
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [TIB-Lizenzen - TIB Licence Affairs]
On: 29 January 2009
Access details: Access Details: [subscription number 777306419]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Isotopes in Environmental and Health Studies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713643233

Fractional Crystallization Models for Calculating Distribution Coefficients of
Chemical Elements between Magmas and their Crystallization Products
K. Wetzel; R. Haberlandt

Online Publication Date: 01 January 1987

To cite this Article Wetzel, K. and Haberlandt, R.(1987)'Fractional Crystallization Models for Calculating Distribution Coefficients of
Chemical Elements between Magmas and their Crystallization Products',Isotopes in Environmental and Health Studies,23:3,95 —
103

To link to this Article: DOI: 10.1080/10256018708623762

URL: http://dx.doi.org/10.1080/10256018708623762

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713643233
http://dx.doi.org/10.1080/10256018708623762
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Welzel/Habcrlandt: Calculating Distribution Coefficients of Chemical Elements

Isotopeupraxis 2.1 (10S7) 3, pp. 95-103

Fractional Crystallization Models for Calculating Distribution Coefficients
of Chemical Elements between Magmas and their Crystallization Products

A*. Wctzcl, 11. HabcrUimll

Academy of Sciences of the GDR, Central Institute of Isotope and Kadioation Research, DUK-7050 Leipzig,
l'ermoserstr. 15

Igneous rock suites can he investigated with respect to their yenetic coherence or to the role in fractional crystallization
during their generation, respectively, by evaluating element concentration correlations.

It is shown that the existence of a linear relation between element concentrations or their logarithms is only a necessary,
but not a sufficient condition for fractional crystallization as the dominating factor of graduating clement concentrations.
On the other hand comparison of the slope of such correlation lines ivith the slope calculated on the basis of the distribution
coefficients evaluated by using Schuetzc' s 18O index reveals whether fractional crystallization is dominant in graduating
element concentrations in igneous rock suites. Several applications arc given.

Die genetische Koharenz ciner Abfolge magmatischer Geslcine bzw. die Bolle der fraktionierten Kristallisation im Ver-
lauf Hirer Entstehung ivird durch die Bercchnung von Elementkonzentrationen untersucht.

Es wird gezeigt, da/3 die Existcnz ciner linearen Bczichung zwischen den Elemcnlkonzentrationen oder ihren Log-
arithmen nur einc notwendige aber niclit hinreichende Bedingung fiir fraktionierte Kristallisation als dem dominiercn-
den Faktor der Abstufung der Elementkonzentrationen ist. Andcrcrseits zeigt dcr Vergleich des Ansticgs solchcr Korrc-
lationsgeraden mil dem mittcls des leO-Index von Schulze auf dcr Basis von Verleilungskoeffizienten berechneten An-
sticg, ob die fraktionierte Krislallisalion bei der Bildung der Elemcnlkonzentrationen in Abjolgen magmatischer Gesteine
cine dominierendo Itolle spiclt. Einc Iieihc von Anwendungen wird gegeben.

Keywords

crystallization; distribution coefficients; element concentration; gabbros; geochemistry; geology; granites; grano-
dioritcs; igneous rocks; isotope effects; linear correlation; melting; oxygen 18; quartz diorites; rhyolites; sili-
cates; thermodynamics; trace elements

Coefficients evaluated by using Schuctzc'e 18O index reveals
whether fractional crystallization is dominant in gra-
duating element concentrations in igneous rock suites.

The application of these criteria gives evidence that the
concentrations of many alkaline and alkaline earth ele-
ments, elements of the first transition period and rare earth
elements in the majority of igneous rocks are ruled by frac-
tionul crystallization.

Comparison of the slopes of element concentration corre-
lation lines with those calculated from distribution coeffi-
cients reveals the validity of distribution coefficients eva-
luated by Scliuelze's 18O indices. There is also a good agree-
ment between distribution coefficients directly determined
from element concentrations in rocks of the Hawaiian
volcanic rock suite and those derived from 1SO indices.

1. Some theoretical considerations

While partial molting represents the- common mechanism
of the formation of a magma, its crystallization can be
considered as the process accomplishing the generation of
an igneous rock. Thus elemental concentration patterns
of a certain rock series originating from one and the same
magma are discussed in terms of fractional crystallization,
while the chemical characteristics of certain magma bodies
can often be interpreted in terms of partial melting [1 — 4].

It is the aim of this communication to examine, whether
or to what extend the concept that the concentrations of
chemical elements in many, if not in the majority of
igneous rocks are ruled by fractional crystallization of their
parent magmas, can bo used for calculating distribution
coefficients of chemical elements between magmas and
their crystallization products. Because of their relevance
for detecting connections between these distribution coeffi-
cients and structural parameters the following considera-
tions will bo restricted to those elements which are supposed
to occupy cation positions in the alumosilicate lattice, i.e.
alkaline and alkaline earth elements, elements of the first
transition period of the periodic table, yttrium and the
lanthanide elements.

There are three ways to determine distribution coeffi-
cients between rocks and their parent magmas by measur-
ing element concentrations: Laboratory experiments
with crystallizing silicate melts, investigation of natural
or artifically prepared phenocryst/matrix systems (see
e.g. [4]) and investigation of rock series which can be assum-
ed to bo genetically connected with each other [5]. The first
two possibilities aro not considered here. The third way is
gone in a pioneering kind by P. W. Gast [1] and D. M. Shaw
[2]. A review of quantitative models of trace element be-
haviour in different magmatic processes is given by G. J.
Allegre and J. F. Minster [4]. In our paper wo take into
account firstly the isotopic composition of the rocks, se-
condly we use — similar as in isotopie research [0 —10],
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WetzdjHahcrlandl: Calculating Distribution Coefficients of Chemical Elements

a method comparing the behaviour of two or more chemi-
cal elements and thirdly we restrict ourselves to fractional
crystallization processes but include a certain kind of open
systems.

Exact knowledge of fractional crystallization conditions,
particularly precise knowledge of the amounts of crystalli-
zation products, is a necessary condition of exactly cal-
culating distribution coefficients of chemical elements in
the third case. Thus, the concentration G( of a chemical
element in a magma of the mass AI is connected with the
concentration Ci of this element in the initial mass Jl/0 of
this magma, underlying crystallization in a closed system,
by the Iiayleigh equation

Gt/Gi = (a//J/0)»i-» (1)

where Dt are tho distribution coefficients of the chemical
element i:

concentration in tho solid phase
concentration in tho liquid phase

[11].
Equation (1) is valid for equilibrium between every

differential amount of solid phase and the homogeneous
liquid phase tho solid phase has been formed from.

