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PRESENT GEOTHERMAL ACTIVITY IN ICELAND

V.I. KONONOV AND B.G. POLYAK

ity is a sensitive indicator of deep geothermal and geochemical conditions., The

£ voleanic and hydrothermal activity, and the zonal chavacter of the chemical
har, s, obsevved in lceland, are quite consistent with the geological and

s parts of the island, The Median Zone of Iceland, regarded as a

¢ rift, is characterized by large hydrothermal systems with a

ition of the hydrothermal springs sets Iceland apart from volcanic

The isotope composition of He and S in thermal tluids indicates a

o their development as well as the similarity of Icelandic crust

‘em?/sec, has been observed in the distribution of the background
the position of the dMedian Zone. The intensity of heat of hydro- ‘
d fluctuates regulurly over the area of the island and reaches a
in the southern branch of the Median Zone, Current data can be |
z thermal conditions in the oceanic rifts. ,

A ge

: of all the The present article is based on material obtained
mainly during our work in Iceland, in 1970, as members f
of the group of the Geological Institui:, USSR Academy of

Sciences, and the 1971-1973 Joint Geological and Geophy si- :
cal Expedition, USSR Academy of Sciences. In addition, [
we took advantage of refervences published by the Icelandic

e evalua- specialists—primarily by the gecochemists G. Sigvaldason J
> compari- and S, Arnorsson; geophysicists G, Palmason, T. Einars- I
different son, and G, B#dvarsson; volcanologist S. Thorarinsson;

l'xc.lun

of deep

Lie 1t
vl the tectonos reby provi Can ap- and the composite monograph by Barth (£950).
o tecionic m
In the interpretition of material so obtained, it should
conveetion fori ! , & geo- be keptin mind that veleanie activity, whose products }
Joxpression of at transfer, entails geo- cover the entive area of Iceland and make up almost all of .:
i

uul '-vo(,lx( mi¢ uences, For that 1'(~uson, its visible section, were concentrated in the Quaternary

in the transverse Median Zone and in the Snaefellsnes

provides means for
ionie (&)A]C([)lo to pe ’xulo)u al and Peninsula,  The major role in the structure of the Median {
, more specifically, to the discovery of in- Zone, regarded by many investigators as an unusual lanc ! ‘
i

expression of a rift valley of the Mid-Atlantic Ridge (Mura- ‘
s to deep linear :

tance at, ov near, the sur-

Swvenile (mantle) st

fthe carth,  Geochemical investigations of hydro- tov, 1961; Thorarivsson, 1970), belon, ‘
y give an idea of the character of combust-- faults, Therefore, the abundance of fissure cvuptions is [
‘

us and agueous fluids as well as of deep thermo-
conditions,  As shown by experience, it also re-
wocorresponding specific structural and tectonic

s,

central type of volcanic structures also are present here.
It is the latter that ave responsible for the acidic and in-
‘termediate voleanics whose volume uccounts for a mere
one tenth of the volume of basalts (Thorarinsson, 1967)).
In the Holocene, voleanic activity concentrated in the

north of the Median Zone and in its axial pavt; in the south,
it was concentrated in two separate bronches at its mar-
gins, In the southwestern branch (Reykjavik-Langjokully,
modern voleanisim is confined to the southern segment, K.
Sacmundsson (Palmason and Sacmindsson, 197D believes
that this south-western branch has (or lmd) an independent

;
§
!
distinctive feature of Jeelandie volcanism, altthough the §
{
i
t
i

seothermal activity of Jeeland, its most spec-
wologic leature, is interesting fivst of all he-

2 position of tht' island on the axis of the Mid-
e mf?:‘;c The structuve and type of the Icelandic
wdits velationship with the stracture of the ridge,
2o dizcussion, Therefore a s study of hydro-
Lactiv ity in [ccland, and its compavison with other

“eally and vole anically active regions 01 the world, extension to the north, inthe arca of skag I1sland and re- ;
s clear up some of the obscure points, Should the flects a former projection of the "hot spot' in the rift [
factors of hydvothermal activity in Iu land be valley,
L, they would provide a standard for determining
‘

es of this process in the global system of mid- The energy cffect of voleanism is quite strong. We
Mo pi N e . |
J Jiave made an attempt at its evaluation for the period of
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Iceland scttlement, i.ce., the last 1,100 years, This
evaluation is based on historically recorded obscrvations
of voleanie phenomena and on data obtained in special
studies. As a result, it was possible to caleulate the
volume of ejecta in .u‘i()us parts of the country (Thorvar-
insson 1‘167.\. Henee, a rough approximation of the
geoenergy effeet of voleanism is ret adily caleulated,
l\t eping in mind that libervation of heat accumulated in
the cooling melts is al a maximum here (Polyak, 19606).,
It turns cut that the average effect of historic voleanism
in Iceland, over the avea of its manifestation, is about
4.5 u(‘a1/cn‘—,uec- and that jt is particulavly high, 6.
peal/em?’/see, in the southern active branch of (hc
AMedian Zone (Fig. 1), The majority of voleanic crup-
ticns ave associated with this branch, among them the
1733 Lakagigar eruption responsible for about
£ the entive volume of lava poured out over the sur-
fthe ea for the last 500 years., The best known
i and Katla, also are located
volcanic island originated in
mannaeyviar Archipelago, on the
rerond the Jand.  An eruption oc-
, in 1973, Manifestations of his-
ibuted fairly evenly over this
wn in the southwestern branch
d Cape Reykjanes, Calcula-
- energy effect of historic vol-
here of the volcanism of the
Iy cne quarter of that in the
The volecanism of the south-
ut 75 of the total effect of

