t hl' e stim a tes 
of the g c- o c ll e t'gy e [[vc t of volc a nism a nd Llw mOl:" i m: l·t 
fo r m s of gcothe rm al activity -the bael;g round c o ndu cti o lJ 
h f: at flux and di s charge o f t he the rmal s pring'S . 

Th e IJ ac k6 roLind hvati1 l1.x in Ic eland . a s ill o the r ]'('
g ion:; of mode r n volc:lJli s Jll . is c;ig nili cantly hi g h e r t ha n 
t.hc ave r a(;c 1'01' tlw pl:1.ne t. J\ fe atut" ! o r til (' g('o the l'mal 
fidd in all s uc h r egio ns is i ts ('x tl'l.' Il J(· dive !'s i ty , i. 'c., 
a n :J.i lLlnrlalle (: 01' s troll r; l oc a l posi t i ve unrillC'!';alivl' 
ancJlrlali es C: :lusvci by th e.' n lOve lllc nt u I llll ri e rgl oumi 
lI'a l (: l ·s . Th ere·fo l'(· oilly a [,', II' t l' Sts dl'il k d for tha t [JU1'
po:; , ' h a ve (\i s c-ovl' r vd a n un eLi s turb erl I:l'gio ll a l ~e oUH'rlll a l 

field. 

The lIC'a t c Ollducti vity or Icela ndic rock; wa.; vsti
mate,j IJY ilI Cl ::;S nW3SlIl'v rn('nt s Uil ::; p ec i m l; n;,; s d ('ct<, ri 

fro ,:~ c. e o ll,: ctio:1 of cu lTS :1t the Dcpa rtl11E:nt of i'\atu r;'.l 
I! l:'. : ::":1d [ "om c,;,::,-,uf>" •. a nd c ha r acter iz ing the p rinc ip?l 
pvt!· .~-.:·l·, '· mie a l '.- ~,:- ;lth:.'; of ruc ks with 3 dC'g r ep o[ "fn : ;.;h
n t· .-::~ · , T bt: r '..: Li :.._;) l t' \ ·:ll uc of h ( ·~ t fl :...L'~: so obta in l'd turned 
Olit " , ix: abou t .:: .... i O"::;: r t ha n ac C'cpt,_· d [or Icel a nd ( 'n the 
b :'L~ i ~ (}f ear li C' ::' ~:..:) ,l i ::iol ate d E: · s ti lni:' tc:~ . T he atte nd .~. n t 

d Cl c,-r:l inuti o ll5 c.i t he co nducti on C()lll pOIll' nt in e ach 
t h('l':::o:l1 l'lric:a ll:: s tudi e d cl rillilo l e \'.-c t· c ba:icd o n t he· 
\·:Ui.:';" of th e: ge ct C,,~rr.lic- g r a die nt p uhli shc'd by P al m a.,;oll 
(1 £1'. ; . un ·!) . 

_-1 c Ol'npa li 5cn v[ ti~ e 3 C fi g ure s \,,·jf h s t ati s tically o b
tai n",J Cl I"C: r agE: \'21 '1(-_, of he at flll:>: i n vo lealuc r egions on 
la ne ' j)ol\'ak an d _--) mi r no \', 18(; 8) ::li:d i n zones of th (: mid 
o('c ... ~j::: t: i dg-e3 £1.. '_' P ic h o n and L a. t:;.;sc t h , 19(j !)) has made 
it pu,,~ibl c to icic'::c, i f:: "a d l'"el ude fro m t he rc:~ ona l p i c 
tu n - :he h ig h a:~(·::: ili l.s ass oci:ctc d '.': i t h t hc ris e of 
t he c.':,a1 I'.'a t e t's , :lnd tu d t'Le r m inc t h e va lu es chal'ac tc ri::;
tif' c~ the' umli ,.; t ·.::-:;uJ ti de! ; The s p at i a l d istributio n of 
bnC'~:g !'olind con du.cti o!! h c~~t flux. i s illus t r~ted, alon g \,,· ith 
o th -..-E b .... ·oe n2rgy c- b3. ract\? ri s tic.:; , in I-'i g ~ l~ Its prinCipal 
f",atu r e i s th a t , !:2 zone wit h a llig h c- r iJac k g l'Ollnd heat llLlX 

. (>2 . :! .:..c-al/c J:1' "t·J i ;; C'onsi rJ L'l'nb ly ',I-j el l' r th an the ;\ le di :;u 
Z uni. , \\'iLh ~L g<::i~' :' 8.J.l:-, ( h i.' same t r e nd . T hi s broadc'n i ng 
of 't ~_~ zone o f hi:;~t.' r i:L'3 t:. fl Ll,\ i ~. CL'rl si s t t:' nt als o \\'ith s ub 
nl 3.rl i1~: llH.? :1 5 Ul' C'::: e nts at thc' Hcy J.:janes Hi dg\.' Cr[llwani 
et a L , 1tl7J.). T~:'-· .~ L meaS lIrvll1e l1b In dic a' .. ,: lh at the r e 
i s [1"; L:s wll d c-c l"_:t.-:!.: in !) L' a t alL'..: on thL' SO U;·~~"'i .... :~=-- te l'n s lope 
of l~. '-· J"i d gc _ .. \ 'C :1-.,: .=.:1.::: (. liml: , U1e patkt'n (lr 1 he field 
of c0:1duc tio n h._-:"·, T.: il o ·.I: (' ''· c t' lccl ar.: :".! l'xhib':l~ tl'L·nd.::i trans 
\" t,)" ::;·_" to thE:: ~\l e .i.!.1i Zr){h.· - s uch as the Sn :t(~fu ll s nes 

I·:ra''- '·r!\-.' i;ud l :' ... ,i"' . "i' !-:v la c k of ll H'::J.S '.IrCHH·nls of ht·a t 
[l 'L':- in !J<lsi n :; OJ[ sO'J.lriv:.tS t l · m Icd: lI1cl , a nd t hL'lr scarc i ty 
I;('I\"(-': n Icc'land :c::d Gn: ,.' nlancl. m:- " L' it dHficult to jUcigl ' 
lo '.'.~_ 2. ll·:, tc nt , i:" :ct :.tLL t l!c .-;e In' ':l!'; can be r e lated to 
\·olc ::..ro-t(,c t oni c- ~_ct i ': i c :'- in th e. BriL~i n-.-\l'dic belt . T he 
3y ::. il:t:J!t· data 0 :·:. t~.i.: 1>..: !1 1 -;1:l :.1~ Strai t ( L ~c: h l· nbrl.1 ch and 
)[a ro' J:ill, 1 9 1:)) c-c·:1:'ti".lk a faid.\- l··.· li :tbll- l'1-j(\ C' Il l' l' o[ 
n.. :-ii r:"!.i h.ri t\· bC- V,;. L,,· n h\'l..l roth t.\ n n al c o£)cli l.i ons in lhis r l" 

g i ll'" ' ,.nd th~' 2'0C':r: -.'.J:5tc· r!l Pl' nin~ ub o f Ic .:land. Tlii s 
P l'!l i ll_':lu a . l hl: ,, "-r:, (' ::is t he e ::J.s tc rn p a r t of till' is \:tn d 
(lik l: ·." i s (' m a<.lc- L::; of .'. UOC' CrlC: pb tc-:w - b :l" al ls ) , i s Ch:ll'
a c·t (·r: z. ,:J by m i nln:J '.-:dues o f h LCtl l1u:..:. 

C o:l:;pic LWU .o C's::J. i ns t th is rq~i(Jn a l gc o th l: J"lllal l>at' k
t;t'u :;:l' i are a nCJl~lili"'; a".~oc i at('d '.':i tb h.I·,.lrutl l1' J" m a l aL' 
ti \"i t·.- . The t(k11 i~~f! :iJc'r of lll;UU [l:~t:lti O Il ~ u f lhh adi\' iLI' 
in ] (:',1 am I i s c:l O~l' [rJ .:;/1, . 18:l.rth, 1 9.~( ,) .. -\ c om [ln 'hclbi ;'e 
s l ur!:: of th C' I ~~ h.:..s ·.n:.c!)l '. d u s to s '~bd i\- ide a ll thl' tlll' r nu l 
phL:nr.J~"nel"Ja i nt() [0lJ1" t,l:p'':':-; cliffc ri ng- i n C'li(' lluca l cornpo..,;i 

t ion ~l::d he at Tl 'Jt,.·!llia 1 ( 1 ~' JIlonov :l!id P o IY:l k , 19 , ·J; P o ly :tl; 
anrl f.:onoIlfJI' , 1 S -; ~ ) . 