One of the authors of tho present paper has used equa-
tion (1) for calculating tho Di values of tho alkaline and
the alkaline earth elements, the elements of the first tran-
sition period of tho periodic tablo and tho rare earth ele-
ments, assuming that all tho gabbros, diorites, quartz diori-
tes, granodiorites and granites present in the recent conti-
nental crust have been formed by fractional crystalliza-
tion of a magma of the intermediary composition in a closed
system [5, 12]. The lower continental crust is assumed to
be of dioritic composition. On the basis of this model distri-
bution coefficients Dt of the mentioned elements between
gabbros, diorites, quartz diorites and granodiorites on
one hand and the magmas these rocks crystallize from on
the other hand can be calculated using the global Clarke
values of the single rock types and their global abundances
in the continental crust. In accordance with the continuity
of the chemical composition and the homogeneity of tho
structure of igneous rocks these distribution coefficients
can be related to Schuetzc's 18O index I [13] describing the
O2-lattico surrounding the cations in question [5, 12]

lg D, = kt+St- (I, - I,)

= kt + St • AI, (2)

where AI is the difference of tho 180 indices of the liquid
(/,) and the solid phase (7S), k and S are coefficients to be
determined empirically.

Using un approach of statistical mechanics for ideal gas molecules of
type AXn one can define the "O index I [8] generally by

I- l rOL
n j=i oi

(3a)

The coefficients yj, <n arc structure dependent and can be calculated
using vibrational frequencies of the molecules AXrt with substitution
of the atom X — bounded at position j — by a heavier isotope *A\

Iu a high temperature approximation the " 0 index for alumosilicata
can be evaluated by the formula [13].

I = •—(0.977X + 0G45j + O-Olojic + 4092) ,
V

(3 b)

where x, y and z are averaged stoiehiometric coefficients of silicium
oxygen and not tctrahedrally coordinates aluminium (Al^') in the chemi-
cal formula J/£(llAlJ'I[SiJAiy5_J.O ] ot the alumosilicate. The coeffi-
cient \c of all the cations M other than aluminium which are not in

tetrahedron centres is given by the condition of electroneutrality:

w = 2y - x — 12 — 3z .

denotes aluminium in tetrahedral positions and n the mean elec-
trical charge of the cations 31).

At least for all alumosilicatcs formed by crystallization from inter-
mediary to acid melts AI can also be calculated by the empirical relation
[5]

AI = 0175 - 0-534/ . (I)

Kquation (4) yields for gabbro and basalts AI = 0091, for diorites and
other intermediary rocks A7 = 0074, for quartz diorites AI = 00215
and for granodiorites AI •= 0019. Granites and quartz mouzonites can
be supposed to be characterized by AI = 0.

The coefficients kt ami &"; in equation (2) calculated by fitting the distri-
bution coefficients i),- determined in the above described way are listed
in Tab. 1 [14].

Tab. 1. The coefficients k and S in lg X) = k + S • AI for a number of
chemical elements

Element

Li
Xa
K
Kb
Cs
lie
3Ig
Ca
Sr
Ba
Sc

k

- 0 0 7 1
0102

-0-239
- 0 1 8 9

00099
0-321
0-235
0-229
0-275
0-05G
0152

S

-1-79
-2-54
-3-41
- 3 0 9
- 5 1 7

-11-4
0-9S3
0-490

-3-5G
-4-59

0-30O

Element

Ti
T
Cr
Mil

Fe
Co
Xi
Cu
Zn
La
Y

k

0047
0007

— 1-77
0041
0112

-0-95
-0-445
-0-109
- 0 0 2 3

0178
-0-0S5

S

1-95
304

2C-5
1-S2
1-10

18-9
11-5
5-57
2-14

-7-89
0-3GG

It is a remarkable disadvantage of models based on
equation (1) that the knowledge of tho quantitative pro-
gress of crystallization must bo taken for granted. Note
that the majority of igneous processes are more or less open
system processes and that AI in equation (1) usually is
unknown. Therefore it would be desirable to eliminate the
quantity AI by any means thus achieving relations for
estimating distribution coefficients only using concentra-
tions under certain conditions. This can indeed be attained
by combining two (or more) element concentrations in
one and tho same magmatic bodies with each other. We
write equation (1) in its logarithmic form for the element
concentrations Gx and C2:

a

where G\ and C" denote the initial concentrations in the

melt of tho amount AI0. Elimination of lg —— from these
equations yields °

at
ig ci - Dl

1
(5 a)

Substituting the concentrations (7( in the liquid phase by
the corresponding concentrations Cj = Dfii

lg cx = J )
1 _ l lg c, + lg DXG\ ~ J _ x lg D.fil

(5 b)
or lg Cl = m lg c, + q.
Equation (5b) is a linear relation between the logarithms
of the solid phase concentrations cx and c, with the slope

n i

(0)
D,~ I

90 Isotopcnpraxis -23 (1987) 3

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
T
I
B
-
L
i
z
e
n
z
e
n
 
-
 
T
I
B
 
L
i
c
e
n
c
e
 
A
f
f
a
i
r
s
]
 
A
t
:
 
2
0
:
5
7
 
2
9
 
J
a
n
u
a
r
y
 
2
0
0
9



Welzcl/IIaberlandt: Calculating Distribution Coefficients of Chemical Elements

Tho corresponding straight line intersects tho ordinale at zation steps by

m - q + l
- 1

) , - i

iha + l
a + l

- l

in analogy to equations (3) and (C). This particular type of system is
evidently distinguished by an exact agreement with closed systems with
respect to the Ig ct — Ig c, correlation of element pairs.

Wo now turn a more common type of open systems and
consider n subsequent crystallization steps, the first sturt-
ing with tho concentration C in the initial melt and re-
sulting in a solid fraction of tho amount J/1^ and a residual
liquid of tho amount 1 — J / 1 ' :

,/i)c(i) + (1 - ,/«) C*» = CW>, (8)

where cM and C'1' are the concentrations of any chemical
element in tho solid or tho liquid fraction, respectively.
Considering equilibrium conditions between the two phases
c/G = D for tho first crystallization step equation (8)
gets tho form

c'1* 1
_ =

2)0) i

(9 b)

Equations (9 a) and (9b) can be rearranged to give tho
concentration c^"' after n subsequent differential crystalli-

and for the ntn step one yields

Uz — 1

Equation (5) can bo used for revealing fractional crystalli-
zation series, if the distribution coefficients Dx and D2 and
tho concentration C? and CS in tho parent magma can be
assumed to bo known. If the slope m in equation (5) is
solery used, fractional crystallization series can be investi-
gated without any knowledge of C\ and C«, i.e. without
any information about the parent magma. Inversely equa-
tion (5) can bo used for comparison of m and q derived from
element concentration correlations with m and q calculated
from D1 and D2 (and C\ and C%) determined in any other
way, particularly in the way described above. This is pos-
sible provided that the rocks on which equation (5) is
applied can really be assumed to bo members of a rock se-
ries formed by fractional crystallization of a magma in a
closed system.

Because of this important restriction we will now treat the fractional
crystallization of a system which is a priori not assumed to be closed,
but looses matter invading rocks surrounding the magma chamber.

As Cann [31] has shown, fractional crystallization in a magma chamber
continuously losing liquid during solidification can be described by a
modified Rayleigh formula (1) in which D has to be substituted by

Dq + 1

q + l '

where q is the ratio of solid precipitated to liquid lost by leakage of the
magma chamber under consideration. For a close magma chamber is
q — oo and becomes Dx = Dr while a chamber losing all its magma by
leakage (q = 0) is distinguished by Dx = 1 corresponding to the absence
of any differentiation.

