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HELIUM - 3 DISTRIBUTION IN WESTERN TURKEY

Nilgin  Guleg*

ABSTRACT . — In this study, to investigate the mantle-crust interaction in Western Turkey, geothermal fluids
from various locations are analyzed for their *He/*He ratios. The results reveal a mixing between mantle - and
(continental) crustal - helium components. The distribution of mantle-helium, which is characterized by high
*He/*He ratios, does not show any correlation with the spatial and/or temporal distribution of the surface
volcanics in the region, but appears to be governed by the distribution of tectonic deformation. The lack of any
correlation between the distribution of mantle-helium and surface vol canism suggests that helium, now degassing
from mantle, has most probably entered the crust in association with the melts emplaced at deeper levels. The
fault systems of the present extensional tectonics are thought to have had an efficient role in the escape of helium

to the surface through the brittle parts of crust.

INTRODUCTION

The determination of 3He/*He ratios in
continental fluids provides valuable contributions to
the understanding of mantle - crust interactions.*He
is essentially primordial, that is to say, trapped in the
Earth's interior at the time of its accretion from the
solar nebula (Ozima and Podosek, 1983). Therefore,
the presence of any excess *He at the surface indicates
that volatiles have been transported from mantle.
Mantle-helium is characterized by *He/*He ratios of
about 10-° (Mamyrin and Tolstikhin, 1984). On the
other hand,*He is produced by the a -decay of 28U,
23%y and **?Th. Since U and Th are mostly
concentrated in the continental crust relative to
mantle andlittlte3Heisretained in the crust, continental
crust is enriched in “He and (continental) crustal -
helium is characterized by®He/*He ratios of about
10-" - 10-® (Andrews, 1985 ). The isotopic
composition of helium in the atmosphere is rather
constant over the globe (*He/*He =1.4 x10-° (Craig
and Lupton, 1981; Lupton, 1983) ). Because of this
uniform composition atmospheric - helium isused asa
standard in most laboratories and it has become con-
vention to express He-isotope compositions relative to
that of atmospheric - He (R/R,=(*He/*He)samble

(3HE/Heatm.

The bulk of*He loss from mantle takes place in
ocean basins through processes associated with the
generation and cooling of oceanic lithosphere.
However, asmall proportion of *He isaso lost through
continental crust undergoing  contemporary
deformation. Although the mechanism of transport
of helium from mantle into crust is not well-
understood, the spatial association of mantle-helium
and volcanics in various settings (Craig et a., 1978;
Condomines et a., 1983; Kurz et al., 1983) suggests
a relationship between mantle melts and transport of
mantle - He.

The aim of the present study is the investigation
of the mantle-crust interaction in Western Turkey
through the He-isotope analyses of geothermal fluids.
With the exception of one sample taken from adrilling
well (Omerbeyli - Germencik), dl the other samples
are collected from natural springs either as water
and/or a gas phase bubbling through the water The
majority of samples are groundwater discharges
associated with the faults bounding the major grabens
in Western Turkey. These samples are likely to
represent mixtures of a deep cfrculating hydrothermal
system and cold, meteoric waters infiltrating through
the graben filling sediments (IUTF, 1971, 1975). The
temperature of the fluids range from 35°C to 100°C.
The sampling locationsare shown in Figure 1 along with
the measured He-isotope compositions.
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Distribution of > He in Western Turkey in relation to distri-

bution of fault systems and surface volcanics.

ANALYTICALMETHODS

Sample collection
Samples were collected in 10 ml "Weiss' type

copper tube devices (Weiss, 1969). The copper tubing
is clamped at each end with hinged knife-edged clamps.
Copper sample tubes were connected to the spring
sources using PTFE tubing and flushed with severa
volumes of water to ensure that any trapped air bubbles
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were released. Gas samples were collected at open
bubbling pools by means of an inverted funnel which
was attached to the copper sample tube and immersed
to the maximum possible depth.