T he gas z u::_-:.t.ic·!l /J f tiH:nn:ll \\ i1u ... · r .-: . · (>nL' o f til l ' rnu~ t 
i n1po!.-tant i n (Ul'~l ~i_Ir.S (.If L: ~' l'P ~l:Ol·henli cal and gc ut!lf:l'J:. a l 
L' on ditiuns i;-; til ' · l \.;nllrJ~ : tion uf ga~ L's i n ~i lldl' 1~rOll I1l1 

waters . Th e: rn-_ ~J. ::~n d !11inl' l~ : tl \': :!tL· c .:-; ;tl ·t.: <.: l ass i fi c d b.\' 
til ... «(JJEp o:-1 i tic·n l"J i th t:i l' giJ.::i L·3 i nto ~·l· l lL· tl C t:. p('s : 111cli1 anl' , 
nit r (),;t-'tl , c a rhon (; i (·:drlv I III trogL·n -ca 1"1 ) 1) 11 di oxidt: . a nd 
h vd r' ogE'n s '.I i ii de - C:_II·oO!1 d i0:ddp , T he c-le ar - eu t ZOIl:l ti on 
of g;J s" CO:ll J)f)s i:ion i!1 th ~ r n1 n l w~lte t'S of l cc Llnd i s cons i s
tc nt with til l: L:eolc-,.:ic~d and s t J'uc tu !',d zones of the i s la nd 
(F i;.; . ~ I , :\i t ~ · Oct:!l--bf;::ai'ing- the crn:lt \\"ate r ::: 3.re pr e sent in 
th e· :Jr' c'n of Pl 'C- Qt;:Hcrna ry p la le:w 1) :I"'3. l ts . Cal'bonate 
\\'a ~( · rs arc as s{)(; i :ltl~d '.',"i th th E:' \'o lcanie znnl' of thE' 
Sn : l E: f(:l l ~ n es Pt"nin3 ld:.t , nil \',' L,\, j dC'nt l~r dyi ng- c! OW1l. Th t..: 
ni t r og(~n - (,:ldJ()' ! 'J.:t: stt::.t nl -\':n t e l" n1 i xtt~ res 3. 1'C cl i sl..· h : Il'~ed 
in :11'l::1O' of pl-e -:i o loC211 '-' I-" lcanie acch'ity c,f th e )'I eci i " n 
Z"ne rmJ in some: of the adjo i n ing a n :JS , L:ls tJy, th e r m a l 
v,· ::l ters \dth the h i~;;es t tt:1'npe r ~tur(> ':i c.!!"~ s i g113 ted hel'€.! :1 S a 
lI ew ge neti c ty pe c;i hj'drngL'n - hear in£ \1:::11cr s , arc associ
;J t (:d ·.I-iln P:lr ts c,f ~he .\Jed i :lI1 Lon " ch ·! car-te r i z e .J JJy tlte 
111 0S t i :ltcnse \· o lc-3.nic ~t:t i "dty. 
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PHESENT CEOTIfEHi\'li\L ACTIVITY IN ICI·:L t\l" J) ?I)() 

Fie; , 1 . Enll r g.\ dfeet uhnode r n geothermal ac tivity in Ice land . 

1) L , r g('5 t JE ·c .-;€'nr. geothermal sys t.em.; (a ) and s prings (b) ; 2) c en
t ~'"3 ' .. ;- ,oL a ,d(; :l(;i:iI-'ity [or the l a s t 1 , 1 00 Yl:ars (a ) and the preced
i ~,; ::l.iLU'; c:Llm ~')) ; :) bou ml:u 'ic's of r egions with a d iffere nt Lota l 
c· f,,"Lt of 'C UlC"lli c a nd hydrothermal ac tivity ; -J) Ilumerator; ene r gy 
.- : ! 2'.1. I)~ \'dC 'll';i~:T!1 , ,!l.c al/cm2/se c ; de nominator: cliscklrge of 
ri:-- r n ,:d .-: p;-j;; ; ;, c< the r egioll ; 5- 8) tota l. e[kct of volc: a luc and 
;: '.> "r'c n':~L,, ': , i'i i ties , lllccal/cm2/sec: G) <0.1 , G) 0.9- 3 . ~ , 

.", '-, - ;i J , <),:. ll- . 7 ; D) i solines o f t he backgr ou nd conduction th e r
'· ... -1 S ,_,. , i n n C'.' ;.t : :·cm"/ s('c (from the data of P alrna:ion, 1 ~)67 , 
} :J ~ -~ ) ~ 1,):; btl l; :! {: : L:..~·(: :-i of ZOrlPS of ac tive volcanis nl (Th ora ri nss ol.1

J 

" , ! 1 ' :i l m;.t:,on :l.nc Sae mund.-;soll , 197:1) ; ll) bOL1ndal'i.es o[ g lac -
;u ·s; 12) L :lc of jJl'ofilc: ill Fi f: . ,1. 

; ; ( ' lu t l"ogcn v:~: '.:' !_.l L;:; · ~:r11.al \ \ rttcc,:" n l C-L""t ('01110101) 

,. 1 u)." l , is t)l) jC- :U L'f .ill tLe L:C I.!)lll l';J U:: ;:-1.C f. iv(; l' egions 
: ~. \\"o l'1 d , SpJ'i! ;~~':S ( ~ ~- th;-:; t .\f-'t.' ;-11"0 jJn.: ~ C' n t in th e 

" " !": In th e' J )art1 ir.~ , "J h'n Si1:lr1 , and 1-·:[!n1c ~ i~!tk~l . The jr 

.,::~8 : ~~.~ a~:: ' [i~:, g \r~;i~: i~::;; '. ci O; )~i,:l;~:l ~~;).~::a ~)~ ~~Li ~~' 71iitl:,O _ 
,\ ~tt(, l: ~ , at the surt tCL' , L-; b~' lo\v the JJ oili.ng point, as 

:'" Ie : lhl·j r calculated tC!11IO <-' (at urc a t dt'p th cl Ol':; not 
", '.; /., (I C, Th c amollnt of J.i bC' l'att, c1 Ilt:at i s rdaLi I'd.\' 

~ '! ill :-': ()DU ' spl~in6s : 011 the o.l'dc J: oj' Luli e:d/ s ec . The' 
.:: :':l J'a!n(' l l r~ of ni tl'ngt..=rl \\·att: rs an~1 consi stent \vith 

~~ . u(k l uf I;( 'a tillg of nit l'(}gc·n- satUl'dWd infi Jt l 'atiofl 
r~ in tht.: bacJ\grou nri g-I '()t t.: n)pt-' l'~ t.tlr (: fi c ld within til e: 

~ . r ::. o)-'! . . J k ill uf lilt' gC'ulo g ie SL'c tioll (I vanov , 1 9(iCi ; 
· .. :; , ]' ,, ~ O ! ) , 1 f) GL) . ft i ,; cUl n nwnly bclievc'd that till'.\' 
. !'.Ip (Iut~ i 1 the: z on e s tl'()l1 ~h affcc ted b\' nl ag-rna.t ic 

I, ~ ~ 1 l l'! nal -'j;,t.' tarnorphi(; !Jl'U Ct~s :-)C's , .J J ()\\,~'v<::' l' ,'" SOlne 

. : '.l' d t·t·p (' Il1 ~!nations ,'c:teh (h L' Ili Ll'og(:1l t.hc nl1 111 W,tte: l', 

: .. : :.. L!lH l, as indic;!.te r/ hy cert ai n r('atures of j. ~ ()topl' 
": , ',., iLivl1 of the ir gas c·s . 

Tiu. (';u'I:)(,na te spl'ings " I' JCt:lan d, hot and cold , con
. : :~ r.~ ttl ) tIl ~S ~ ·; C<"h in the g~t~ phase , ar c typi cal of 
,, :~''' d u \\ ' Jl y(}lc;Ul i e "activity . The lI'"l l~ I'S o[ t hi s type: 

,'I i t,· s im iLlI: to cil)' i;on:l t-c tI "' I'JlI al Ill.i ll l' l'al wa te l's 
. " ;1: l'd l :!! iri south'~· : l. , ; tC' l.'ll ['.J rop t' aile! Cenl )'a \ I\ s ia . 

· ·, ~: dl:. · tIp· fOl' rnati ()/1 of ca rboni c: ac id wa te r i s asso
. :,.·~'_ d '. '.illl th c' 1'lnaJ nl e l;ulIo 'l Ji1ic pCO)C'(· SS f' ,S. III j c: l'!and , 
,! lillll oiio.':iti( ' I n !l ,) lo C' l iil e'ratc' cI in t.he nnalllwta morpil -

, ~: .: or f,;t....; u!L::i tlla L ~ollta ill a l'o fl si (lL' r:ti)l t, ::l Hlollnt of it; 
, b ,· i [ 111 ;1.\ COl n l ' ouL eli 1'<' l' Lly l'nJill th L: lt1ai~ln a tic 

c :' ·l';, _ 

. The Ili tl'og'(' n-c:n'/)unatc thermal \ \ '::1to 1'$ , als o knO\\'il 
a s "gc y sers" , a1'e large mode I'll hyd rothe rmal s ystcm", . 
This tYPt' i ncludes thc \\'eU-knowll P auz he tka and Uzon
GcySC'l' systeJt)s of }·::unchatka; \l'ayra.key aml CavC' l.'n :tll in 
the T aupo zone , Nc\l.' Lealand; Oniko!)e ,lll li B t pPlI, ,fapan ; 
anel otb e·),5 . fll Ice laud , tli c rm::11 wate rs of thi s type like
lI'i s c' arC' ili gh-t empe l.'atll r e . They arc discharged at t he
SlIl'i:tclr a s s lc'a ln-\':atcr m.i .'dul'es ; thdr calculate d Lel11-
pe ra tul'c at dcrp th lllig ht c'xceed 25 0"C (Al.'nol's";oll, 197U

1
) . 