As this equation and equation (1) show, this type of crystallization
gives rise to a gradation of element concentrations which at high liquid
leakage can be distinguished from the gradation caused by closed system
fractionation, particularly in the case of incompatible elements. (For
compatible elements D1 approaches D for less than 20 % liquid leakage.)
The slope m of a Ig Ci — Ig c, correlation line for a magma chamber with
continuous removal of liquid is given by

• C(°) .

77(1 + n o>(2 )U>- i))
(10)

Applying equation (10) to the concentrations c^Cy and
c2C2 of two chemical elements wo obtain

Ig c« = Ig 7JW - i Ig (1 + >/W> - 1)) + Ig C<°>

Ig c<'<) = igDOO -

Taking into account

P i)) ~ ig o 2;

(1 + rP(Dip - 1)) + Ig C2» .

(11)

for i = 1, 2 and »/J'(Z>W> — 1) <^ 1 and assuming

Z)*1' = Z)<2) = ... = Z)W) = ... D

we get

2 tfi\Dt - 1)

, - 1)

Ig c, + Ig C<°)

Ig CM + Ig Dt

Z rfi\Dt - 1)
and because of

, - 1) Dl - 1

- 1) D.•

this yields

Ig - Ig

(12)

Equation (12) is identical with equation (5). The assump-
tion of constancy of distribution coefficients during crys-
tallization is only fulfilled if A/ is constant.

Thus wo can draw the conclusion that equation (5)
describes fractional crystallization controlled element con-
centration correlations independent on any knowledge of
the quantitative proportions of tho liquid and tho solid
fraction and (with tho limitations just described) on any
information about whether the magma forms a closed sys-
tem or a system loosing liquid phase to the surroundings.
Tho plausible explanation of this result is the following:
The concentration of a single element strongly depends on
how crystallization proceeds, while the relation of the con-
centration of two or more elements to each other is in a
first approximation only dependent on the-initial condi-
tions and tho distribution coefficients, the degree of differ-
entiation being cancelled.

Magmas assimilating wallrocks during crystallization arc of course
also open systems. The elemental concentrations of such magmas can
be calculated using de Paolo's [15] combined wallrock assimilation and
fractional crystallization model. A simple consideration shows that
correlations between concentrations of such magmas do not follow equa-
tion (5). This type of correlation is therefore characteristic of fractional
crystallization of closed systems and of open systems loosing material
to the surroundings [16].

Thus wo conclude that equation (5) can be used for
distinguishing closed and contracting system fractional

Isotopenpraxis 23 (1987) 3 97
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Wetsel/Haberlandl: Calculating Distribution Coefficients of Chemical Elements

crystallization controlled processes from any other (ex-
tending system fractional crystallization, partial melting,
leaching, migration, diffusion, convection etc.) processes
influencing clement concentrations in igneous rocks, but
not for distinguishing different mechanism of crystalliza-
tion differentiation from each other, particularly for de-
ciding whether or not the solidification proceeds in a closed
or in a contracting system. (The latter would at the most
be possible by using concentration patterns of elements
with Di values very strongly deviating from unity.) Equa-
tion (5) is valid for element concentration correlations of all
elements the concentrations of which are ruled by frac-
tional crystallization except for elements with distribu-
tion coefficients strongly deviating from unity in systems
loosing material to the surroundings.

The application of equations (5) to particular magmatic bodies as
well as to global Clarke values ot different types of igneous rocks reveals
high correlation coefficients r and good agreement of m and q in equa-
tion (G) and (7) calculated from the Igoi — Igc, correlation line on one
hand and f rom £>, and D, (and C} and Cjj) on the other hand with respect
to many, but not to all clement pairs. As we will show below low corre-
lation coefficients and bad agreement is often found, if at least one of the
chemical elements is characterized by a D value only slightly deviating
from unity (0-8 < Z> < 1-2). This is clearly duo to the fact that the gra-
dation of the concentrations of those elements in a series of igneous
rocks is small and is not or not mainly determined by fractional crystalli-
zation, but by any other geochemical process. Therefore the distribution
coefficients 25; must deviate from unity to a certain extend in order
to guarantee a concentration gradation ruled by fractional crystalliza-
tion, but should not deviate from unity too much in order to get open
systems Included. (On tho other hand Di should strongly deviate from
unity if open systems are intended to be distinguished from closed ones.)

Under these circumstances concentration correlations
between tho following chemical elements in Tub. 1 can be
recommended for investigating magmatic processes and
distinguishing them from other geochemical processes: Iv,
Mg, Ca, Fo in granitic rocks, K, Mg, Ca, Fe, Ti, JMn in
intermediary rocks and K, Jig, Ca, Fe, Ti, Jin and Na in
gabbro-basaltic rocks. (These recommendations are based
on Dt values calculated by equation (2) vising kt and Si
values in Tab. 1.)

In the geochemical literature complex element concentration corre-
lations like c/Cj — c,, c,/e, — c, and <-,/<•, — c,lc, or their logarithms,
respectively, are often used for investigating igneous rocks. We will
consider whether or which of such correlations can bo expected to give
results exceeding those obtained from simple correlations as defined by
equation (5), particularly in the case of chemical elements with I) values
only slightly deviating from unity. In accordance with the models de-
scribed here these considerations are restricted to correlations between
tho logarithms of concentration or concentration quotients, lg d/c,
— Igc, correlations can be derived by subtracting lg c2 from both sides
of equation (jb):

lb' eje, lg c, + Ig D,C\ - ~ *

= (HI - l)lgC, + q.

(13a)

(13b)

lge,/r2 = jj _ {~ lgl

If 1 is an element with 1) *= 1 and 2 and are elements with X> values
strongly deviating from unity, we get a similar situation as in the case
of equation (13): Kquatiou (14) becomes more or less identical with a
igCj — lge3 correlation with respect to its geochemical relevance. Hut
as contrasted with equation (13) equation (14) can be used for correlat-
ing two elements 1 and 2 being distinguished by I),, D, = 1 with an ele-
ment 3 distinguished by a D value strongly deviating from unity. (In
certain cases the quotient cjcz will be distinguished by a more evident
correlation with progress in fraction crystallization than the single con-
centrations cl or C;, respectively.)

Equation (14) can be extended to a lg d/c, — lg c,lc, correlation in the
following way: If both sides of equation (13a) are multiplied by —1,
using c,,D,, ClJ instead of c!( V2, CS and c,, D,, Cj instead of c,, D,, C$, the
following relation results: '

V, - D. V, -
lg c,lc, = — - lg c, - lg D,Cl +

- 1 > - 1
(15)

Combination of equations (14) and (15) yields:

Ig Cj

2>. - 2 > ,

^ ig c,/c. + lg D , C ; -

j - Ig-D.Cj). (IG)

Kquation (IG) is a lgc,/<?j — Igfs/f, correlation which in addition to the
equations (5), (13) and (14) can be used for investigating igneous rock
suites with respect to their genetic coherence or to the role of fractional
crystallization during their generation, respectively.