" the southwestern branch,
¢ :d for by the Snaefellsnes
v of the Erajvaiskud] Voleano,

;o established for the aver-
1 not only for the his-
:s ol the geological
onclusion is based on a de-
of Holocene voleanie activity
estimate of the volume of
ititied with the Quaternary
971). On the assumption that the
.mn of llu- latter covresponded to the
o, as reflected on the latest
;1 eL Szlemundsson, 1974). The
average : rgy effects of Icelandic volcanism
overt hc areas (i3 manifestation, in the last 0.7 m.y.,
turns out to Lt 4.0 peal/em®/sec; the Holocene figure is
5.4 peal/cm? The second figure is exactly the
same as obt: urw-’l carlier by Bodvarsson (1954), Lastly,
according to Walker (1963), "the belt of actlive volcanism
in Iceland remained almost unchanged during the Ter-
tiary and Quaternary, The width of the bell did not ex-~
cced tens of kilometers, while the intensity of volcanism
within it remained constant' (Thorarinsson, 1970, p.,
123). It was therefore possible to compare the est

o

imutes
of the geoenergy effect of voleanism and the more inert
forms of geothermal aclivity—the background conduction
heat {lux and discharge of the thermal springs.

The background heat flux in Iceland, as in other re-
gions of modern volcanism, is significantly highcr than
the average for the planet. A feature of the geothermal
ficld in all such regions is its extveme diversity, i.o.,
an abundance of strong local positive and negative
anomalies caused by the movement ol underground
waters, Therefore only a [ew tests drilled for that pur—
pose have discovered an undisturbed regional geothermal
ficld,

The heal conduclivity ol Teelandie rocks was esti-
mated by mass measurements on specimens selected

that of the northern branch,

cores at the Department of Natural
and characterizing the principal
of rocks with a degree of "fresh-
f heat flux so obtained turned
> about 2 r than accepted for Ieeland on the
f earlier = olated estimates, The attendant
inations cf the conduction component in each
ometricallv studied drillhole were based on the

5 of the ge rmic gradient published by Palmason
(1957, 19749).

The reli-

A comparisen of these figures with statistically oh-
n=d average values of heat flux in voleanie regions on

¢t polyak and Smirnov, 1968) and in zones of the mid-
-hon and Langseth, 1969) has made
and exclude from the regional pic-

: 1 associated with the rise of
thermal w atm‘s‘ and to determine the values characteris-

tic of the undisturbed tield: The spatial distribution of
bachzround cor tion heat flux is illustrated, along with

raracteristies, in Fig. 1. Its principal

other geoeneryg
zone with 2 higher background heat flux

feature is that @

(>2.2 peal/eny zec) is considerably wider than the Mediaa
Z¢ witha g Z > same trend, This broadening
of the zone of hi © flux is consistent also with sub-
maringe measuy s 1t the Reykjanes Ridge (Talwani

et al., 1971). sc measurements indicaze that there

¢ in heat flux on the sou tern slope
ne time, the pattern of h » field
ever Ieeland exhibits trends trans-
we—such as the Snuzef cllcneq—

v Jack of measurcrments of heat
astern leeland, and their scarvceity
< unlun(l, make it ditfcult to judge
se trends can be related to

is n% usual decy
of the ridge. A
of conduction h
to the JMe
avskudl ax
n basins o
between Iecland and Gr

to what extent, if at all. the
volezan-tectonic zetivizy in the Britain-Arvctic belt. The
avai ¢ data o . r). nmark Strait (Lachenbruch and

¢ a fairly reliable evidence of
‘n hj.u,x:‘uthcrnml conditions in this re¢-
western Peninsula of Tecland.  This
wa, the as the eastern part of the island

3¢ made { Miocene platezu-basgalts), is chur-
acterized by minimal values of heat flux,

Marzhall, 1965)
ilarity bhet
id the No

nst this regional geothermal back-
ground arce anom ciated with hydrothermal se-
tivitv. The total number of manifestations of this activity
inJeelend is close to 300 (Burth, 1930), A comprehensive
coit A us to q"r) 11\'11'"‘ ‘zll thv tln rm 1