He— andyses

He — isotope andyses (together with the
measurements of He and Ne abundances) were carried
out on VG MM 3000 mass spectrometer in the Rare
Gases Laboratory of the Department of Earth
Sciences-University of Cambridge. The *He/ He
ratios ( = R) were measured against an air standard
(= R) and presented as R/R, values in Table 1. He
and Ne abundances were determined by comparison
against the ar standard. Taking into account the
possble ar (atmospheric-He) contamination during
collection or measurement of the samples, R/R,
ratios were corrected using He/Ne ratios. The
correction procedure assumes that dl the Ne in the
samples is of atmospheric origin; the reason behind
this assumption is that the crustal radiogenic processes
generate neon in negligible proportion to radiogenic
helium and mantle sources are characterized by He/Ne
ratios more than 10° . The equation used in correction
is given in the foot-note of Table 1. The errors
associated with the analyses were determined by the
consideration of the following factors 1) the
precision related to the performance of the mass
spectrometer during the measurements; 2) repro-
ducibility of the measurements; 3) blank corrections
An uncertainty of + 10% is assigned to He — isotope
measurements and of + 20% is assigned to the
measurement of He and Ne abundances.

He - ISOTOPE COMPOSITION OF THE FLUIDS

The isotopic composition of He in the geothermal
fluids of Western Turkey isgivenin Table 1 along with
the He/Ne ratios and He and Ne abundances. The
distribution of *He in Western Turkey is shown in
Figure 1 in relation to the distribution of the fault
systems and surface volcanics. Figure 2 compares the
He — isotope composition of the Turkish fluids with
those from a variety of volcanic settings.

The recorded (R/R ;). values range from 0.05 to
2.52. A comparison with mantle-helium (typified by

the samples associated with mid-ocean ridges and
hot-spot sites) and (continental) crustal-helium, (Fig.2)
reveals the presence of a mantle-helium component in
Western Turkey. However, the isotopic composition of
this mantle-helium is modified as a result of mixing
with crustal-helium. Assigning average R/R, values of
8 and 0.02 for mantle and crustal-helium components,
respectively, the involvement of mantle-derived helium
in Western Turkey is found not to exceed 30% of the
total-He content of any single sample. As far as the
comparison with different tectonic settings is
concerned the values obtained for Western Turkey
are within the documented range of active rifting
zones and are rather similar to those reported for the
Rhine (graben and the Pannonian basin (Fig. 2).

From Figure 1, *He appears to be widely dis-

tributed in Western Turkey paralleling the distribution
of the fault systems of the present extensiona regime.

In thisrespect, He distribution in Western Turkey seem
to be similar to that observed in the Pannonian basin
(Fig. 2 of Oxburgh et d. 1986) in contrast to the
highly localized distribution pattern seen in the Rhine
graben (Fig. 2 of Oxburgh et d., 1986). With regard
to the relationship between *He distribution and
tectonic deformation, an important point to note is
the low R/R, values obtained from Gemlik which is
located aong the extension of the North Anatolian
Fault Zone where the dominant strike-dip motion is
accompanied by normal faulting. High R/Ra values
are concentrated in the normal fault systems of
Western Turkey where the N — S extension is much
more prominent. On the other hand, there does not
seem to be any relationship between the distribution
of °He and surface volcanism. In general, the
geothermal systems associated with the youngest
volcanic activities are expected to have the highest
%He/*He ratios, because the ratio should decrease
with time due to the accumulation of radiogenic*He.
However, this is not the case in Western Turkey ; the
highest R/R, value is in the vicinity of Pliocene age
Denizli volcanics rather than Quaternary Kula
volcanics. In this respect, either Denizli represents an
area of high mantle-helium leakage (coupled with
low crustal degassing in order to keep this helium in
the crust since Pliocene) or the distribution of Heis
not linked to the surface volcanism.



“(9461) aneay] pue uosuag (g)

‘(d9qeM Ul AN PUE 3Y JO sAlI{IqN[OS BUKBLHIP 3Y) 10§ SIUNDIOE £8°0 = §8F O/ FE 0 “1099e) ayy)
sapd o= "

(soydwies 1398m 10]) 40 (oN; /°H,)

urye

(sadures sed 305) 8850 = (3N, 13H,)

e (3N, JoH ) = X

(3N, foH,) | 9wes

(1—-Xa-xCa) = Cunoa)

*SUnA e 2AIs5300Ny JO [edA) 1917808 ajouap souy (g)

'%0% F suon
—BUULIANAP || "PRET U Pa103(|02 sajdutes sed syl 10) PAUIRIQO aq J0U P[NOS SUCIIEIIUAIU0D (8N o } pue{al )} papAodal ou Mam Junyds SUpmnos
JO syrejep 20u)g ‘sojdwies sed 10 suoToRI) SUIN[OA s puUe sa|duies JegEm 10) ON: 3141550 e pawaadxa ale suoljeljudoucd {aN SV pue ?EL (£)

"1 ‘314 wo vopeudisaqg (1)