Among these correlations equation (IG) is the most comprehensive
one. Equations (5), (13) and (14) can be derived from equation (IG) by
substituting definite cj and Dt values by corresponding values or by
unity, respectively. Because of this tight connection we are allowed to
face the simplest correlation (5), if we now turn to the question, whether
or not distribution coefficients Dj can be calculated solely from element
concentration correlations. From a formal point of view this should be
possible, if the initial concentrations Cj and C" are known or can be deter-
mined independently, because in equation (5 b) m contains an informs!-

I), — 1 DL — 1
tion about and q contains besides also I), and D. thorn-

D, - 1 D, - 1
selves. Hut in fact this would not work, as the following consideration
shows: If we write equation (7) in tho form

3 = l !?c5-S^TIsC2 V, - 1

X), - 1
we recognize that Ig £>, Ig-D, does not considerable contri-

D 1

bute to q ( A - 1
lgi>, , - i ) - igc ' ~

= 0, if X>,, Dt =* 1 ] . Therefore element concentration correlations can

Equation (13) will evidently yield the same m and q values as equation
(5b), but as we will show later considerably higher correlation coeffi-
cients r, if ct is the concentration of an element with a D value consi-
derably deviating from unity and c2 the concentration of an clement with
1) => 1. This can easily be understood, if one faces the utmost case that
c2 is constant in a certain rock series. Equation (13) then becomes a
correlation between Ig 1/c, and lgc,:

lgf, = - (i» - l)Igc, - q'

with a constant q' = q — lg c,. This of course is a trivial correlation with
a correlation coefficient r = l'OO without any geoehemical meaning.
In a similar way a lg Ci/c2 — lg c, correlation can be derived by substitut-
ing lg c2 in equation (13a) by the simple correlation

D, - 1 . D, - 1 .
IS e, = Ig c, + Ig Z)2C5 - lg D,C\D, - 1 D, - 1

scarcely be used for determining D^ values independently. Either one
distribution coefficient can be assumed to be known and the other is
calculated with the aid of equation (G) or the slope HI of the correlation
line is used for controlling V values determined on any other way. The
intersection q of the correlation line with the ordiuate can be used for
gaining information on the initial concentrations Cj and C<j nearly in-
dependently on exact knowledge of JJt and D2. On the other hand q is,
as we have just seen, in no way an adequate means of getting information
about D values.

These conclusions are valid not only for equation (5), but also for
equations (13), (14) and (IG).

2. Applications to definite magmatic bodies

2.1. Magmatic bodies with known quantitative pro-
portions of crystallization products

There are a few series of igneous rocks formed by fractional
crystallization tho quantities of solidification products

98 Isotopenpraxis 23 (1987) 3

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
T
I
B
-
L
i
z
e
n
z
e
n
 
-
 
T
I
B
 
L
i
c
e
n
c
e
 
A
f
f
a
i
r
s
]
 
A
t
:
 
2
0
:
5
7
 
2
9
 
J
a
n
u
a
r
y
 
2
0
0
9



Mitteilungen/
Information.
IAEA: INTERNATIONAL CO-OPERATION: "ABSOLUTE
NECESSITY" ] r—
Calling co-operation among nations an "absolute
necessity" in today's world, IAEA Director
General Hans Blix has urged the international
community to "redouble its efforts" to curb-the
spread of nuclear weapons and to reduce risks
from modern technologies. "International rules
and regulations must not lag behind the leaps
in scientific and technological advancement,"
he said. Dr. Blix made the remarks on 11 Novem-
ber 1986 in New York during his annual statement
to the United Nations General Assembly. In the
nuclear field, he said, the past few months ha-
ve seen international co-operation "at its beat",
as governments were determined in a spirit of
compromise to make full use of the organizations
they had set up. The "remarkable international
solidarity and co-operation" since Chernobyl, he
said, is "an.example of how the world can draw
together to try to ensure that technology, will
be used safely for the benefit of humankind".
He called the work "especially encouraging" at
a time when United Nations organizations are
being criticized and multilateral diplomacy
in general is "in crisis". (IAEA Newabriefs
1(1986)4

IAEA:
PLANT BREEDING
POOD CROPS FROM WILD PLANTS
Prom the earth's rich variety of more than 200000
species of flowering plants, only a small" frac-
tion have been domesticated and grown for food
and industrial uses. Today, scientists are look-
ing at ways to domesticate more wild plants, and
to change existing crops, to help meet the worlds
growing needs. Advances in this branch of plant
breeding were reviewed from 17-21 November 1986
by an advisory group of scientists to the IAEA
and the Pood and Agriculture Organization (PAO)
of the United Nations, Since 1964, the two agen-
cies have worked together in plant breeding'
and other fields through a joint division of
isotope and radiation applications of atomic
energy for food and agricultural development.
The advisory group discussed research and advan-
ced methods being used in plant breeding and
"addressed important related'to breeding proce-.-
dures, technological developments, co-ordination
of future activities, and training programmes.
Scientists from the Federal Republic of Germany,
Israel, Italy, the Netherlands, Sri Lanka, Swe-
den, the UK, and the USA attended the meeting,
(IAEA Newsbriefs 1(1986)4) r

IAEA UNESCO
SCIENTISTS HONOURED AT ICTP IN TRIESTE
Distinguished scientists from several countries
have been honoured in award ceremonies at ehthe
International Centre for Theoretical Physics
(ICTP) in Trieste, Italy. ICTP is a joint rese-
arch institution of the IAEA and the United
Nations Educational, Scientific, and Cultural
Organization (UNESCO),
On 15 November, two scientists from the USSR
were, officially given the Dirac Medal of the
ICTP for 1985 and 1986: Prof. Yakov Zeldovich
of the Space Research Institute in Moscow, and
Prof, Alexander Polyakov of the Landau Institute
of Theoretical Physics in Moscow, The two other
recipients of the medal in 1985 and 1986 were
US scientists Prof, Edward Witten of Princeton
University and Prof, Yoichiro Nambu of the
Enrico Fermi Institute for Nuclear Studies at
Chicago University, The Dirac Medal is issued
in honour"of Prof. Paul Adrien Dirac, who
shared the Nobel Prize for Physics with E,
Schroedinger in 1933. The awards were pressehteff
by Prof. Abdus Salam, Nobel Laureate in 1979
and Director of the ICTP, and Prof. Stig Lund-
quist, Chairman of the ICTP Scientific Council.
On 19 November, Prof, Chilee Obi, Professor
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Emeritus of the University of Lagos in Nigeria,
received the 1985 ICTP Prize for outstanding
contributions in the field of mathematics. The
award is in honour of Dr. Sigvard Eklund, who
was Director General of the IAEA from 1961-81.
Dr. Eklund personally presented the prize of
US S1000 and a certificate. The 1986 ICTP Prize
will be awarded in Maroh 1987 to Prof. Id Jia-
ming of China for his contributions in the
field of atomic and molecular physics. (IAEA
Newabriefs 1(1986)4)