Jil SOIl1(' of Lh e (' entcrs of tbc'ir cli ,.;ch ::1 1·G;C, t he am ount of 
liiJe l';1kd decp heat atbirLi 1 07 c al/s ee , \\'hid) i s (;C{uiva lLlIlL 
to b ackg r ound c onduct-ion heat loss one" ~. Il area of 1, OCi O 
J{lI1~ . Co nsi dc l'lng the' g e ol,,;;y or these systems titat are 
assoc iau::rd 11 ,' n, with c c,m p 31'utively 1\31'1'0\\' zones of dC'ep 
l i ne al' f3ults , tiw i 1.' heaL putelltial ('a llnut b e e xplained 1).\' 

. hc'ati IIg wi thin (.he ba c !:r;rL)C!fl d gcotempe l':ttlll'C fi e ld. It i s 
l1eC e SS<1 l',l' ill s tead tu assume S0111<' in t1 o \\' or d ee p fhucis 
with n iug h h eat: c onLcn t. This asslimption i s Suppol' te ci 
als o I)y ( It(· JJl'l':; ( ' Il U ' of CO , in g;I S ('S of t!1l'SC syste ms , ; I JlCI 

by t he i sotup (~ c umpu :; iti o!l '01.' c e d ain compon e nts of til l' 
L1l'.' I'I\1:tl \\·;ltC l'S . 

The hyci l'Og'cll Ly p e of th e rma l J1ll i<i,; i s :t Cjuitt , c!l s ti llt'
tiv (' kalu J.\' of hyd l'Ot li c l'l n a l :tl'li v i ty i ll ]c:d:lml. Thc'.\' :t re: 
ri c h in r l'l' l ' II ., \'.h icll a t tim",,; i s the pn.'c!omill:1I1L ga s . it s 
C{)IH'e lltl':tli~ ) n ui n sol ut.jun g~1. ::j L· S ur SOIH C- tiJ e l'ln al UL'Id :.:; i ::: 
:1. "; hi g'1i a ~; (; .l'. ; (Sig\'" l d:t:; Lill , LD(;(j), \t'il.h II., cii >;; clw q !,l' t o 
til l' atll)( , .~ Jl l lf'J.,(, attil i lu llg 1 m

'
/ ll1in . TIlt' oth e r COlllpOr1l' lllS 

or g:lSC' .; i n UH'S " Lilt l'l na i \\' ;l t e l'S a n .' I I ,S (up to ~G('; , b,l 
VO \UIlW ) a nd ('(), ( up 10 ~): l''' ), I'.' ith SIn;'lll amo unLs o[ l\ " 
i ne r l g':l S'-''' , an;i C " I' JI1 c ontr:lst (0 (' r atel' flltll'U'UJc' ,," ol 
1ll :1Il.\: :lcti vl' '.' OkClllO, ·S "r (h l: \I 'o dd, to \\hic:h Lh L' II .I'd)'(j~(" 1 
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F ig, 2, GI~S zOlllng o r the rmal watc 1's in I cel::tnd, 

l- 'f) Areas of th e rmal \'~ aLers; 1) niLrogc'Il , 2) carbonate:, :l) nih'o
g t'n - c arbonate' , -I) h.\'dro gcll; G) boundaries of zom'5 of ac ti\'!> \'01-
c Cln i,;l11 (Thol'arins so n, 1070; Pal rnason an d Sae: tllllmb son . ] ~)-;- -I-); 

6) testin g oit:e ,; ; S) iJolincilll'ie:s o f g l acLcl's , 

E;::-;-:'"_::; - :.8:t-;' 'C (::5 !.! I' (-l.liLf.: a re Sinl il:ll' i n gas c.:01111Josi 
L ,-",;" '.:.J:" ~.: ;..:.': ~I . l{-. .. ~. :_ ~. :.~:l - s" !'Otl P ::.re typ ica l Ino(h ~l' ll 

r': ~ S;l - : :~ :- " j l-\Lr:.!~ .... 2""·~: p .. , .+ ~;~0::r,~.n..:-; al systen1S \\:i th the highes t 
hLa t pvt;·.: ;-: t,;~l . . ~ :" <l' ~ ;. l~ !:· .: ~ i.;';C h J l'g l~d at the surl'il ('(' as 

' _ d' ; , ti-;, l' ' .. r'T'_ , .... ,:1:'0 ~, ~ dep th a]Jp r(;ach c· ~ :;IJO°C, 
: le~:.t u ·.H ,Y !.: l~' !_:i. ~,'"-~ ~' . ' ~':" zon ... S 0 1 SO i11 E:' o f thl' hy(~l'o

rLC':'I:"': '_L . .:<': : ~.,:.. :1, s:' I::,,;'.:' t,·· . .' ;l t utins lOX c <ll / ;--;(' C' , <.l ;l cl 

v - ":. " C';:.l , :,~:,.: c .. ;; .. :~, ' ~ J. · :~.-=· ::t ~t 1n oll g t.hL~ rnJ the 1'1101'1'a 
,Jr:,;:::Ll s '·: s :.,,'n·, '2(;;' \ ':', )'.: ·;,-,: , I JG J. ) , w tlich j,b cc s it ill Lh" 
llr :.;,t 1 J l~~ ' !" il ; t h'_' \'; ()1.' lJ , To 1'cali7.c thi s a r:1CJun l uf hl'HtJ 
t h t..~ l:' ::-; " :·~~'~ ' (' u f}f.i l'(ir~ductt!)n ~L'r~t n IL\: wou ld have ' Lv " stt'LP 
i t off" c. u n~p let;'L [l'O~'l cl fHth of Lhe arc ;) or Iceland , 
whi c h L:; ut.tcrh' i rnpl a i.. t~~i! ) j t! , Suc h:l Iligh beat pott.:nU[ll 
of hyd l'u:~"_' n iD('!'1 1 1 ~1 Y: :t ~ ~,L~ '~ i nC/i l'alt,s , c'vel1 lJ C' Ller than 
jll the .I n : ,L::'l.il!.;(' 0;' Lh t'.' lij t;: ,_~ ::::en -carbo na tu ) p~rli (: jpati o n 

o f a de t·£} lH::::1 t-(';l :" l'i ... '? t~ in the ir dc:ve toplll(;nt , 

T h(:- r(' i s no c-o :1cC'n<} llS of opInion all th L' o d gin or 
hyd r ogen in tIWl'! l! lllwat" l"s of this typc , It i s i l11jll'OIJ
abh' tha t l\\,d rogr·n i s forme d, a s bl'lievcri by sonlC' in
\'cstigators ~ unde r n,:-' a r- - sllrfa(;(' condItions) ill the ox i
d a ti o n ot' f; uHiri c -io113 or d e cor:lj1os11iul1 ()[ Ji.,S , inaS tllUcil 
a s both a n; cor:1 mOIl in the volcanic s lc :.tm- '.\'a ll' l ' jds , 
i ncludi n:< t ho s e; no t c ont.a i ning [rc (~: hydrogen, A dCl'jJ 
ori g in (I f If.) i s mo re p ro ba ble ; it can be ex tL'actt ' t! J' l 'V!l\ 

ba salLs , a t"s uHici c ntly hi g h tc m pCrll.tlll'c0 ; or ehe it. 
mny be lh (~ produc t o f c i' J.-t: lin ,I<;(;p - s 'cated l·cae Li.o l1s , 
s uc h a s th e "fayali tt' -\\,:lte r" rc ,~ ::: tlon , thl'ordically pos
s ible a lso ullder th e r m ody n a mic cOl ldltiol1 s of a ntag
matic m e lt ( i\Ia tslI u , 1 Q(,:;), Finally , th e a p!'c'a r ::llt c c o [ 
hy d roge n may follow a degassing of tlte in l (' ri or o f lhe 
car LiI wh e re it i s belie-vc r.! to h'" jJl'e::;e nt in la l'ge <.llJt ounts 
( Vc , t'Il ud skiy , 1. 9:.n, c i tcd [rolll IJ5 '1- 1 !lGO ; l<l'op oLkin , 
195G ; Larin, 1 871) , 

Oilly two a nalogs or hy dn)ge lt thermal \\·a1: ... 1'S :H'C 
known uu ts ide of 1 (:el~tld: the S(ltl o ma Valley g eyse l':-; i n 
Ca liforn ia wherc 11 ; :.l c coun l s fa t' lS'X of LIl l: l OUtl g as 
vo lu llt<, (UU s , 1,)70) ; and th e Aj!lD c lwpan th f: l'm :l l [i L'l d , 
S:c1vado l' . '.\·ht·n! i Ls contcnt. attain,,; ' \ '{ ;! , by I'Ol ll lllC (Si.g-
vullias on ami Cucliar , 1 !J71J) , Th e E', c otc-c-to nie pos ition 
of b oth t/1 (·S!· th e nn a ] pi1(: IH) l nl'na i s s imila l': th ey i> u lh 

an> locatc'd at Lh l' jund ioll of the ,\m l' ri c'a n e:unLim'nl \':ith 
I!ll' Ea st. P a cific- P-i:-. c , U )' ill s l nl c tul'c' '; a s", ut"i a lf'd \\'ith it. 
TIl(' cuncll! s iun is tha t t he ll\'dn>gcn t \"])L' of th l' l' mal fluid " 
i s g('llc l'ally chal~lc teli ,; lic of h \"( l l'o tb c c11 ~ 1 adivi ty ill 
t he sy s tl'm of mici-oc c:.l ruc lid~cs , 