GULEC

Nilglin

vZo  ,01%%  _OTX6F (g) D0 I8 paeInyes ity
T¢'e 200728 ¢ 91T 6L qddgg wdd r'g sed S86T 1 IZwua-wewieq 833y, Q1-981L
18 &1 Z00F 220 SOFFT e sed 96T 11 Arusuaen-ndsqraug 91l
ar'0 SO0F 9F0 917 RL qdd o8 qdd p09 w3 ¥86T o1 Jauauuay) - Agyzog gL
L0 800F LLO TOFC'l e - sed ¥861 8 Flouauuan- ey ¥1L
69°0 LOOF OL0 £3 LI - sed ¥861 8 Zoueg 6L
09'0 30'0F 090 L1—/%% + FE g O1x6 ,—0TXg T dorem $861 L ealBuAey-jawy 9l
9t'1 ST 0F OF1 92 3 001 — e sed/1ajem ¥861 9 Jepeon] 8L
891 LT'0OF 89°1 008 e e 7861 g ABLIG-TeULT LL
090 €00 F R0 60°0F F°0 =0T X e gOLXV'o sowEm S861 ¥ veang-adyad) 1-68L
750 SO0F BS°0  OL—/0CT + 901 g-01¥al ,—0TX b s 86T g esing-odaye)) vl
790 S0°0F 3E°0 A gl ] g—PIF T8 ,—01XLg  yem ¥861 g esing-93nye0) el
500 2005 620 Z'0F $6°0 ,—01%9¢ 0L XTE s 861 1 D) L

*Curd) "4y ()N g 19H) (2)Ng) (z)(?H,)  2daL 1024 (1% A1ppo07  ou ayduing

38

SpING ysiIn], Uiagses U0 sjualamseaw adojost 3y —1 Aqel,



HELIUM - 3 DISTRIBUTION

T T papTosENIC Be

[CTT"7 ¥orth Ssa RLrt (inactive)
] Stable cratons
f 1 Western Turkey
Rhine Graben — Eaat African Rift CONTINENTAL
(W, Se t) AP EXTENSIONAL
gaent) . East African Rift (E. Segpent) TERRAINS
Jordan Ritt (Retive rifting zonsa)
Badkal Rift Massif Central = ¥alles Caldera
—_— {Basin # Range)
Parnonian Basin
Hew ZTealand
Rasianss Lelead Arc
Eurtl Island Arc SUBDUCTION ZONES
Japanese Island Arc
" Kamchatka
Esst Pac‘!_.'ric
— MID-OCEAN RIDGES
Galapagoe
Rad Sea
——————t
Ysllowctons Park
— HOT SPOTS
Iealand —
Hawail
r
{ED PRDMORDIAL He
" - el o b - —
0.01 0.1 ) 1,0 1o 100

R/ R

Fig.2— The isotope composition of He from different tectonic settings compared with results

obtained for Western Turkish fluids.

Data sources : 1) Kennedy et al., 1985 (Y ellowstonepark); 2) Hooker et al., 1985(Rhine
Graben and North Sea rift); 3) Oxburgh et al., 1986 (Pannonian basin); 4) Smith and
Kennedy, 1985 (Vallescaldera); 5) Polyak and Tolstikhin, 1985 (the others).

Bars represent the ranges of R/R, valuesfor 1, 2, 3 and 4 and 95% limits of log-dis-

tribution for 5.
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DISCUSSON

The present study confirms the presence of
®*He enrichments in Western Turkey over that expected
from norma crusta lithologies. The discusson
presented here are directed towards answering the

following questions:

1-Do the ®He enrichments necessarily indicate
a mantle contribution ?

2-1f s, what are the possible mechanisms

responsible for the transportation of mantle-helium to
the surface?
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3 He and possible sources

Although 3He is essentially primordial, it can

aso be produced by the radioactive decay of °Li and
3H isotopes. *He produced from®Li and *H is known
as radiogenic 3He and tritiugenic *He, respectively.
The rate of radiogenic * He production is dependent on
the Li content of the material. However, since most
rocks have Li abundances less than 50 ppm, the R/R,
values of the helium produced by °Li decay does not
exceed 0.02 (Mamyrin and Tolstikhin, 1984; Andrews,
1985). Therefore, radiogenic *He can not be an
adequate source for the *He observed in the Western
Turkish fluids.