IAEAi GQVERKHBHT SUPPORT POR NUCLEAR DEVELOP-

com several venues and vantage points, govern-
ments recently have expressed their interest
in the peaceful international development of
nuclear energy and the IAEA's expanding program-
mes and role:
In Tokyo on 29 October, Japan's Prime Minister
Yasuhiro Hakasone personally assured IAEA Di-
rector General Hana Blix of his country's '
support for the work of the IAEA. Mr. Hakasone
met with.Dr. Blix in connection with the 30th
anniversary of Japan's peaceful development
of nuclear powers
During the talks,Mr. Nakasone underlined Japan's
full support for the Agency's expanded nuclear
safety programme, and his, satisfaction with
the IAEA's work, especially since the nuclear I
plant accident at Chernobyl. Also discussed
were Japan's co-operation in safeguards measu-
res and technical assistance programmes.
IH Vienna on 3 Hovember, USSR Poreign Minister
E.A. Chevardnadae met with Dr. Blix and con-
firmed his country's support of the IAEA in
relatio to the non-proliferation of nuclear
weapons and the development of international
OQ-operation in the peaceful uses of nuclear
energy. He also expressed satisfaction with
the effective measures being taken within the
framework of the IAEA for the implementation
of the USSRjs proposal for the creation of an
international regime for the safe development
of nuclear power.
In Vienna on 6-November, Poreign Minister Sten
Anderson of Sweden and.Marian Orzechowski of
Poland separately visited Dr. Blix. Discussions
related to the present status of nuclear power and
and safety, the IAEA's safeguards activities,
and international cooperation. Mr. Anders3on
expressed particular interest in the future
development of the safeguards inspections sys-
tem in the light of nuclear disarmament. Mr.
Orzechowski extended his Government's appre-
ciation of the IAEA's work during what he termed
a "dramatic period" after the Chernobyl accident.
Be said Poland intends to continue its nuclear
power programme and places high value on IAEA
assistance and co-operation. (IASA-Hewsbrief
1(1986)3) ,

IAEA/WHO: ASSESSMENT OP CHERNOBYL'S LONG'TERM
HEALTH EPPECTS
Jointly with the World Health Organization (WHO),
the IAEA is continuing to collect the environ-
mental measurement results from those countries
affected by the release of radioaotive materials
from the Chernobyl aooidenf. This information
will provide a database for an assesment of
the accidentls long-term health consequences,
which will be done by the United Nations Com-
aitee on the Effects of Atomic Radiation
(UNSCEAR); It is expected to be published as
part of a comprehensive UNSCEAR report in 1988.
Since the Chernobyl accident of 26 April, more f
than 20 Member States have voluntarily sent to
the IAEA data fr6m their environmental measure-
ments. (A report on this exchange of information
appears in the latest edition of the IAEA Bulle-
tin, Vol. 28, No, 3) , Data on measurements also
have been submitted separately to the WHO. Sin-
ce the Chernobyl accident, the WHO Regional
Office for Europe, based in Copenhagen, has
carried out two preliminary overviews. The
first, in May, estimated the immediate problems
in various European oountries, and the second,
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in June, made tentative predictions of popu-
lation doses associated with the various ex- . .
poaure pathways. The joint IAEA/WHO programme
for' the collection of environmental monitoring
data was initiated in August 1986 following a
joint meeting of the IAEA, the WHO, the World
Meteorological Organization (WMO), and UNSCEAR,
The IAEA currently is looking at ways to deve-
lop- a long-term co-operative programme with .
these and other international organizations.
This is part of efforts to. improve post-acci-
dent of environmental consequences, environmen-
tal monitoring capabilities and planning of
oountermeaaures and information exchange-.
(IAEA-Newsbriefs 1(1986)3)

IAEA.: SYMPOSIUM UEBER SICHERUNGSKOHTROLIiE BEI
CKBMATERIAL EROEPJHETft

IAEA:UPDATE- ON THREE ISTERHATIONAL CONVENTIONS
The Convention on Early Notification of a Nuclear
Aoeident - which was opened for signature at
the Special Session of the IAEA General Confe-
rence in Vienna on 26 September - entered" into
JToroe on 27 October. This oame 30 days after
Czechoslovakia, Denmark, and Norway - three
of the 58 signatory States - expressed their
consent to be bound by the convention upon sig-
ning it on 26 September. Other States have also
declared their willingness to apply the con-
vention provisionally, pending its entry into
force them after the deposits of instruments
of ratification, acceptance,.approval, or acces-
sion have been received expressing consent to
be bound."The convention will remain open for
signature until 26 September 1987 at Vienna
and 6 October 1987 at New York. Fifty-seven
8tate3 have also signed the Convention on Assis-
tance in1" the case of a Nuclear Accident or Ra-
diological Emergency. It was also opened for .
signature on 26 September this year. As in the
case of the other convention, this will enter .
into force 30 days after three States have ex-
pressed their consent to-be bound by its pro-
vision. So far, inly Norway' has done so. Another
international convention - the Convention on
the Physical Protection of Nuclear Material -
now has been ratified by 19 of the-45 signatory
States. Only two more ratifications are needed
for it to enter into force. Adopted in Vienna
in 1979, the convention provides for a concer-
ted international approach in security measures
to physically protect nuclear materials. It
commits State Farties to take security measures
that will deter or defeat deliberate acts, such
as theft, sabotage, or unlawful removal and
use of nuclear materials. They also agree not
to export or import nuclear material, or allow
its transit through their territories, without
assurances of its physical protection to speci-
fied levels of security. Although several of
the convention's provisions deal with nuclear
material in domestic use, storage, and trans-
port, its primary focue is on the physical
protection of nuclear material during internatio-
nal transport. (IAEA-Newsbrief 1(1986)3)

IAEA: STAMP DER KONVENTIONEN
Bis zum 8,10.1986 haben insgesamt 58 Staaten
die Konvention ueber Pruehwarnung bei einem
Nuklearunfall, die an 26 September 1986 im
Kongresszentrum Hofburg in Wien zur Unterschrift
aufgelegt wurde," unterzeichnet. Da drei Staaten
diese Konvention mit sofort bindender Wirkung
unterzeichnet haben, wird sie am 27. Oktober
1986 in Kraft treten. 57 Staaten haben die Kon-
vention ueber Hilfeleistung in Jalle eines
Nuklearunfalls Oder einer Strahlennotstands-.
situation, die zum gleichen Zeitpunkt zur Unter-
schrift aufgelegt wurde, unterzeichnet, Wie die
andere Konvention wird sie 30 Tage nachdem 3
Staaten sie als bindend anerkannt haben in Kraft
treten, Der Generaldirektor der IAEA wurde zun • '
Depositar fuer beide Kpnventionen bestinant.
und er wird in Kuerze alien* St&aten eine Mit-
teilung bezueglich der, anlaesalich der Unter-
seichnung der Konventionen abgegebenen Erklae-
rungen oder Vorbehalte der Staaten zukommen
lassen. (IAEA-Pressekommunique (1986) 36)