Caonspicucus

phen
tion and heat pot
ardl Kononov, 1

p()lj.'.ll\, 1971 PolA\ ak

on oof thermal waters,” One of the most
impor s of deep geochemical and geothermal
condi hun» h lm cumpos! ition of gas in underground
waters, al and mineral waters are classified by
the cumpuuuun oL
nitrozen, carbon dele-, nitrogen-carbon dioxide, and
hydrogen sulfide-c.ohon dioxide, The clear-cut zonation
of gas composition m thermal waters of Iceland is consis-
tent with the ges -al and structural zones of the island
(Fiz. 21, Nitrc ng thermal waters are present in
the area of pr ernary plateaa basalts. Carbonate
waters are ass d with the voleanic zone of the
Snuefellsnes l"rn'n ul t, now evidently dying down. The
are discharged

he gas zona

nitrogen-carbonate steam-water mixtures
in areas of pre-tiolocene volcanic activity of the Median
Zone and in sore of the adjoining areas. Lastly, thermal
hest temperatures designated here as a
:n-bearing waters, are associ-
an Zone characterized by the

vaters with the hig
new genetic type ni hydr:
ated with parts of ¢
most intense volcanic activity.

cir gases into genetic types: methane,
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ature is
(9595
ters, at the surface, below the boiling point,
: their calculated t"mpr ature at depth does not
=i 150 C. The amount of liberated heat is relatively
in some sprin on the order of 107 eal/sec. The
Sharametors of pitvogen arc consistent with
Wl ol heating of nitrogen-saturated infiltration
buckground geotemperature field within the
.5 km of the geologic seetion (Ivanov, 1960;
m, 1961), 1t is commonly believed that they
; the zone strongly affected by magmatic
» ermal - tamorphic processes, Howevel r, some
“wdeepn emanations reach the nitrogen thermal water,
id, as indicated by certain leatures of isotope
“rosition of their 2Uses

Ihe temperal

The \'-;u'l;u:mu- springs of Jeeland, bot and cold, con-
U lo 9537 CO, in the gas phase, are typical of
down voleanic d(.tl\«lt), The walers of this type
tesimilar to carbonate thermal mineral waters
dund southeastern Euvope and Central Asia.

i formation of carbonic acid water is asso-

P with thermal metamorphic processes, In Iceland,
SUidioxide may be Liberated in thermal metamorph-

s Ofbasalts that contain a considerable amount of it;
¢l may come out dire ctly from the magmatic

geothermal systems (a) and springs
ity for the last 1,100 years (¢) and the preced-
5 houndaries of regions with a different total
and hydrothermal activity; 4) numerator; energy
1, zeal/em?/sec; denominator:
region; 5-8) total cffeet of voleanic
¢s, meeal/em?/sec:
isolines of the background conduction ther-
(from the data of Palmason,
of zones of active volczmism (Thorarinsson,
aemundsson,
e 01 profllu m Lig. 4.

“fieet of modern geothermal activity in Iceland.

s (b); 2) cen—

discharge of
and

5) <0.1, 6) 0.9

Sy

1967,

1974); 11) boundaries of glac-

- The nitrogen-carbonate thermal waters, also knewn
as "geysers', ave large modern hydrothermal systems,
This type includes the well-known Pauzhetla and Uzon-
Geyser systemns of Famchatka; Wayrakey and Cavernau in
the Taupo zone, New Zeuland; Onikobe and Boppu, dJapan;
and others.  In Iecland, thermal waters of this type like -
wise are high-temperature, They arve discharged at the
surface as steam-water mixtures; their caleulated tem-
perature at depth might exceed 2 -.)0 C (Arnorsson, 1970,).
In some of the centers of their discharge, the mount of
libevated deep heat attains 107 cal/see, which is cquivalent
to background conduction heat loss over an area of 1, 600
kwm®, Counsidering the geology of these systems that are
associaled here with comparatively narvow zones of deep
lincar faults, their heat potential cannot he explained by

~heating w mnn the background geotemperaturve field, 1t is
necessary instead o assume some intlow of deep fluids
with a high heat content, This assumption is supported
also by (he presence of CO, in gases of these systems, and
by the isotope composition of certain components of the
thermal waters,

The hydrogen type of thermal fluids is a quite distine-
tive feature of hydrothermal activity in lceland. They arc
rich in free 1), which at times is the predominant gas. Its
concentration in solution gases of seme thermal ficids is
as high us 647 (sigvaldason, 1966), with 11, dischavge to
the atmosphere attaining 1 om®/min. The other components
of gascs in these thevmal waters are LS (up to 257, hy
volume) and CO, (up to 937), with small amounts of N,
inert and Cliy. In contrast to crater fumaroles of
nmituy ZIL(I\L‘ voleanoes of the world, to which the hydrogea

gases,




270 V.1l. KONONOV

AND B. G.

POLYAK

! 55 g=t
i Vestmannaeyar Archipelago ™o gya0 v Island !
ks ©® Surtsey Iiland

Tig. 2. Gas zoning ol thermal waters in Iceland.

i-4) Aveas of thermal waters:

6) testing sites; 8

re similar in gas composi-
ap are typical modern

1l systems with the highest

:arged at the surface as

= at depth approaches 3B00°C.