Th~ bOll ncla rks of t h e- ga s -c lll' m iL':ll /:[ ,,1(' S u s ua lly 
c o inci de: rai d ." '.\·vIl lI'ith Lilt' g l'ol o;i c /)ollncia t"i c s , a s illu ,,;
tl'at.c:c1 , in l-,arL , i n Fig, 2 , lI o \\'c \'Cl", th C: l'C arL' d is crl'p
a nc ies ; th e most i li1pod anl of these ( .(' Cll! ' i n till' nOl 'tl1l'l"n 
P;tlt of LiH' i\ ll'di~n ;:,)n(' , in the a 1"(': ( of th c TJ C' rIt C0 
P enins ula, The IH'cs ellc l' or nitrog::: 11 ti1 c'l" m :\l ,,':ltl ' 1.':-; in 
t hi>; P:llt or lil , ' ZOIl L! i l1llkalc,' t h,' P l"l:SC Il(' " o f a IJO ll nd a ry 
cut ti ng th e ZOlle :Jl l ri S l'p:l l'Cl ting i t.3 no r the rn p a rt , t hl' lr:s s 
acti \-' f' I,\'j til l 't~' S p C' (;t to ~c u(' n t.: rgy , 

Judgill~ fro n) the' ga s eOln pos Iti o n of th l'l" lna l \\, ;l lc:r s ) 
a Si llOila!' \'.·c ~tl,c ning o f a c ti\'il\ ' t:lk,'" phc<, ill s o uth e rn 
ledanrl '.,· b( · c l ' th!.' IJUund a l'i L's of til l ' z o n .: o f hydl'op:e n 
LiH' t:rlW -i lI' a l l')":> coi nl'i c!._' ,,'jtil th os t.' o f t he- ,'outhe 1'n \'01-
c:Jlticaily ae: ti vc branch , TIlt' PI'C' ,;E' ll c c! of n'it l'uge l\ lI':l k l' S 

in the c oa s tal il L:lt L'nhan i.T :o; a sep a l'a t l l)1l o r t his I) r: lnc h or 
ti l" i\l e ,U:l 1l Zon e 1'1'011\ th l' Ii! ,,: or th e \' l 'SI I1l ,U1 n:IL' j :ll' 
!\n:hipdago tu th l' sOllth , \':hert' hyci co g-e n again IJL'c ,'I11t's 
dominanl in ga :> <' s of the: :SlI Its , ' .\· and I:: ld iq;l (ll e i m a l',\' 
hland) \'Oic:UlO C'S , 

Fill:Jlly , 11l l ' tt tiOIl sh o u l d 1)[' made o f Ll ll' : l !~ se n(" (' ()f 
hy d l'og( 'n the t' mlL] \':atu',; -:1I1c1 oj' all Ot llL' l'S , lo t' tha t 
t e I' - i n tI, e s o ull l\\'{ ' s ti ' t'll l)l'a ne' il , ll C> liil of L ::J\;l' T i Il gyac! 

lav:lln a nri "' :I s i. of th e fl u !' s .ii)kull, Til l3 C':L' ts d oub', on 
lh e cun'c nt c u ml)iluJI )'; o[ ,,;L'oLh L' l'll1 ::dl,\' " e tin' l"I ' gi Olb o f 
!{eykj anes- H:lngidl ::U1U f -:'f;:!r li llg' :ll'fj od l~ I !\' c l' :1 ved lil' i llto a 
s ing le ')t'l t l' c btc (\ to othL' l" acti\ '( ' br:l~ tc l ll';; of th e' :'>l e liian 
ZOIle' , t o Ule' eas t. 

Witlt l'<.: fl'l'! ' l1l'(' t o s:l l!.-,::.~~~i t k111 , j; \ ·dn>l.I H.' l'ma l 
\\'alL' n ; of j (' e ialld diff"r f r o m !.I h)~(' i ll ,) ti ll' I' \ 'ok'lIlic- n ' 
g iu lt;; of l.lt e \':odd by a 10 ',\" ' 1' tlt inL'I:,ll i z a l i '>n , T he c ()n tcl1l 
o r 0 11i;s l.'1Il CP. 3 in s olu ti on lIs lIa l1\' O. uctU:ltvs fl' o m l S I) to 
1, ~ OO lllg / Jitc'l', All l ' v ' l'{ ,liol1 i s lIH ' C 03,-; 1:; 1 Li ll' l"tl! :t l 
w;1le r s of the n cykj~l n cs 11 L' n in s u l ~ t \I.- itlt ~I .5~ lllg/U t 
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. ,l i,} n. J/owever , tht:ir compos itiun i s dc t.cr -
.. ,:l \\atc r com ing in t hroug h th e faull:; tha t c ut 

,,':l:; w l zone a nd th e· o Cl'a ni e floor, and by th e 
", : l onccntl'a tion of Lh e:sl' \\'atc r s as thc ['csull of 

Ii . 

:1..; t r iIJlllion of t il l' principal anions OICO:;-, C(j,- , 
: -, l)~' t:llde l'g-round \ ':? t f:, i'.;;;:' , too, ('xhlbits a (;ic'ar-
" .. 11 •. -\" a rule , SOr i s prc ci ominant over t he: 
:1 .:1."; i :"! cOlld !:.' n 3~l> " 3 of stc: an1-'\\"ai(f f j e ts in th ~ 

'. ': .. d~ ' : [ogdl1t: l v:ith JJCO~ and COr i t dcte r mjnes 
,f)!l1i lo.C:; iti on 0; th,·j r (!E-E' P liCJuid phase . The 

. _,~· I .rjil"un l!i(T rn:1.. ; \1::.1, t L' t' ;:; o f thv nitrogen-CHl'bun 
. ' ;pit-a l ()f u. 'ic:'.:: e cegioJls of lhl' \\'o l'lli, ~lI:e 

j·:~·l~:..nci wIll.: 1':.; net): and C<J:1- aru prcdon1 inant 
.:n :,'11(1;1 c.:on1~J ositi ·)Cl. (ft ihl:. rrnal \VaLl't' with s uc h 
'.'::': J' , ~ itio n. T bj::: (:[.:s ~ .:; '.:lo,-~b t 011 Lh l! c'd stence of 

-.,-JJ (: c\-ep h: ~ :-::. ··-, :r/l ·(~ ~':J:!~·rE- po...;tt:.httccl hy SOlne 
<!;- : : (.('"5 (D'-· L'1J:~ r.) ~ :2. . !. •• : ::) . 

, : '>_!' ~lnio !~3 i n t~:.:-.'- · -:·~:'..: .:~< . .:~~.~ : '1".:' ... ' t:: pr(:-~~e !1 ted at 
fltl ufi:l~', :1:-, ::-: __ i'._:i !' (J~ :- ~_f.' p~"..:'.:~ :.':l':'(' of acieUc 

, -. ,_. i)() , '5 , 

'. :':u!l:1 licn h[~.::i b._-·_"· :- ..:<~ j:", c,~i.i :)t:; ('0:111Josition 
',: .1 I,::atl 1'..., . j ;'_.' . "i,' ~:''': --:~:.nt (;ati on 113L!:.llly is 

, , _l (' ontt'nt of i~- :~''-' ~' I.:: - . i .:; higl: t':r In condc n-
..:: r ~' ;Hn-g:as j l'L~ .-' [~~ :I',g ,-' .; 1) t'::"'; !i1 a i' e a ~ of 

\. .:',:jjo l.'v!r.l (L!.:t::-; -'·- :_ ,_- ~ :<i i. "': l 1.1 ICt-·la::.:_t',; thl-' l"Jnal 
;,.: ~:~ I..'i l' hi;:1 :,;.:.. .. - ~~ :'.:-. L';gh '-; , .. I-j ~}nd a 
.: "-·I):~t::f:.t vi. _~:_,- ,:~'~"J J ~;,~ l~L ;~ r (.If 

-j"j .. :.; ilica « .. :!- . " ~. - :",.,. c~~;-:':l' : ' :_'r i i:-< :: -. :'1"IHal 
; . ~.:-, 1 ." .t. :tc-x:. 

: :,':; ll' ;"!1,}nin~ ; 

:'_tl:·, i (: ,_ ~ 

:L ~ , . 

1'.> :_1:--·'_ ~ '''S . c ::...-n:::iitl:t~- , s tbr..: 
:'. (; _; · '_- :. ':.:tL;!·L'~ :! L ~ L~"iJ;.: -rl.'Onl 

' -'.I' 

" :"_ :'~ :.lh g' ·"c ' .;::' > __ :,l ,-'q lulib
:: -t '·Y.i-:~·' r~..;,tLuJ ,:-:" ::'.) de

'.: .~ ' ': -,<.i;-:-' i.:iC,.':: l',-nt ~;.!.:':I c Oll q)O -

:- ;1; :~li~\:~~:, :~ '~"'" ~: '_ ,~.' ::'-.-:';': {:: ~ ~L~:l~ l ':~ ;~:~~ :)~: f,~'(:'- ~}~ f~.'~;' 
. " . , 

.•.. ,,:~ .!.,(;~~,_ n -C.:1CI){' i;. . i~'.' :Jid t'f\d1'ogc n \.r\i.·P ol·.::;::>on , 

- .h 
~ :' . '( hi,..; i ~ i. tf1olhc?" C,\:! ;!( : t' t' {)f th L' clo.';c l·c l.Jtion 

',, ' .. {.'!·il the :;c(.'ch l·n;~(',d ~,_::j ;;.,-,uLhL:1'n1:t1 P~l' ~l :;1 c t(;rS 

.: : • :'; . :~t( ·t ('rjZ t-' difft.:J'(. i~: ~L":iJ, ,_ L:c; (jf d! ~ v f' l op1J1 t':! t of 

.. . ! , ., 
" 

> 
" 

. : . "- '::"l'I~la l II·atl'r.' . 