II

e juengst erzielten Fortschritte in der 5i-
cherungskontrolle von Kernmaterial sind das
Thema eines internationalen Symposiums, das am
10,11.1986 in Wien eroeffnet wurde. Zu dem eine
Woche dauernden Symposium sind ueber 300 Ex-.
perten aus 30 Mitgliedsstaaten der IAEA und
von vier internationalen Organ!aationen zueam-
mengekommen. Es werden etwa 150 Jachberichte
aus 15 Themenkreisen vorgetragen werden. Die
Sicherungskontrolle ist das technische Verfah-
ren, das von der IAEA angewandt wird, um zu
ueberpruefen, ob kerntechnische Einrichtungen
oder Kernmaterial ausschliesslieh fuer fried-
liche Zwecke verwendet werden, Zur Zeit wird
die Sicherungskontrolle auf mehr als 95% der
zivilen Nukleareinrichtungen ausserhalb der
fuenf Kernwaffenstaaten (China, Prankreich,
Grossbritannien, UdSSR, USA) angewendet. Vier
der fuenf Kernwaffenstaaten haben alle (Gross-
britannien, USA) .bzw. einige (Prankreich,UdSSR)
zivile Kernanlagen der IAEA-Sicherungskontrolle'
unterstellt. Die IAEA befindet sich derzeit
auch in Verhandlung ueber ein Sicherungskon-
trollabkommen mit der VR China, dem fuenften
und letzten Kernwa^fenstaat, der 'dem Kontroll-
systeai noch nicht untersteht. In den vergangenen
Jahren wurden bedeutende Portschritte hinsicht-
lich der Erreichung der Sicherungskontroll-
ziele der IAEA gemacht. Die Anzahl der schon
vorhandenen, der Sicherungskontrolle unter-
stehenden Anlagen, in denen die Kontrollziele
der IAEA fuer das gesamte"Kernmaterial zur
Gaenze erreicht wurden, hat sich verdreifacht,
und die Anzahl der neuen Anlagen, die der IAEA-
Sicherungskontrolle unterstellt wurden, ist
im gleichen Zeitraum um 60% gestiegen. Auf dem
jetzt stattfindenden Symposium, dem sechsteri in
einer im Vierjahresrhytmus veranatalteten
Reihe, wird der gegenwaertige Stand der Siche-
rungskontrolltechnologie in alien Bereichen
ueberprueft. Polgende Themen wird erhoehtes
Augenmerk gewidmet: verbesserte zerstoerungs-
freie Ifessverfahren, neuere statistische Ver-
fahren, um aus dem vorhandenen Datenmaterial
ein Maximum an Information herauszuholen, und
Sicherungskpntrollmethoden fuer abgebrannte
Brennstoffe'', der nicht der Wiederaufbereitung
und Wiederverwendung zugefuehrt, sondern lang-
fristig gelagert wird. Ebenfalls ueberprueft
wird die aus frueher besprochenen Methoden
gewonnene praktische Erfahrung. (IAEA-Presse-
konnunique (1986) 45)

IAEA:
DIE KERNKRAFT BEDARP DER INTERNATIONALEN
SOLIDARITAET UND ZUSAMMENARBEIT
-Ansprache von Dr. Hans Blix, IAEA-General-
direktor, vor der Generalversammlung der Ver-
einten Nationen -
Die Kernkraft durch Kernspaltung ist eine Ge-
gebenheit, mit der wir auch in Zukunft leben ' .
werden, derm 15% der Elektrizitaet weltweit
wird aus. Kernenergie erzeugt, Man kann behaupten,
dass mit der gravierenden Ausnahme von Tscherno-
byl die Gefahren der Kernenergieerzeugung fu&r
Gesundheit und Umwelt hypothetisch geblieben
sind, waehrend der tagtaegliche Gebrauch von
Kohle und Erdoel zur Stromerzeugung die schwer-
wiegendsten Auswirkungen auf die Umwelt hat,
sagte Dr. Ifans Blix; er ergaenzte: Die Kern-
kraft wird uns den Uebergang von der Energie-
gewinnung aus Erdoel"zu einer anderen Energie-
form erleichtern, vielleicht zur Sonnenenergie
oder zur Kernfusion, Aber diese neuartigen
Energiequellen sind nicht sofort verfuegbar fuer
die hohe zusaetzliche Energieerzeugung, die die
Menschen benoetigen werden, um den Lebensstandard
zu heben und den Portschrtitt voranzutreiben.
Dr. Blix nannte eine Reihe von Masanehmeahmen, die
von der IAEA seit dem Unfall in Tsohernobyl ge-
troffen wurden, und meinte, dass alles getan
werden muesse, un die Sicherheit vreiter- zu er-
hoehen, und dass'das Problen der Kernsicherheit
nun eine viel ataerkere Internationale Dimen-
sion habe als vorher. In diesem Zusammenhang
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sagte er: Verbindliche und einheitliche Kern-
aicherheitsnormen sind eine konplizierte Ange-
legenheit, da die Kernreaktoreri von Typ zu Typ
untersohiedlich sind und es auch bei den Stand-
ortbedingungen Unterschiede gibt; Trotzdem
sollte ernsthaft in Betracht gezoegen werden, .
ob nicht einige grundlegende allgemeine Sicher-
heitsprinzipien ausgearbeitet werden koennten
und ob nicht ein hoeheres Mass an freiwilliger
Annahne und Anwendung der vorhandenen, umfas-
senden Kernsicherheit der IAEA erreicht werden
koennte. Er fuhr fort: Eine Reihe von Ein-
richtungen, die es in der IAEA gibt, koennten
ausgebaut und verstaerkt angewendet werden, um-
das oeffentliche Vertrauen in die Kernsicher-
heit zu erhoehen, Eine dieser Einrichtungen,
die verstaerkt angewendet^werden koennten,
sind die Gruppen zur Nachpruefuna; der Betriebs-
. 3icherheit von Kernanlagen(OSART). Der Besuch
einer solchen Gruppe wird von den Staaten je
nach Bedarf angefordert. Iminer mehr Behoerden,
Regierungen und Eigentuemer von'Kernkraftan-
lagen erachten es als nuetzlich, die Meinung
einer hochqualifizierten, internationalen Ex-
pertengruppe ueber die Betriebssicherheit ihrer
Kernanlagen einzuholen. Das IAEA-Sicherungs-
kontrollsystem beschrieb Dr. Blix zusammen-
fassend als einzlgartige Erfahrung in der inter-
nationalen Pruefung an Ort und Stelle, die alB
Modell fuer die Gestaltung von Ueberpreufungs-
methoden in kuenftigen Rueatungskontrollab-
kommen dienen koennte. 1985 wurden ungefaehr
2,000 Kontrollen in ueber 500 Kernanlagen durch-
gefuehrt. Wie in den vergangenen Jahren wurde •
keine Anontalie entdeckt, die auf die Abzwei-
gung von der Sicherungskontrolle unterstehendem
Kernmaterial fuer militaerische Zwecke hindeu-
ten koennte, berichtete er. Abschliessend
stellte der IAEA-Generaldirektor fest, dass in-,
ternationale Organisationen auch weiterhin eine
unerlaessliche Rolle in unserer turbulenten
Welt innehaben, trotz der Kritik, die sich ge-
gen die Vereinten Nationen und ihr System von
Organisationen richtet. Er fuegte hinzu: In
Zeitalter der EDV, der Weltraum- und Kerntech-
nologie ist die Zusammenarbeit der Staaten eine
unbedingte-Hotwendigkeit, urn die Gefahren der
modernen Technik z^ verringern. Insbesondere
iat diese Zusammenarbeit notwendig, urn die Be-
drohung eines Elnsatzea von Kernwaffen.abzu-
wenden. Die Internationale Gemeinschaft muss,
ihre Anstrengungen zur Durchsetzung der-Nicht-
weiterverbreitung von-Kernwaffen, zur Beendi-
gung des nuklearen Wettruestens und zur Er-
reichung der Abrueatung verataerken. Die be-
merkenswerte Internationale Solidaritaet und
Zusamraenarbeit, die sich nach dem Unfall in
Tschernobyl gezeigt hat, ist ein Beispiel da-
fuer, wie eng die Welt zuaammenruecken kann,
in dem. Bestreben, die Technik zum Wohle der
Menachheit sicher einzuaetzen. (IAEA-Kommuni-
que (19B6) 46) - •