¢s of some of the hydro-

15 10% cal/see, and

ong them, the Thorfa

1661), which places it in the

realize this amount of heat,

at flux would have to "strip

of the area of Iccland,

e. Such a high heat potential

s indicales, cven betier than

There is no concensus of opinion on the origin of
zen in thermal waters of this type. 1t is improb-
hydrogen is formed, as believed by some in-
vestig wder near-surface conditions, iu the oxi-
dation of : de-ions or decomposition of 11,8, inasmuch
as both arce common in the voleanic steam-water jets,
including those not containing free hydrogen. A deep
ovigin of H, is more probable: it can be cxiracted from
basalts, at sufficiently high temperatures; or else it
may be the product of certain deep-scated reactions,
such as the "fayalite-water" veaction, theorctically pos-
sible also under thermodynamic conditions of a mag-
matic melt (Matsuo, 1963). Finally, the appearance of
hydrogen may follow a degassing of the interior of the
carth where it is believed to be present in large amounts
(Ve rnadskiy, 1923, cited from 1954-1960; Kropotkin,
1956; Larin, 1971).

hyde
able th:

ors, t

Only two analogs of hydrogen thermal waters are
known outside of Jeeland: the Sonoma Valley geysers in
California where 1T, accounts for L5 of the total gas
volume ([21lis, 1970); and the Ajuachapan thermal field,
salvador, where its content attains 447, by volume (Sig-
valdason and Cucliar, 1970). The geotectonic position
of both these thermal phenoinena is similar: they both

1) nitrogen, 2) carbonate, 3) nitro-
gen~carbonate, 4) hydrogen; 5) boundaries of zones of active vol-
canism (Thoravinsson, 1970; Palmason and Sacmundsson, 19745

) boundarics of glaciers.

are located at the junction of the American continent with
the Rast Pacific Rise, orin structures associated with it.
The conclusion is that the hydrogen tvpe of thermal [luids
is generally characteristic of hydrothermal activity in
the system of mid-oceanic ridges.

The boundarics of the gas-chemical zones usually
coincide fairly well with the geologic boundarics, as illus-
trated, in part, in PFig. 2. However, there are diserep-
ancies; the most important of these cecur in the northern
part of the Median Zone, in the ares of the Tiernes
Peninsula.  The presence of nitrogen thermal waters in
this part of the zone indicates the presence of a boundary
cutting the zone and separating its northern part, the less
active with respect to geoencrgy,

3 : composition of thermal waters,
a similar weakening of activity ta place in southern
leceland whe e the boundaries of the zone of hyvdrogen
thermal waters coincide with those of th outhern vol-
canically active branch., The presence of nitrogen waters
in the coastal belt enhances a separation of this branch of
the Median Zone from the line of the Vestmanmejar
Archipelago to the south, where hydrogen again becomes
dominant in gases of the surtsey and Eldiegl (feimacy
Island) voleanoes.

Judging Irom the go

kes

Finally, mention should be made of the absence of
hydrogen thermal waters—uand of all others, for that
ter—in the southwestern branch, north of Lake Tingvad-
lavatn and easl of the Hots Jokull. This casts doubt on
the current combining ol geothermally active regions of
Leykjanes-Bangidl and Kerlingavfjodl-Hveravedlir into a
single belt related to other active branches of the Median
Zone, to the cast,

With reference to salt compo: n, hyvdrvothermal
waters of lecland differ from those in other voleanic ve-
cgions of the world by a lower mineralization., The content
of substances in soluation usually Ouctuates from 150 to
1,200 mg/liter, An excoeption is the coastul the rmaul
waters of the Reykjunes Peninsula with a mg /it
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-tion. However, their composition is deter-

* ..a water coming in through the faults that cut
Coastal zone and the oceanic floor, and by the
-+ concentration of these waters as the result of

) iistribution of the principal anions (HCO3, C

=) of !.'.ndergrouml waters, too, exhibits a clear-

0377 is predominant over the
of steam-water jets in the

H(,(J and COY™ it determines

p liguid ph'lse The

f the nitrogen-carbon-
ns "ih( world, are

are predominant

osition of
odium ther
vpical of v
nd whe:

ion com;m\m i of

czistence of
d by some

ted at
acidic

ions in th

- hooies.,

wosition
2y is

» conden—
i areas -of

naticn has b
atens.
- content of

thermal

atiorn-
iraneters

i the 'fum%
rize differesn
- thermal waters,

microgram amounts of

spread in Teelandic

sles of acid waters

on, 1970,). How-

the Median Zone have

any e \nt ¢ components in anomal-
On the whole, the composition of

ro-clements in undevground waters indi-
Litis determined, in the majovity of all thermal
majnly by the process of leaching.