:\~".I!n~ Lil (' J 1'tlcrol 'l(' j~:C :l t~ , r:' licrog nu n anlou nts o f 
,: -'.t~: , Ti, and V a n,: \\'~d{'3p:'(' au in l L'cl~tlH Ul: 

l':~, ;-' l ·.'.<.tl '_' l 'S . Sr)n1e of I hl' .-'~lrnr , 1 (' s of :1 c jrj \\'a tt:'es 
.::.!i·1 ('-.:, C (" 1\ i, :'.n;l /:n (.\)''-:0;'.,;'-;0 11 , J !)70,). 11 0\\'

:', ·· ·.-·_:1 the: the i'l11:ll \\"at. (, l·'" or ,ill" l\ ]edi a n ? one h;,ve 
: ·.i,_i I' .J , 1:-; .I:L-L , ~tny c_"\oti c c Ofll jJonc nts i n anuln~Ll
,i ' !' . ',_ '. ~.!\1 ol,-"b , On Lhc 11"/1\Ik , Ll1l' compos itiun o[ 

-... ~'~' - :!.nd Jl ijc).'o-eh: nH 'nU; i n u ndeq; l'ound \v:1 te l'~ illdi
':. , '.' ::t ;t i:; ddcrmill l'd, in l!h ' maj u l'i ty uf :,lll.hc:rllJal 
_i ,."l', 'n[l~ lll .... by the ll["() "C'S!; o f lc·uc hill!-;. 

-r i
., lux "()I itr' nt Df dbs ol \'(·d slIiJs tanc"3 in Ic e landic 

. r;~" .1 .' . . ,_l l·l·'; , as compa n'd ' .... i t il u til e ]' volc:ani c l'('-

_ -:> ',c::l1·,'c-ilatka , ·J ~ IXlll, l\(:\1 Zl·.'11allrl), evidently rl'-' 
:. '. !- ,.iiI'. n'/1(' ( '') i n tll (· COlTIjJO:;i ti OIl of \VaLl'l'-bc :lI'illg 
-.'-. '; ',':~ "' , i . L· . , ill th e· eomposition a lld st l'lic lul'e ur tl H,' 
• !~.I,.:r il : t;~(·.}t' )' f·~~ i()n s . 

, l~~~ __ ~_~ r,,-~r~~_~ ... ·on1posiJJuJ1 or Lll l ' C'o l llponCftts o[ 
.:.:.:..:l2'_~,::::,.~, l ': I::~ . :Ib n), a s p r·cf.:; or t.il e origin :111" e volu 
.. , : .. r, ! i , ,l,.,j{ l\(' rrn :ll illli,-[ s (dc]1l-h o f ol'ig i_II, 1'a te or 
::: "':L! . !It , ('\JI ll jl().;il. ion of lh(' e nclos ing- r ocl,s) arl' 

",l, .. 'l:~ ~·lJhd 1}\' th ... · :;tu d:_' nf f h t' j >~ ()l ()pC' ('olllpn s Hiol l of S O/il L' 

', . [11.), ll,rI JJrll1f·Il L!. . \\ ·ith this i ll mi nrl , 11"(' h"ve anll l 
·:· ~·.d li e I,:U ' ,,, ()[ l](' lillll1 and :-:ld(lI!' is otopl'S in the rlllal 
!~l'_ :,I )1.J ' 11~1 ui I(' cland . 

~':/i:':.:.rY..~~:-J. 
:..'_ J.. :.:, _ '.1~ 

With resp(' cl to the i sotupic eompusitioH of heliulll, 
we knOll' tha t the ratio 311e/IHe in va riOll S na t ural objects 
varies su l)s t a l1tirrlly fr010 11 ' lO-~ in ce:rtu.in met e oritcs 
t f) n ,J 0- 111 in lll'ani i,es , It hrrs lJ('en cstablhhe cl that thi s 
i'a lio i s as high as Ur 7-10-?' in th c s table continc ntal s cg" 
m(, lll~; of lhe Cl'llst (J';alllenskly et lLl., 1 971) , while its 
r ang-c i n th e eastern volcanically a c tive L;o nL' of Kame-hat:::l 
i s (O , G- l. /!) '10 - 5 (:\Iamyrin e t al " HJ(9) , Th e varia tioll s 
in the :'WI ll le ratio in t e rres trial ga;jcs i s cxplai n('d by 
a lIlbdn~ of hdilll11 fl ows from th ree sources : m an tle 
hcliull1 ( JHl, / llIe ~ n' Hr',); c rustal he li um, generaLed in 
radimcti ve decay l'.'iLhin the "granite" laye r ( 5IJ e / I]] c ~ n 
'10 -~); and atnlOsphe I'jc he lium (3Ue/IHe = 1. 4 '10-") . 

Tn th c COlll'St' of uur stuc~y , w e t est ed CiS the rmul phc 
nomen a scatte recl ove r the enti.re i sland. 1\ S a r es ult, i t 
has IJeell established tha t the :lUe/IHe ratio lies within the 
(0.7-:1 , :1) · 10-" rangc , i. c . , it is lii g he r th ~U1 in the conti
ne nLa l segments of the Crtl:;t a nd approach es that in the 
man Llf' (Eonono v et al. , 1971). At the s~unc time , tius 
r atio drops oIT s igluficantly , to O. G '10-", in Kamchatka 
going westwul'C1 fro m the areas of prcsent volealuc and 
hydroth e nn<'.l activity (Tols tukhin ct al ., 197~). T lu s clif
[ere nce betwee n t wo region s of present volcanis m can be 
C-"1Jlained by the ab se l\ee of a ny s llbs Lantial g-n~Jli te laye r 
in the l cclamlie crus t, whilc it i s a s ig lufic ant l' '' lllpone nt 
of the slli)continental (Mal'iwv e t al., 19G7) Cl'lbL of Ka m 
chalk!. Till' fact that he liulll with a hig h 3Ile/~]k ratio 
ri s('s to th e s llrface ove r Lh e L'ntin.: area of I cel Hlld, 
r atl'l.'r th a n being con.t:incd t o the zone of present am\'s of 
m agmatic m elts , i s consislcnt with the hjgh ::I1l,,I-I [] e ratio 
i n I"j, :llts of t.hu ocean floor (Krylov ct d . , 1 ~I'/ · l), and 
\':ith th l' data on th e exc ess o[ 3IIc in iJ()ttOlll watcrs of th e 
OCl'an (C l:lI 'kc l't aI. , 19G(J). These d ... !;:l arc jnte l"preted 
a s r e flec ting an ap\\ 'ard flo\\' of m~r:tl(' hdi nJ11 thl"ough the 
oce anic crus t-whcre lhi s proces s i s not en1l1outlagec! by 
th e ge neration of ralliogc lue .tIle , to lhe sa lile c'x l:ent as it 
i s in 1IH' c ontinent :; ; it a l~;o {s con s i s te nt with lhe vic w of 
lcl'lalHlic- stru(:LlIl'c's iJeing "LIll i h1 r to thos e of t It c ocean 
floor. 

The general b a(~ k;;l'OlInd of lugh (m:JJlllc; - ;:J ssoc iate d) 
:(lIc:/i Jle OVCI' the ,ll'ea of ll:d::md cx hibi ts disLi-!,~t va J.'ia
lions of t11\; s(,cond onlc l'. These ,'Il'l' not Ljuit.- ' (:oll s i s tcnt 
\\' it.!1 lil(' cst,:JiJU s h"'d g-euc henucal and elllTgy zun:l t.ion of 
the jJrvs(: llt gcot le 1111al activity, cvidently becausc of eli(
fe rent de pths uf gl'n e l'atio n of lhe eon'l· sj1 ollclin~.; fluids . 
At till' sa rt le tim e , a 7.one of highee "lie / il l-' ratius ( >~ . 0 
'10 -;') ('xL<:ncls aCl'oS!:l Icel and in thc geill'ral di r c ction of 
the syste lll or lil e lll.icl-oceanic i'jdge , and coincide s \\·ith 
th e ilktUan ZOllt' , i.n till' sou lh e m pa rt of til l' i s lane! . It 
coincidl's on til r.' no rt.hwe st with a p l'oha iJlv conti nuation 
of til(' Hl'ykj a lle s- L:lI1 g Jolwll iJl':1nc h (O\\':1. l ·d Sl,aga ];;! a ncl 
and farthe r on, to a junctioll with Ule Kolb c.\' II SP\· s ul)l11ar 
i lll' l'ans e' . 111 additio n, S OIll" o[ Lh e: an'as of the i s Jallel 
('xhi IJil:l ,lin'ct C01Tl: Ltlioll of "I1e/ III l' "at ios with Lht' cun
figura tioll o f Ja.ycl.' .. :;" of th e Ie el :lIl tlic Cl'u s t , :1.S d e t c l' 
mU If·d i>v I.h (· se is !l1 ological ill ves tig; l.ti()IlS (P:lllll :lS ll ll, 
lU71) . Thus , t ile' v;111l (,;,; (l[ :l ll e/J lll' ill thc !'mal gasl's , 
amI Lhc-i l' s l' :d.ia l ciis ldll utio ll, rl'flf.'ct impo rlanl [(':ltun's 
or dec p !;C'uJ.og i(' :; tl'uc l. lIl"l'. 