Tritiugenic *He production occurs through the
decay of tritium (®H) introduced into the atmosphere
during the nuclear testing. If the groundwaters are
supplemented by post - 1950 (i.e. after the com-
mencement of nuclear testing) recharges from surface
waters, then they are subject to the accumulation of
®He produced by the decay of atmosphere-derived
%H in surface waters. Since there is no information
regarding the distribution of bombproduced tritiumin
Western Turkey or about the groundwater ages, it is
difficult to asses the effects of tritiugenic *He
production It should be noted that because the *He
contents of water samples are low (10 ccSTP g ),
the decay of *H could potentially increase the He/ He
ratios. On the other hand, a comparison between the
He contents of water and gas samples reveas that
the He contents of gas samples are about an order
of magnitute higher than those of water samples.
The reason for the low He contents of water samples
is the separation of a gas phase into which most
of the noble gases partition. However, athough
the He contents of gas and water samples are different,
their *He/*He ratios are similar to each other. If
tritium were introduced into the groundwaters, then
as a result of the separation of water and gas phases,
the 3He/*He ratios of waters would be enhanced
relative to the gas phase (He partitions into the gas
phase, whereas®H is retained in water as a part of
water molecule (*H'HO). The retained *H would
produce, in time, %He in waters). Therefore, in the
case of tritiugenic %He contributions, lower He
contents in waters are expected to be accompanied

GULEC

by higher *He/*He ratios. In Western Turkey,*He/*He
ratios of water samples are not necessarily higher
than those of gas samples ; hence, the *He en-
hancfcnxents can not be due to H decay.

Transport mechanism of mantle - helium

The transport of helium from mantle into
crustis-in general - not well understood, but it is
thought to be associated with mantle - derived melts
or fluids. If mantle-helium in Western Turkey is
transported into the crust by mantle related

magmatism, then the fact that no relationship exists
between the distribution of *He and volcanism

suggests that plutonic activity may be widespread in
Western Turkey. If mantle - derived fluids are
responsible for the transportation of mantle-helium,
then they must have been injected into the crust over
a large area. The association of hot-springs with major
fault structures suggests that the fault zones might
have acted as conduits for mantle-derived fluids.

One of the problemsin determining how mantle-
helium is transported into the crust is that it is not
known when it was added to the crust. Miocene (or
older) volcanism may represent a possible mechanism
only if helium can be stored in the crust long enough
(i.e. 10" years). The relationship between heat flow
and He-isotope compositions (Polyak and Tolstikhin,
1985) and the observation that the thermal relaxation
time for continental crust is of the order of 10°
years (Sclater et al., 1981) suggests that crustal storage
of helium over such aperiod may be possible. However,
there is not any evidence for deciding when mantle-
helium was added to the crust; it might have been
added very recently in some aress.

As has aready been stated in the foregoing
section, the observation of high R/R, values in the
vicinity of Pliocene age Denizli volcanics indicates
that either Denizli is a site of prominent mantle - He
leakage and that this helium is still being retained in
the crust, or that the distribution of *Heis not linked
with surface volcanism. In the latter case, the transport
of mantle-helium into the crust might result from

plutonic activity (much younger than volcanism)
or present day loss of fluids from the mantle.

There is an accumulating evidence for mantle-
derived melt additions to the continental crust in
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extensional Geophysical surveys carried out
on some of the extensional basins (e.g. Rhine graben ,
Baikal rift, Rio Grande rift) reveal the presence of

areas.

highly conductive, anomalously low—velocity zones at
sub—crustal (and/or intra—crustal) levels which are
interpreted as the zones of magma accumulation
(Hermance, 1982 and the references terein). On the
basis of these evidences, mantle—derived melts are
believed to have had an efficient role in transporting
mantle—helium into the crust of Western Turkey
where  extension is prevailing since about Upper
.Vliocene. Since mantle — He is widely distributed in
Western Turkey, rather than localized plutonic ac-
tivities, a widespread melt addition to the crust is
possibly indicated. The fault systems are thought to
have aided the escape of helium to the surface through
the brittle parts of crust.

CONCLUSIONS

The main conclusions drawn from the present
study can be stated as follows :

1 — The He —
geothermal fluids reveal mixing between mantle —He

isotope composition of the

and crustal—He components.

2 — The distribution of mantle—He does not
show any relation to the distribution of surface
volcanics but rather appears to be governed by the
distribution of the main fault structures.

3 — The lack of any evidence between the
distribution of mantle—helium and surface volcanism
suggests that helium is degassed from the melts

emplaced deeper in the crust.

4 — The fault systems of the present extensional
regime are thought to have acted as channelways for
the escape of helium to the surface through the crust.
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