the microele
Ti, .mri ¥V

xl-_:

content of dissolved substances in Ieclandie
s, as compared with other volecanic re-

p atka, Japan, New Zealand), cvidently re-
=~ vl differences in the composition of water-bearing

o, b.0., in the composition and structure of the
SR these resions,

ic composition of the components of
Many aspects of the ovigin and evolu-
othermal fluids (depth of origin, rate of
compos=ition of the enclosing rocks) ave

v the (ml-,- of the isotope composition of some
rcomponents,  With this in mind, we have anal-
utios of lwlimn and sulfur isotopes in thermal
defienn of leeland,

)

With respect to the isotopic compositio:s: of helium,
we know that the ratio e/ He in varvious natural objects
varics substantially flom n-10-2 in certuin metéorites
ton-10710 in uranijt 1t has been established that this
vatio is as high as 1077-10"% in the stable continental seg-

“aents of the crust (Kamenskiy et al,, 1971), while its

range in the eastern volcanically active zone of Kamchatla
is (0.5-1.4) + 107> (Mamyvrin et al., 1969 . The variations
in the “He/'Ie ratio in terrestrial gases is explained by

a mixing of helium flows from three sources: mantle
belium (*He/'He = n-1079; crustal helium, generated in
radioactive decay within the "granite” layer (*Iie/'lle = n
<1093 and atmospheric helivm (Pfle /He = 1.4 -1079,

In the course of our study, we tested 58 thermal phe-
nomena scattered over the entire island. As a result, it
has been established that the *He/'He ratio lies within the
(0.7-3.3) -107% range, i.e., it is higher than in the conti-
nentul segments of the crust and approaches that in the
mantle (Kononov et al., 1974). At the same time, this
ratio drops off significantly, to 0.6 -1075, in Kamchatka
going westward from the arcas of present volecanice and
hydrothermal activity (Tolstukhin et al., 1972). This dif-
ference between two regions of present voleanism can be
explained by the absence of any substantial gropite layer
in the Icelandic crust, while it is a significant component
of the subcontinental (Markov et al,, 1967) crus! of Kam-
chatka. The fact that helium with a high “He /'He ratio
rises to the surface over the entire area of Iceland,
rather than being confined to the zone of present flows of
matic melts, is consistent with the high “He /e ratio
in busalts of the ocean floor (Krylov et al,, 1971), and
with the data on the excess of *He in bottom waters of the
ocean (Clarke et al,, 1969). These duta are interpreted
as reflecting an upward flow of mantle helium through the
oceanic crust—where this process is not camouflaged by
the generation of radiogenic e, to the same extent as it
is in the continents; it also is consistent with the view of
Icelandic structures being similar to those of the ocean
{loor,

The general background of high (mantle-associated)
3Ife/*Ile over the area of Iceland exhibits distizet varia-
tions of the sccond order, These are not gujte consistent
with the established geochemical and energy zonation of
the present geothermal activity, evidently because of dif-
ferent depths of generation of the corresponding fluids.
At the same time, a zone of higher *He/'Ie ratios (2.0
- 1077 extends across Ieeland in the general dirvection of
the system of the mid-oceanic ridge, and coincides with
the Median Zone, in the southern part of the island. Tt
coincides on the northwest with a probable continuation
of the Reykjanes-Lang Jokull branch toward Skaga Island
and [arther on, to a junction with the Kolbeynsey submar-
ine range. In addition, some of the areas of the island
exhibit o direct corvelation of *fie/'ie vatios with the con-
figuration ol layer 3" of the Icelandic crust, as deter-
mined by the seismological inveatipnti(ms (Palmason,
1971). Thus, the values of Tie/'He in thermal gasces,
and theiv spalial distribution, refleet important features

ol deep geologie structure,

5%

In contrast to helinm, the isotopic composition of sul-
fur in underground waters and guses clearly exhibits a
clear-cut zonation consistent with the over-all structure
of the island and with zonation of the chemical composi-
tion ol thevim: Ll \\ iters (Vinogradov et al., L97-). As
illustrated in . 3, the composition ol sulfur in thermal
phenomena 2 u:iat( «d with voleanically active branches
of the Median Zone ('()l‘l‘(‘."[w)n(f% to that in the meteorie
trojlite believed to be typical of deep, undifterentiated
reaches of the carth and accepted as a standard of com-
parison 5= 0%.). Inthe majority of thermal phenom-
ena outside of the regions of active volemnism, the values
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Isotopic composition of sulfur in thermal phenomens of Too-
land,

Fig. 3.

o o

3) Zones of 6%8 value in Y, 1) <3, 2) 3-8, 3) >8; 4) tested thermal
coomena; 5) boundaries of zones of active voleanism (Thorarinsson,
1970; Palmason and saemundsson, 1974); 6) boundaries of glacicrs.