In C Ollt l·~,;t to hclillm, thl ' i s nl.opi c COD'lJl>s iLic,n of s1I 1-
flil' ill Ilndl'l'g r o lll1d \I'atf'rs :1I1d ga ses d ea d y L· ... dlihil" a 
ck'ar·- cIiL ;CO IWl.iUIl cUil,; istl ' l1t. \\·ith the 0\'L'r-',1 1l Sll·uc-llin.' 
of tllC i"lalld a nd with zo natiun (,f lit " l'it l' nli c a l cOlll]1v:; i 
t.iO II o[ till' [')11:11 lI"a tE 'l',: ( \ 'inng r arlo\' l'l a I., Vli·I) . ,\ s 
illus t l': ll<- d ill I·' ig. :; , til\' cO l1lpos ilif11l of s lIlflil' in lit l'I'lll;l l 
p! 1\ 'n(lIl I,' II a :lssol'iaLl'd \Vi tit \'olc:1I1ical ly .aeti \' l' IJ l.'l.!1c lh ' 5 

of the :\kdi ~11I ZOIl (' (,Ol' l'(',;pollds tu Lha( i ll 1IH' llH' ll'OI'iC 
I.n>i lik IJdic\eli to be lypieaJ. o f " C' l ' li, 1I1ldi fl'c'J'L'lll i ;lkd 
H '<ll'b l'" o f tile (';,dh am] :lC Ce'llter! a s a s ta mlaJ'( 1 of (' ("11-

p:ll'iso l1 (u ''IS '' II';',;,). 111 lh L' l11 a j oriLy of thc l'n:;llI'I"'nonl -
(' 11 ;1 lIuL;id, ' of Ih(· l·"g io/ls o[ acti\'(' \'ulc anis m, tb l' \·:IIllC.·, 
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Fig. ~! . Is otopic cOllljlosition o[ sulfur in thennal ph('nor!~,-' n:l of Ice
l and. 

1-;;) Zoncs of o ;!!S valu e' in ~II': 1) <;; , 2) ~3-8 , 3) >:3 ; 4) tested the rmal 
!Jhc oonlena; 5) boundat'ic s of Z(ln l-' s of active vol cn.nisrn (Thurari l15S0D , 

1:.17 0; Palmason nnd S:wmulldssO Il. ID7·l); G) bOllllCiades of g bcic-r,3 . 

e,f -' . '7 . ;JCX~o ; and fro n) + 8.7 tu 
; le t' .:ilG .i. · ,.'U ! H:: ~ 

::i.-c ', :., ;:'J;' :Lk '1 , ;C; .···,:ci:l.< ncd by a nlLxi llt; or l1uid s 
\,,·lth (Uii'e -t ·'.: :_L '_) !'i~·ilUj. 1:-: (li"ur;ic conlposition of s ulfu r . 
(.of : .!rl:" ' j. , _ _ ""-:, , .! ~ , :, .::, t;:.P: ·.· ~i':~TC concit.'nsatt',s of ::;teron-g.:1S 
i:.: L.:: .-: ~ [ ''!L :·. IE-l:':'._::~} ::on ·~ .. \ ','!':-.; :' (: sulfur ori f;'i natl:.s in vol 
e :.;.:;;:' ;:..:; ' ... :. : ,:,, ' ::2[ ,) ,'··, ,·t" 'Jl'ic) va lli e o£ O''I ::; . The 
S(l; i i\: :2 G·f ' .. ·L 11:.1':: ·.'."1 1.[1 '-'. ·l~i"L.:' i : C nt i s otopic l'olnpos lti ol1 i s 
th, ~ ,:_, ,_''=' ~L C .s:.L~ r. (Uf: _t..,·l c :-: ·,',.·d.h up to 6 :·\.I s ;.: -i ~O !~/on suU'at.! · 
s ttl fu:' r '. 'I~ d,_ r e d llt:-' [... \':(: .r in i :.:;o ;.opic fractionation during' 
th ,~ ;:'·OU1:·;C f;~ 6i..' \:;10gic~u ( :<Jolu tiol1 . 

T ilE' :-;in:.:la.l·ity of i sotupic C'ornposilion of both the 
sulL.: :!.' 3nd :::ulfiri:.: s ~ll .. i :..i r i n t.h 01"D1:..l1 phc-n o111c lHl ot" t he 
!\ l('di ClC! ZOL't·.,.: af IC i: land ~uJd the nH.:teori.c sullu 1.' , in co n-· 
j UfH.:a(Jn \'."j i-!1 the ge:ler;'J g e o t.c c.:ton.i(; position of th e 
i ;jland and with j ts oth t.: r gcoc helluc(u and g-eotiH:' rn1al 
featurt:';:j, su g~~:l;s ts a j lrvenjle origin for SUUlIl: ill al'f_'3:-;; 
\\'i th 2. high I.H'c-Se!-lt gcothe rn1al a<..:tivity ill thh.; zone. 
This ekudy sc·ts Ic e l and ilpo.rt from volcanically active 
K~l:n1ch 2tk:J. a nd j>;I": W ZeuhuHJ wiH~ t·C t!l~ j uvcnj !c: l:on11)0-

l1c:n ts ha\' C' l, ot lJCC: ll i cl>::ntlLil-d (\,inog i'at!ov, 1 ~1 '7() ; Wi!,;oll . 
lO()G). it i s bclif :\' E' d tha t t ili o' i,; due t,) a l'ont'tJlIil1~lllc):J 
of volc anjc a nd hyd rotherm a l Clll:1llatiolls IJy a " hc:! I'y" 
sulfur of O('l· ;:tll ic sllUatc o.ssimilaLcd by til e eontil, c nta l 
and sui)c:ontim·llt:J.l crll s t of thesc n:g~ion s , cl,II 'lll,( 1.1)(' 
COlli·St· of its dr· \,clopmc·El. T ilus , i s olopic cornpo.oiti(Jll 
of s ulfur in til e rnwl piw l10mcnu of Lil e l\ liddk LOll<.' of 
Iceland , too , sugges ts a :li He ren l st l'llct.lll'e of its C'l'LISt.. 

The il~avic l' i s otopi c: compos itioll of s u lJul' in tl,, · 
coas tal thermal phellon1Pna i s the l'e" lIlt o f drawing of 
ocean v:o.tel's in to th t! prc';f.'nt hycl~·"th c l'lnal Sy:-; Ll'TIlS . 

Thi s j" p a iticlilady well expn>:",t:d i n the I{cykjan(:" 
P C'nins llla Il'lwrc' i sutupi c G()1l1position or s ulJur ind icale,; 
tha t lintc al' fa tllt ,; ill tli " OC tc Hn l1oo,' c ontinue Io ]' ~ II ktn 
over tht: p c·ninsilla . J\t the .oam e linw, i s ol.upic compo
sition of .~ulfLic j ,.; clo se to the IIwU:ol.·ic . at lhe siluthel'n 
c :-: trt'llli ly of th e: nonvolcanl c zonc in Lh c area of tiJf' 
Edj adla JlJkull, in a 1I1<'nnalloc;IUty c; I; rn fr O) ll Ul l: 

s ilo t·c. Tlu ,; thC:J:malplll·l1fJJ1l t.' IH)1l lit·s on Lll<' l in ;> o [ liw 
Vcs Llll a nnaC'j :tr \'okom i c :lI·chipl'lu ::;-o--l·\· id tc nt.ll' a deep 

fault, although the i sotopic cOnlpo:'iti o n uf s ,dJul' inclic:1t(',; 
that th e sUl'f3l' C' t::..:pn:5:5ion of t hi:-; i o.ul t is. nut presC'nt 
('\'C·rY '.I'il(· n : . 

Th e s tudIO o f challg('s in isotopic cor'~Do~ ition o f ::;ulfur 
al (> n~ th e tn~ncl of t he' '.l u li ,ll1 Z a n, · n: \'cai~ impol't~1nl gc o
l O2,icCll f:t c ts . . Jt has fJL'L' n L's t:lblish .. -1d , fo r c>xarnpll' J t h:lt 
the \"alu C:'s of o ·'!S i ne l' c aS t' in t hE: sou th 1.1.' (,5 t f> I'll branch uE 
the i\ Tt·cli:l.n Z one I north of Ti n6\"l'd li r . T C12t Sl1 g-gl_' sts th e 
absence or jiI H 'ni ll- II , :; i nf1o·.-: , ;l nd rr.a': "Y.' intcI'lf t\ ' tcd :!;; 

til " r e sult of [he di\'ision f .. f t hi s Dn.n (,[ t"' .• c iJr:tn C: IJ int o 
Sl'glll l 'nt:s, as a l rc:tt:y pointl·r! out in t1 .. : anJJysi s uf rli ,;tri 
!Jution of the hydrogc-o lh l:rrn:l l \'. at.: Co' , 