IAEA: * .
TSCHERNOBYL - DAS SYMBOL EINER NEUEN OPFENHEIT
- Ansprache von Dr. Bans Blix, Generaldirektor
der IAEA-vor einer Gemeinsamen AIF/ANS Voll- *
verspiFHn̂ 'WPfi ̂ n Washington, ^m 1B. November 1986—
Dr. Hana Blix, Generaldirektor der IAEA, appel- -
lierte an die nukleare Gemeinschaft, soviele ""
Daten und Fakten und verantwortungsbewusste
Ueberpruefung und auch soviele konstr'uktive
Massnahmen wie moeglich,beizutragen, und sicher-
zustellen, dasa die Folgen eines nuklearen
Unfalls, sollte ea dazu kommen, begrenzt und
praktisch ohne radioakti'ven Austritt in die
Umwelt blieben. Er machte diesen Apell vor der
Vollversammlung einer Gemeinsamen Wintertagung
des Atominduatrieforuma (AIF) der USA und der
Amerikanischen Kernenergiegesellachaft (ANS)
in Washington. Er sagte: Fortgesetzte Bemue-
hungen zur Verbesaerung der Kernaicherheit be-
deuten nicht, daas der gegenwaertige Stand der
Sicherheit achlecht sei. Die Sioherheit "- in
der Kernkraft, in der Luftfahrt oder in welcher
Industrie auch immer - ist in ataendiger Ent-
wicklung begriffen, Auch wuerde die Behauptung,
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dass es in den Reaktoren der westlichen Welt
zu keinem achwerwiegenden Unfall kommen koenne,
nicht viel bringen, Alle Bormen der Energie-
erzeugung - Kernenergie, Wasserkraft, Erdoel,
Kohle oder Erdgaa - bergen Unfallgefahren in
sich. Eine offen gezeigte Bereitschaft, aus alien
Unfaellen Lehren zu ziehen, ist bei weitem
konstruktiver, und dazu geeignet, Vertrauen in
der Oeffentlichkeit zu weoken, Diese Offenheit
und Bereitschaft war auf der im vergangenen
August in Wien abgehaltenen IAEA-Tagung zur
Ueberpruefung dea Unfallhergangs in Tachernobyl
zu apueren. Dr. Blix'sagte: Taohernobyl war eine
traumatische Erfahrung, nicht nur fuer die.Sow-
jetunion, sondern auch fuer Europa und die ganze
Welt. Es ist ein Merkmal unserer Zeit, daas
durch den raschen Informationsaustausch und die
Masaenkomamnikationsmittel auch die traumati-
schen "Ereignisse weltweit uebermittelt werden,
Aber Tschernobyl ist auch zu einem Symbol einer
neuen Offenheit von seiten der Sowjetunion ge-
worden, einer Bereitachaft von aeiten der be-
troffenen Regierungen sich an Internationale
Inatitutionen zu wenden und einer internatio-
nalen Solidaritaet, die die Staaten in gemein-
samen Anatrengungen zusammenfuehrt, Bezugneh-
mend auf den Ruf nach der Errichtung eines
"internationalen Kernsicherheitssystems" um •
einen hoechstmoeglichen Sicherheitsstandard
weltweit zu garantieren, aagte Dr. Blix, dasa
eine Reihe von Einrichtungen und Mechanismen,
die den Regierungen in der IAEA zur Verfue-
gung stehen, ausgebaut und verstaerkt ange-
wendet werden koennten. Dazu zaehlen das Kern-
sicherheitsnormenprogramm (HUSS), das Melde-
system fuer Betriebsatoerungen (IRS) und die
Gruppen zur Nachpruefung der Betriebssicher-
heit (OSART). Er stellte feat, dass ein sprung-
hafter Anstieg in der Naohfrage nach den Dien-
aten dieser Gruppe zu verzeichnen sei, Ea sind
dies internationaleJExpertenteams bestehend aus
12-15 Kernaicherheitsexperten zur Pruefung
der Betriebasicherheit von Kernanlagen auf
Ansuchen einer ataatlichen Behoerde. Der IAEA
Generaldirektor kam dann auf die Bedeutung der
nuklearen Abfallbeseitigung zu sprechen und
erinnerte daran, daas vor Tachernobyl die Be-
eorgnis der Oeffentlichkeit dieabezueglich
staerker war als in Pragen der Kernsicher-
heit. Diese Besorgnis, so oagte er, steht in
seltsamem Widerapruch zu der festen und wach-
senden Uebereinstimmung zwischen Wiasenschaft-
lern und Technikern, das3 wir bereite ueber
Technologien zur Sicheren Endlagerung des nu-
• klearen Abfalls verfuegen, und dass kein gros-
ser Durchbruch in der Technik mehr noetig ist.
Um die Oeffentlichkeit davon zu ueberzeugen
ist es unerlaesslich, mit verbranntem Brenn-
stoff und Abfall immer und ueberall aeusserat
eorgfaeltig umzugehen und geeignete Installa-
tionen zu planen und bauen. Das iat die Auf-
gabe von Industrieeinriohtungen und etaatlichen
Behoerden. Daran muss verstaerkt gearbeitet
werden. (IAEA-Pressekommunique (1986) 48)

IAEA: KONVENTION UEBER PRUEHWARNUNG TRAT IN
KRAFT ;
Die Konvention ueber Pruehwarnung bei einem
Nuklearunfall, die am 26. September im Kon-
gresszentrum der Kcfburg in' Wien zur Unter-
zeichnung aufgelegt wurde, trat am 27.10.1986
in Kraft, Die Kcnvention wxirde bisher von
inageaamt 58 Staaten unterzeichnet. Am 27.10,
1986 waren es genau 30 Tage, dass drei Staaten-
Daeneciark, Norwegen und die Tschechoslowakei,
gleichzeitig nit der Unterzeichnung am 26.9,
ihre Zustimmung zui' Anwendung der Konvention
zum Auadruck brachten, Andere Staaten haben
sich ebenfalls bereit erklaert, die Konvention
anzuwenden, und zwar auf vorlaeufiger Basis,
bia die fuer dieae Staaten nach Hinterlegung
der Ratifikationsinstrutaente, Annahne, Geneh-
migung oder Beitritt mit Bindungserklaerung in
Kraft tritt, Fuer jeden Staat, der auf dieae
Weise seine Zuatimmung zur Bindung kundtut,
tritt die Konvention 30 Tage nach dem Zeit-
punkf seiner Zustimmungaerklaerung in Kraft.
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Die Konvention liegt bis zum 6. Oktober 1987
in New York zur Unterzeichnung aus. 57 Staaten
haben eine zweite Konvention, ueber Hilfelei-
stung bei Nuklearunfaellen oder in Ctrahlen-
notstandssituationen, unterzeichnet, die eben-
falls am 26.9.1986 zur Unterzeichnung aufge-
legt wurde. (IAEA-Pressekommunique (1986)38)