| =

UEvar Yrom 2 2ue =7, 8%, and from +8.,7 to

«d by a mixing of fluids

¢ composition of sulfur,
condensates of steam-gas
s sulfur originates in vol-
vic) value of %18, The

ui isctopic composition is
v up to 69 = 5200, sulinte
pic fractionation during
ution,

solepic composition of both the

n thermal phenomena of the

i the meteorie sullur, in con-
geotectonic position of the

its other geechemical and geothermal
;x.,ots a juvenile origin for sulfur in areas
with a high present gecthermal activity in this zone,
This clearly scts Ieeland npart from volcanically active
Kamchatka and New Zealand where the juvenile compo-
nents have not been identified (Vinogradov, 1970; Wilson,
1966). It is belicved that this is due to o contamination
of \'ol('amc and hydrothermal emanations by a "heavy"
sulfur of cecanice sulfate assimilated by the continental
and subcontinental crust of these regeions, during the
coursce of its development, Thus, isolopic composition
of sulfur in thermal phenomena of the Middie Zone of
Iceland, too, suggests a differeat structure of its crust,

=
=

s =
"J“

island
features

and

The heavier isotopic composition of sulfur in the
coastal thermal phenomena is the result of drawing of
ocean waters into the present hydrothermal systems.
This is pulﬁculurly well expressed in the Reykjanes
Peninsula wherce isotopic composition of sulfur indicates
that Jincar faults in the cccun floor continue lor 20 Jm
over the peninsula. AL the same time, isotopic compo-
sition of sulfur is closc to the meteoric, b the southern
cxtremity of the nonvoleanic zone in the area of the
Evijadla JBkull, in a thermal locality 5 kin from the
shore. This thermal phenomenon lics on the line of the
Vestmannaejar voleanic archipelago-—evidently a deep

‘ated by thermal waters of this or that

on of salfur indicates
not present

fault, although the isotopic compositi

that the surface cxpression of this iaJt is

everywhere,

s in isofopic composition of suliur

Modian Zone reveals important gco-
tablished, for example, that

the sout -rin branch of

The study of char
along the trend of th
logical focts, It h".,: ‘Ju» ‘n s
the values of 67'S increase in
the Median Zone, north of Tingvedlir,
ahsence of juvenile 11,3 inflow

seg mcntw, as alre ac"‘ uoiqtu' out in the analyvsis of distri-

bution of the hydrogen thermal waters.

The encreyv effect of thermal water discharoe,  As

repeatedly mentionod before, heat parameters of thermal

waters, closely related to the geochen 1 and reflecting,
as the latter do, the conditions of their dewe lopment, arc
quite similar within the same hvdroti 1] zones whose

‘ological fea-
ressed in

lateral distribution enhunces the pri
tures of Teeland, . This is particular

the variations of specifie energy oft
thermal waters (Polyak and Kononov, 1971). This effcct
has been estimated from the cal;uA,u.u! total heat liber-

icen belonging,
as demonstrated, to ene and the same geockemical tyvpe;
and from the reduction of the value to th - of the re-
gion under study. A definite zonation is dete rmined as a
result; its elements, together with ofher <nergy char-
acteristics, are ilustrated in Fig, 1. Purticularly con-
spicuous here are the voleanically active branches of the
Median Zone and some arcas contizuous to them. A fact
particularly important in that connection is the hvdrogen
type of thermal tluids in the Median /\)"(—‘L""\ldl ring
that hydrogen is the it active :
a specific heat capacity four time
and 20 times higher than for has it mi-
grates readily, andits generation—u for
e:«mvulu by serpentinization—mar he accompunied h-' a
high \lle of heat, However, the total effect of this pro-
muy be reduced by a cooling of the risin Jogas in jts

with
in for water

rddition,

ermined,
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of hackground conduction heat flow, two cot
of the expenditure of intra-terrestrial ener;

. Damic ume, the zomationr so-determined-ex

in features of hydrogeothermal condilions in

s - worts of the same structoral zones, First of ing to the southwestern and southern branches of the I
- is a significal inhomogeneity in geocnergy Median Zone, and reflecting a great loss of deep heat in
) < - aJong the trend of voleanically active branches the present voleanic and hydrothermal activity., The west-
' inn Zone—inhomogeneity suggesting the exist- ern peak is flanked by the less conspicuous but also quite
3 ccoenergy barriers' transverse to the expressive maxima corresponding to scgments of develop- 2
caisis best expressed in a sharp drop in heat ment of the nitrogen-carbonate thermal waters along the
4o the thermal waters in the near-ocean ex— periphery of the southwestern zone, 1t is with these peri-
i : the novthern active zone; and in the separa- pheral maxima that some of the values of conduction heat
arca of intense hy rmal activity in the flow, regarded as anomalous, are associated, Their sec-
hranch. Another ondary origin is obvious: they coincide with the total heat
tween the northern Joss in the measured zones, with consideration given to
«rhitrary character discharge of thermal waters.
. hetween the southwest-
ne) appears to be The profile gives a clear idea of the general intensity
values charac- of the losses of intra-tervestrial cnergy in all forms of
» seems to be a cer- geothermal activity, and of the relative role of each form
a1 rn and south- in this process, Considering the tectonic position of Ice-
< Jund: ar f a geoenergy land, itis of interest to compare these data with the dis- : g
" v oof the eati ~latinudinal tribution of heat flux over the mid-oceanic ridges. : i
Up to now, measurements of conduction heat flow were :
s average of 2, 6 uyea the only basis for judging the geoenergy regime of these i
wive voleani is Ui ridges, Although nobody disputed the iinportant role of ; {
2. meead Waters, ise., ab heat removal by volcanic and hydrothermal activity, in i
#-. . ovound conduction heat Sow, addition to conduction, no direct evaluation of it has been i
% = obtained in submarine segments of the ridges. Conse- 3 !