Th:~ enl'~-\~ .(- ffL'~ t , 0\. til ll l·~I 2.1 \':~u.:, r (Ii 3cha r~~' . ._\ . ., 
n,:p L'a l ~u l,\' l nL·nl..H..)[1 ,~ c:. l)(' leu · t. ' > c\.~a i.. p~tral~l' ·i. f...· l":3 o i thc'rn1:d 
v:at~l'S , closel." n.: l~lt(· d t u rh L" ;._'u t'hl ' rn i c~d a nd l'c'f lL>cting' : 
8.:-5 t.he l a lte l' do , the ("I)nd.it ion.~ o f r!-t t, it' d~.: ·. ,_ lOPlllt ' llt , ~11'l' 
qtuil: s i nt il~l' w jthi n th e; S.1.n1L· fl":d ru t hL r!i; :..~ l z on t' ~ \\·hu .... l., 
lateral cli s tri bldion eni1:t llccs Li :~ prin'cipa l "~' l. l f);;.i (' a l f"a 
lun·s or lcL'l:lIld . . T h.h is paL'ti cc: b l' j; ' ·,'. c· 1l. , :·;pl'c ~ sl'd i n 
the ya riaUon~ of specific: l ' I1,-=rn: : t_,fi'ect of d: .-cll a rg l' o f 
th c rm:.tl \\'aLl'l':> (Poll · ~:,,!.; a nd Kon"l1o '.·. 1 9 ~ ,;) , Tlti " ('[kd 
11 0:; been (· s ljn1~t (·c! [1"(11'11 th e' c ~ k·ul.1. tl...· d to t ' ht':l t lil)(' l" 
,l t l' d b,,' tll('r111 ~ 1 \' at ! r,~ of thJ .... o~· tha t r L,:..':!'_'·l b t..· tunglng

J 

as Ul 'I llonstratc ti, to Or a: :tn d t.h e :;:tlll L ';1.'0\... [-:1_ lni <:~d t,\·P{ '; 
and fl'oin Ihl' )'c c! uetjon of til': 'a lllC' t<' l t 'l ( :le'·, ~I or the r c" 

bio /l lU lflt'l- s tudy. A dl'finitc- z0n::n i ol1 i::. (il.l t".: rl :li nc..: d a s ;-l 
r('s ult; it :., ('lc.'J)) f' nt:i , togl- th ('}- '.,, ·ith u[ [-:\.' 1' ;-i...·o·~ n'_' l·~· l·hal·
~ (; l c:ri s( i <.:s , are illus trated i n Fig: , 1_ Pa rLi ~' ularh' COI1 -

sjJiC'U lJu., il l' rt· a rtc' (ht:' '. ok:1niealh ae u ,·" b:':'c ne il c''; ' vf Lh e' 
)j ( dia n ZUllI.' : ll1d '; 0:11<' an.' :ts c: cmlj::;ulJu;; t o tilc· rll. , \ fact 
IJartic:ub rly imp oet:lnt in that c O :l!w ctiol1 i s t h e It .'. d l'O;';l'l1 

t.\1J c of thC'1'1ll:11 t1ulds i ll th t: .\ll:dian ZO :~ l· - CU:l':5 id t· I' i n;.; 
tha t hydt'o~C'1l i s the 111 0:i t acth' c, 11:t\.Ul',11 ill'", t l 'a n i! ' l', I':ith 
a Sll tx; ific heat <: ap ~lc i l~,: f()lIl' tin1C: 5 hi ;;h t: r U1~l n for \\ atCl" 
:1nd :? () LinH:: S hj gh e~ r th ::~n fO l-b ~t.'3a l t . In :!.L~d.iLi():l , it rn i -
g r' .. ltL's readily , and i t.::; gl·nl'l"".ltioll- \\ i1 e n dt- , t t~ rnLinl'd , fo c 
c:,:aD"![Jlc- , I..I,Y Sc' q)~ · nli ni z0.tion-nl :ll, - be ~ c-L' o!npatli L'{ I /) \ - :1 

lu g h yidu u[ It c· a t. li 0\'.(; \ 'c'\' , t hl' tnl ll c U'ct. t of this pro
c\.· . ..,~; l n~t.\' 1.1( ' n .:dUL' l 'd :)\. a (J){) l.in .~ ot" l h L ri :-.; i H~- g.-as in j( ~ 
a d iabat ic C'xpan s ioil. 
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~ :l!nl' iInl(" th c: ZO fl c.lti OIi .~o ticterrnilll;d l'X 

! -.. :ill katul'es o f hydr(j~( ·ot.hermal com/ilioll ,; i.n 
. :.rls of thC' s ame s truc t.ura l zones . Firsl elf 
, !,..; a ,~;ig rti fic- a l inhoJ110g l'I1Pity in gCOC I1 Pl'gy 

' don!~ ti ll' trend of \'olealtically acti \'C' 1J1'ans hc' s 
.. i! 'U1 Zunl' -inholllogc n('ity S\isg,·:) ti11ri th e cxi s t

_: :1'". " p:c ·o e ne r gy barri ers " tran",vC' rse to til<' 
, .::; i ::; iJc:;l ('.'·.pressed in :1 :;hnrp drop in h t'a t 
~ ~': tilt, tlH:: l' n~a l \Val (-' r.~ i n i!l C n f' ~ l" - Ot;Uall ex-
,': l.I,,· nonllf' 1'I1 a C' tive' , con,, ; an,1 ill the sepal.'a

." :t l'crt or i ntense hyd ~' u[herr:.)(d a<.:tiviLy i n the 
'-, ","t of Lh,. · SOltth\\'e: stc]'(, br~, nch _ ;\!lothe r 
....... " r:~('t i '::-J t.he diffe r ence ;) (: ~ \vE-t' n th e norLh0 1'11 

' . : ~~ ~ I'll b l·[iJ1(:he .. ~- c1e~pl t.e t.:li E' :-u·b it.l'ary characte r 
~l.:,rlhi s i ol1 . Th E' stn ",(, ' 1 tptwt-t'n the soutilwest

.:,! ,")u ~l thL'rn Ol':: !1Chf'S (F~'~ iJD:tl' ::-':OG e) appeal's lo be 
1" lh ~ln (' :,q;i. co;:eci on the t: '!S!.3 u1' \ u-Lues charac -

.. I) f lh t· othr'l' r cgIon.:. . -=-t.-:·n ~ .s €'ern s to be a Cl!l' 

, ~.'- ~'al difl.'~·r .'!~lCf.: lJ( ~.;.:~,,_. __ ,' .. · .. :-...·c,·stt.' ~:n n.nd south-
.: !c<:J'!I)r! : ;.: ~ i-":prC'3:::~ :', '~;::: c: 1't.:':1 ted of ~ 6'eoene r gy 
,',tr.\ of the e: nti.l\: 1\: =-~ ~ :: . ~--=-0ng its 5ub13t:tuuinal 

:'!. , , ' t ;'lgC' o f :2 . G uc.1. l ' -:." ~,t.''': f~',:,!tl ttl !:.. e fil i " C ze;nf ' 

\',11c-an isIl1 , i~ li t)~~ :'ll\;: : :'" ~~! .. ; ! ~S (, :;:'.d ·g-=! I}f 
", :1 L '~ r3 , i. C. I 8/;( 'C ; ' 1' =:_~':'~i.:.' :-1mOul~t :!.:-; f,) ~' t:le 
!1d cOlJduction h ?--[l.~ --j' ': : :-:.: :-' ~')g !.~l'~ tO i _!C' ~ -

: ~ \\holl.' , j ~ 1 pea! c-: ~ -: ! '·: i ' :..~:r;; u~t th ·,: (,1. \e r--
. :'.,-, p t~t n L' t J.l':\ ' hl,~S (.: ' .. 2' :.'\ L'c·n dc. ,. t i0!l . 

-=-=~~i:l ('fll..C~..s~.Lg(: (:,.::. __ . ..:~~~ _' : : \' ~ t, . , (rJf :'l:-: : . .ly -
..... ~ jt po :-;;-; iL)..: t ..... .1 1.':-, . .. ·, . " ~ :t' ~ r: r,: ei ::c·c r. ,) f Pl:t.'S -

: .. ::J .. '11 ill u.") t : ':l ;. '::-·"~ : , 

o . '1(J uc!ion heat [lO\\' two cOll spic uous ma:-:im u 
of t he cx pe ndit.ul'C' o[ inLr~l tC'rrC's tri a l cne r gy , corrl' s pond 
ing Lo the south\\"('s Le t'I1 a.nd s o uth e r n branc hc-s of th e 
i\ ledian Zonc' , and t'd l C'c:ling a ~reat lo:.,s of deep heat in 
lile p I'es!! nt volcanic: and hydro the rmal actjvit\- . Th e \\'c s t 
e l'll pea], is fla nked by thc less c:oll :;picuou s b;lt a lso quite 
exp t'es s i Vl' m axim a corr esponding to sC8."m e ll ts of d evclop
m e nt. oj' the nHt'ogc n-carbonate thermal I\'a te r s along t.he 
p C' ripl1C' l'Y of th e soutil\\'cs tc J'n zone . It i s \'."it.h these pe ri
pile r al maxI m a t.hat s om e of th e va lues of conduction heat 
flo\\', l'l'g anl ed as anomalotts , a r e a ssocintcd . Th e ir sec
ondat'.\' o r igin i s obvi ollS : th ey coinc ide with Lhe total he at 
los s in thc llIeasnred zones , with cO lls idf'ration give n to 
di sl'harge of th ermal waters . 