2 2 whole, is 1
Ao planetary

quently, a reduction of conduction heat flow, down to zero,
usually is registered over the axial parts—rift valleys—of
the median ridges. This reduction is readily explained by
a lowering of the vertical temperature gradient in centers
of discharge of deep fluids, on the ocean floor.

Figure 4 shows that the integral curve of heat loss in i
Tceland (10) differs from profiles of conduction heat flow i
for the mid-oceanic ridges (curves 6 and 7) solely in their
axial parts, The profiles differ in the same way from the !

I

E
- Lo
0 { |

o4 H
nt |
£
‘
= P
(.

I; .;’A‘ 7.‘ :/}' :

Fig. 4. Geocnergy profile across Ieeland (see Fig. 1). :

1-2) Output of deep heat, in mecal/em?/sec: 1) by conduction;

2) by hydeothermal waters, 3) by volecanism; 4-5) values ol coii-
duction heut flow: 4) background, 5) anomalous; 6-9) distribution
tion of conduction heat flow: 6) observed over Reykjanes Ridge
(Talwani et al,, 1974), 7) averaged normalized over the Jndo-
Atlantic Ridge (Op cit.), 8) Mackenzie model (Mackenzie, 1967),
9 Le Pichon-Tangscth model (Le Pichon and Langseth, 1969);
10) smoothed-over infegral curve of the encrgy effect of pres—

cnt geothermal activity in feeland,
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theoretical distribution curves 8 and 9 derived from
virvious boeat models of spreading, At the same time,
curve 10 is closer to the theovetical, although it—in
contrast to the modeled and statistical—illustrates the
actual distribution rather than that normalized for dis-
tances and the effeet of spreading.  The greatest simi-
larity to the Icelandic integral curve of heat loss is ex-
hibited by the curve of distribution of conduction heat
loss, devived from the Le Pichon-Langseth model for the
Indo-Atlantic ridge (1.e Pichon and Langseth, 1969), How-
ever, this similarity should not he overestimated, be-
cause the audthors of this model, themselves, note its
limitations due to omission of convection heat loss,

They state that a better correspondence of this model
with vealiny requires an answer to the question, "how
fieant ave heat losses in dischavge of erustal watees
3 ic bottom walers?' 1n our opinion, the study
'mal activity in Iceland provides that answer
energy effect of the process and
-rustal reaches.

ocg

Th 3 cu of the geochemical and geo-
nt geothermal activity is helpful
and tectonic problems, by shedd-

tructure and evolution of vari-

work, the authors maintained
wdie colleagues, particu-
son, Prof, G. Sigvaldason,
Arnorsson. We are deeply
eiw support in owr investiga-
e results, and the Joan of
s ave grateful also to all
cpedition, USSR Acade
responding Membe
= Prof, V.V, Belousov, for
ance.

y

work was made by the

. Fleysh, and V. P. sShcher-
vs and gases; and by S.V.

¢ conductivity in rocks., The
tion of helium were ob-

-ed material, in cooperation
and L. B, Khabarin; those

ser of the USSR Academy of
Sciences Prof. N.I. rov and Prof, V.I. Ivanov and
Ya. B, Smirnov, who contributed weighty observations,

REFERENCES

Izbrannyye sochineniya, t, 1-V
Y A :

VERNADSKIY, V.I.
Izd., Akad. nauk

(selected works, Vols: 1-V).
S55R, 1954-1960,

VINOGRADOV, V.I. Isotopic composition of sullur in
thermal waters in regions of active volcanism. In:
Ocherki geokhimii rtuti i sery (Outlines of the geo-
chemistry of mercury and sulfur). Nauka, 1970,

VINOGRADOV, V.I., V.1I. KONONOV, and B.G. POL-
YAK. Isotope composition of sulfur in thermal
phenomena of Tceland, Dokl, Akad, nauk SSSR,
217, No. 1, 1074,

Hydrosphere and chlorine, Litol,

1963,

DERPGOL'TS, V. I
i polezn, isk., No. 1,

Origin and classification of present

IVANOV, V.V.
Geokhimiya, No. 5, 1960,

thermal waters,

KROPOTKIN, P.N.