The pl.'Ofilc gi ves a d roa!' ide a of th e gen e ra l inte ns ity 
o[ the l ,,:-;ses of i ntl'a - tcn:t';s trial e ne rgy In a ll [a r m s of 
geo t'he rm al acth'i ty , and of the rdati\'e role of eac h fonn 
ill this process . Con s iLi c" l'i ng the te c tonic pos it ion of Ice
bne!, it 1,; of int.e r cst to c ompare these data with th e dis 
t r ibuti on of hea t flux OVE: r the mid-ocea nic l'id~es . 

Up to no\'/ , In eas uremc nts of conduction heat flo\\' lI"e 1'e 
th e only ua ,; i s for judging the gt'oe ne rgy r egi m e of the se 
l'i dges . Althoug h nobody dis pute d the iwportant r o le of 
heat. rcmoval by volca,nic une! hydl'Otherma l activity, in 
addi.tion t tl c onduction, no direct evalua tion of it has bee n 
olJtai n <:d in s ub ma l'ine segl.ncnts of t he r idges . Consp 
'Iuenlly , a n :cluctioll of c o nducti on heat fiow, down to ze ro , 
us ually is r cgis tereci ove r the a:, ial parts-dft valley s -of 
th e n1E'c1ian rielge,; . Tilis reduction i s r eadily ex plained by 
a lowe ring o[ t.i l(! vertical tcmpcratu rc g racliC'n t in centers 
of di s chargc' of deep fluid s , on the ocean flool'. 

; ~ ~ll vf til l ' Lh !.'::-l· i_o j':" ~'''. 

:'_. : :· .,fil S'!'(l · '.:-, ;.J:':. ' 

.. '~' ~" __ J\.' ..• :(; .~ f d"" 'lJ h r .", ':: a~ 
:'::j:,;:.idt·~~t.:"'d. Th ~ :.: ~;~t· u-

Fig,ln" ·1 s hows t.h:lt the integral eu noc of heat los s in 
I celand (L 0) diffc t's from pr ofi les of condu c tion heat flo\\' 
for the mid-oceanic ridges (cu rves G and 7) solely in the il' 
axial pads . The proLilc-s differ i n the same \\'ay from the 
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Fi~~ . 4 . Cc·o c; lw )'g .... " m Ule across Ic eland ( SC'(' Fi;:;- . 1). 

l -:n Ou tput of dc·ep heat, ill m ccal/r'Il1' / ,;clI ; 1) by conci lld..io il ; 
2) by h,\"d'-")ltI0) ' Jl1~ 11 w:-t.Le r s , :1) hi' voh: :l nis m ; -l 75) vallIe'S or <:on
d uc:t i.on heaL fl (Jw: '.1) i> aGkgrulIncl, 5) 'lItOm [\ IUlI S; rj-~)) eli s Ll'iiJlIt ion 
tio"iJ of l",ndut'lion he at fl ow: Gi ohse l'vt' ,] over neyk.i ~nes n idg;c 
(TaIwan i d [\1. , 1 ~) 7 ' 1), 7) aV L'l'<l;;,( 'd I lO nll ~d i:·:ed 0 \'" c the J IltlO

, \ Lian t.ic j(idgl' (Up cit .), S) i\l:l l'bcl\",j(' )lloci l'l (:\1;rck":' llz iC' , 1 !J( 7) , 
~J) L.,· l'j cl ' ()Il- J ~l nf>; sL'f !J mod", l (Ll' P ichon alld T..;1ll1';se Lh , J !.)[;!J); 

( 11) "; llloot.h ced-ovl· l· i nll.'gt': ll l'llt,\·c' of t.lw l'nl' rt's dkd u f jH·t' ;j-
l't ll [;"othl' nnal :lC't.i \' ity in kl'l:lIld. 
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t!lL'on'[jc:d di .-<O·j lJU t.ie'll L' lI IT,"S ~; :lIld :) dC' J' i\'ed f r om 
\ ':! riotl,s Ih':H 111lHh.'L~ or sp l'l \ : ll Lill~~· . ;\ t t ltt' sanl(' ti tltl' , 
CU ITl' 1 () i s dO."l' l · to ( lie' t lle'ol'd il': il, alt llough it-in 
contrast tu IhL' Jl\od<'lc'd :uld siaLi ,;l i l'al-illusLrate':3 th L' 
a cl.lIal distribution 1';1 tlw !' t llan (II:I ( IWl'lll:ilize d [or dis
ta ncl'~ :mel t.1lL' l' fkcl of s l'l'L'a li i ng;. ThL' :;:l'e'aLvst. s ilH i
lari ty to the lct'la ndic integral ('UITe ofhcat l oss is c :-;
h ilJited hI' the curve of cltstribu tion " f conduction il ea l 
l oss, de{.i\·ed from t he Lc Pichon - Langsc l.l l model fUI' the 
l ncin - ,-\ti:milc ridge (Le P ic hon ;llId LlI1gscth, 1%!l1. 11011'
t' \O (, l', tilt ::; sinl i larity s li oul clnoL 'bl' n\' l~] 'cs till l <.l L l' d , IJl'
cau,; ,' the ilutho rs of this m odel, t.iH'lllS d l'L's, IWll'itS 
li mit:~liC>!1s elUe' to omi ss ion of con l'l'c t.ion ilea l. loss. 
Til, ' \' s t:l tc- lklt a hett.e r C01Tc' s ponric'ncl' of thi s model 
\lith 1'o:1./ir.l· IVCjlurC'" :1 11 ansll'(' r lo t ht' Cf llc s tion , "how 
signi ti '2:1 nt {U.'L' !J i-:'at l osses i n di .:;C'ha l'ge of cru s tal water's 
t.o ti :.' oC'C':!: tic IJoltolU wale r s ?" ln o ur opinion, tlte s tlldy 
of ; vuthe l'llul ;ll'ti\·j[.\' in Ic eh nci p r ovidcs that answer 
b," der.:_'rr:1itling. both Uk' ene rgy effect of the process and 
it ~ l"~ L:ti,.)fb hip \\·.i. t il s~lb:.:rus ta ll'caches. 

Tliu5 I a (h:·tf.> l'rru na~i Gll of Lh e geoc henli cal =:l.lld geo
l'ne i' :~ : • .rt';lt~1 ,'c' S of pr l: s e nt geothCl'llla l acti vity is helpful 
i n "t~ • .''; ing i', ,, ,,log'ical nnci. tcetonic pl'Obiems , by shedd
i n; li~I·. :~ ():1 d ~· t:l i l s (, r t~, <? ~:t ructure and cvohtti.on of vari
(Ll~ '~(':-;l:i~::lt.~ 0:'" 1 .... h2 ClO·J.-:.:t , 

L ~il ',' ('( ,U:5£' ,_; : t:;'~lL' ',"oJ:I; , the authors maintained 
clo oj (4 {:,jl"!L:.toL: \o:.it~ : t>l~i~' r~".;c' lanclic co lleagues , partlcu-
1:'0 ~ o: . 0 .. ', · ~ : b ~:"i.-r:L ~ 0 I >i:..<."r; r~ns50n , Prof. G. Sig-vald{tsol1, 
and 1)1'5. C P~1.11;::"S(!f: :tnd S. Al'norssoll . \VE:~ arC' deepl }" 
t '; ' :cf."f ~l :: ,1..: ,,' :"~er:' : ," ~ ~:t> i l.' suppor t in ollr invt' stiga
t ,::::;..:- , f":':_::;: :.:1 L~ i:,\..''-':::.:~~')d , .... r rh e results , ~{nd the l oan of 
\';-t ~·i . .J':" :: :-:, :, ~ ::o :-; :' ';' ;;0 ''::-' ':'::.0 :u:Ulcn:s are grateful a l so to all 
C·o:·;':.I..l.Q·-::: ~~· ':1 1L. I :: 2 J, i~' ~ :: o~p ·.: (lit ion) USSH Acadf'f-r' y of 
.S,·'~cnc ,~s ?o 1.;i k; i L ~: It:: 'v:.;.:o!-. ~'o rrespoJ1ding :\'IcD1b (: l' of 
tl" o '_-:c: ~ ;:-{ _~. (.:..j"r:-, \' ,, : ':: ":,: ,':;('[: Prof. V. V . De lousov , fo r 

A i'l'''2X c(>ntc·ibutl ,.::; , .~; th is work was made by UHc 
c hf· r:°;i .:-.[.-:--. G . r..: , \0;.1 L. I. F leysh , ane! V . P . Shchp l--

of ',':ate 1'8 and gases j and by S. V. 
'rl r : i,U'E",':'L \', h.-:. :-"easu;'C d :It':1t conductivity in roc ks . T he 
d<ll ~L Clt,::Q on i.30toopic (:o~r!p '-l.3i tion of he liunl were o b 
t ain !.:~ i:l th2 .s tudy of g2.th0l"cU Inaterial, i n cooperation 
with P ,'of. D . A. ;\):ll.!1'.'l'in and L . 13, Khabarin ; those 
bearin g (.i n ~. dfur , ii1 c:cJ');)'2r~ltion wi th V.l. Vjnogradov . 
The Co ~\t(: nt (jf • ... nTiou~.::; P (l l'ts of the articl e \vas cii sc lIs s l:'d 
\\'i~h C'-,!T t:o;Jcr1rl'ng l\kmbe l' of the USSR I\cadc my of 
Sciene>:,,, PeaL 1\. I . 1<:hituro'l and Prof. V . 1. [vallOI' ;\n(/ 
Ya . B. Srni1"no\', who cont dbuted we i ghty ol>servaLions . 
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