KAJMENSKIY, I.L., V.P. YAKUTSENI, B.A. MAMYRIX,

Helium

isotopes in nature. Geokhimiya, No. 8, 1971,

KONONOV, V.[. and B. G, POLYAK. Hydrochemical
zonation of Iceland as a reflection of its geology.
Dokl, Akad. nauk SSSR, 214, No. 1, 1974,

MADMYRIN, B.G. POLYAL, and
Helium isotopes in gases of [ee-
DokI. Akad. nauk SSSI:, 217,

KONONOV, V.I., B.A.
L.V. KHABARLN.
landic thermal waters,
No. 1, 1974,

The problem of origin of ¢il. Sov.

geol., No. 47, 1956,

KRYLOV, A.YA., B.A. MAMYRIN, L.V. KIHHABARIN,

T.I. MAZINA, and YU.N. SILIN. Helium isotopes
in bedrock of the ocean floor. Geokhimiya, No. 8,
1974,

Role of hydrogen in the structure and evolu-

LARIN, V.N.
Trudy IMGRE, No. 6, 1971,

tion of the earth,

MAMYRIN, B.A., I.N. TOSTIKHIN, G.S. ANUFRIYEV,
and 1. L. KAMENSKIY. Anomalous isotopic compo-
sition of helium in volcanic gases. Dokl. Akad. nauk
SSSR, 184, No, 5, 1869,

MARKOV, M.S., V.N. AVER'YANOV, 1. P. KARTASHOY,
LA, SOLOV'YEVA, and A.S. SHUVAYEV. Mcso-
Cenozoic history and structure of the crust in the
Okhotsk region. Trudy GIN, No. 163, 1967,

MATSUO, S. Origin of volcanic gases. In: Gecokhimiya
sovremennykh vulkanicheskikh protsessov (Geo—~
chemistry of present volcanic processes). Mir,
1965.

MURATOV, M.V. Tectonics and positicn of Iecland.
zv. vuzov, Geol, i razvedka, No, 12, 1961.

POLYAK, B.G. Geotermicheskive osobennosti oblasti
sovremennogo vulkanizma (Geothermal features of
the region of present volecanism). Nauka, 1966.

Geoencergy zoning

POLYAK, B.G. and V.I. KONONOV.
Dokl. Akad.

of hydrothermal activity in Iceland.
nauk SSSR, 214, No. 1, 1974,

POLYAK, B.G. and YA.B. SMIRNOV, Relationship be-
tween deep heat flow and the tectonics of the conti-

nents. CGeotektonika, No., 4, 196S.

' TOLSTIKHIN, 1.N., B.A. MAMYRIN, YE.A. BASKOV,

I. L. KAMENSKIY, G.S. ANUFRIYLEV, and S.N.
SURIKOV. Helium isotopes in gases of the Kurile-
Kamchatla volcanic region. In: Ocherki sovremen—
noy geokhimii i analiticheskoy khimii (Outlines of
modern geochemistry and analytic chemistry).
Nauka, 1972.

THORARINSSON, S. The Median Zone of Iveland. In:
Sistemy riftov Zemli (The world system of rifts).
Mir, 1970,

ELLIS, A.J. Chemistry of some of the investigated geo-
thermal systems, In: Geokhimiya gidrotermal'nykh
rudnykh mestorvozhdeniy (Geochemistry of hydro-—-
thermal ore deposits)., Mir, 1970..

ARNORSSON, 5. Underground temperatures in hydro-
thermal areas in Teeland as deduced trom the silics
content of the thermal water, Geothermics, sp. i-..
2, Vol, 1, 1870,




PRESENT GEOUHERMAL ACTIVITY IN IC ELAND 275 4 ‘

1 P

. 5 The distribution of some trace ele- SIGVATDASON, G Chemistry-ofthermalwaters-and d i
: ‘mal waters in Ieeland, Geothermics, gases in Iceland, Bull, voleanal,, Vol. 25, 1966. l ;
\" i

: £

G. Terrvestrial heat balance in Iceland,
felags lecland, No. 6, 1954,

jcs of natural
. New Sources

SIGVALDASON, G.E. and G. CUELLAR. ‘Geochemistry
of the Ahuachapan thermal area, El Salvador, Central
Amecrica, Geothermics, sp, iss. 2, 1970,

TALWANIL, M., S, 8. WINDISH, aud M. G. LANGSETH, Jr.
reylkjanes ridge crest: A detailed geophysical study.
J. Geophys. Res., 76, No. 2, 1971,

THORARINSSON, 8. Some problems of voleanism in Ice-
Jand. Geol. Rundschau,, Vol. 57, 1967,.

THORARINSSON, 9. Hekla and Katla, I Iceland and
mid-ocean videges, Reyljavik, 1967,

WALKER, G.P.L. The Breiddalur central volcano,
eastern Teeland. Quart, J, Geol, Soc., ILoadon, Vol.
19, 1963

WITSON, $.H. sulphur isotope-ratios in rclation to vol-

canological and geotherinal problem. Bull. volcanol. ,
vol, 29, 1966.

Geological Institule
USSR Academy of Sciences

Received August 6, 1974