IAEA/UdSSR; GESPRAECHS TW PER IAEA
E.A. Schewardnadse, der sowjetische Aussen-
minister, stattete an 3.11.1986 Dr. Hans Blix,
dem Generaldirektor der IAEA am Amtssitz in
Wien einen Besuch ab, Waehrend ihres Gesprae-
ches bestaetigte Schewardnadse die Unterstuetz-
ung-der Sowjetunion fuer die IAEA in ihrer
statutenmaessig verankerten Aufgabe bezueglich
der Nichfweiterverbreitung von Kernwaffen und
der Entwioklung der internationalen Zueammen-
arbeit fuer die friedliohe Nutzung der Kern-
energie. Er brachte auch seine Zufriedenheit
mit den sehr wirkungsvollen Masanahmen zum Aus-
druck, die im Rahmen der IAEA zur Verwirklichung
des sowjetischen Vorschlages eines internatio-
nalen Systems fuer die sichere Entwicklung der
Kernenergie getroffen werden. Dr. Blix erwaehnte
mit dankender Anerkennung das Vertrauen, das
die UdSSR der IAEA in den vergangenen Monaten
entgegengebracht hat, indem sie duroh die IAEA
•die aus dem Unfall in Tschernobyl gewonnenen
Erfahrungen mit der Welt teilte, um so zur Er-
hoehung der Kernsicherheit beizutragen. Er
schaetzte die Initiativen der UdSSR auf dem
Gebiet der Kernsicherheit als wichtigen Bei-
trag zu dem erweiterten Sicherheitsprogramm
der IAEA aeusserst hoch ein, (IAEA-Pressekom-
munique (1986)42)

IAEA; DIE ZUKUNFT DER KERNENERGIE
Die Kernenergie erhaelt auch weiterhin starke
Unterstuetzung als bewaehrte Technologie und
Energiequelle, sagte Dr. Hans Blix, General-
direktor der IAEA am 31.10.1986 in Tokio auf
einer Sondertagung zur Feier des 30. Jahres-
tags der Entwicklung der Atomenergie in Japan.
Er stellte fest, "Sass bei, der Diskussion ueber
die Zukunft der Kernkraft der Unfall Tscherno-
byl, die Reaktionen darauf, und die Moeglich-
keiten zur Erhoehung der Sicherheit der Kern-
kraft in der Zukunft miteinbezogen werden
muessten. Von der Regierungen aller Staaten,
die die Kernkraft nutzen, sei anzunehmen, dass
sie ihre Vorschriften und Kontrollen der Kern-
kraftanlagen ueberpruefen werden, um sicher zu
gehen, dass ein hoher Sicherheitsstandard ge-
waehrleistet ist, Darueberhinaus wuerden Re-
gierungen auf internationaler Basis zuaammen-
arbeiten wollen, um einander gegenseitig da-
bei zu helfen, aus den gemachten Erfahrungen
zu lernen, Ein erweitertes Kernsicherheits- ,
programm der IAEA koennte ein wichtiges Hilfs-
mittel zur Verwirklichung dieses Vorhabens
sein. Dr. Blix nannte als" einen Bereich, in
dem sich die Internationale Zusanmenarbeit
hoechstwahrscheinlich verstaerken werde, die
vom Betriebspersonal der Kernkraftwerke'ge-
forderten Qualifikationen. "Der Vorachlag wur-
de. gemacht, dass wir die Zweckmaessigkeit der
Erstellung internationaler Normen fuer Ausbil-
dungsprogramme der Reaktorfahrer pruefen soil-
ten", sagte er. "Dieser Vorschlag ist darauf
zurueckzufuehren, dass sowohl der Three-Mile-
Island-Unfall als auch der Unfall in Tscherno-
byl durch Pehlverhalten des Betriebspersonals
verursacht- wurden"; Er hielt fest, dass die
IAEA die Abhaltung einer Konferenz ueber Er-
fahrungen in .der Beziehung Mensch-Maschine, im
Jahre 1988 in Japan plane. Das, so sagte er,
sei "voellig berechtigt" im Hinblick auf Japans
staendige Verbesserungen in der Leistung von

s Kernkraftwerken seit 1980, Man muesse Japan
zu den jetzt erzielten ausgezeichneten Er-
gebnissen beglueckwuenschen. (IARA-Presse-
kommunique (1986)40)

Kurznachrichten/ v

Newlets

IV

Nuclear Energy:
JAPAN MARKS 30 YEARS OF PEACEFUL NUCLEAR DEVE-
LOPMENT
Japan has passed the 30-year mark in its peaceful
development of nuclear energy. In a speech in
Tokyo on 31 October to help nark the occasion,
IAEA Director General Hans Blix commended Ja-
pan for its achievements and longstanding '
support of international co-operation in the
field. Dr. Blix was the guest of the Japanese
Atomic Energy. Commission (AEC). He specifically
cited Japan's "excellent results" in improving
the operating performance of ita nuclear power
plants 3ince 1980 and the importance the Gouvern-
ment places on safety. The country has 32 nuclear
power plants in commercial operation that to-
gether supply 'about 26% of the electricity,
and about Q% of the total energy. (A full
report on nuclear power development in Japan
will appear in the next edition of the IAEA
Bulletin. Vol. 28, No 4). (IAEA-Newsbriefs
1(1986)3)

Detektoren:
URANBLECH FU3R DAS CERN-KALORIKETER
Die franzoesische Unternehmung Compagnie pour
1'Etude de la Realisation de Combustibles
Atomiques (CERCA) begann im October 1986 mit
der Produktion von gewalztem Blech aus 100 t
abgereicherten Uran. Das Blech wird im Kalo-
rimeter Verwendung finden, das gegenwaertig
fuer das UA 1 Experiment im Europaeischen Nu- '
klearforschungscentrum CERN gebaut wird. Das
Uranblech soil schichtweise zu einem runden
Schild in Form eines mehrere Meter langen
Zylinders zusammengebaut werden. Das Kalori-
meter dient der Detektion- von Partikelemiasi-
onen, die beim Aufprall von Elektronen und
Protonen hoher Energie entsteheh. Die Wechsel-
wirkung dieser Partikel mit den Strukturmateri-
alien erzeugt unter anderem typische elektri-
sche Signale, die dann aufgezeichnet und ana-
Iy3iert werden. Da der Raum fuer die zu mes-
senden Wechselwirkungen beschraenkt ist, waehlte
das CSRN als Material mit hoher Dichte Uran.
CSRCA verfuegt ueber lange' Erfahrung in der
Bearbeitung von abgereichertem Uran urid propa-
giert dessen Einsatz in unterschiedlichsten
Bereichen wie Segelschiff-Kiele oder Container
fuer radioaktive Abfaelle. (SVA-Bulletin
(1936) 20) . '

Isotopentrennung:
Japan - INDUSTRIE WILL CHANCEN DER LASER-AN-
"ICHERUHG UNTERSUCHEN
frotz einer Erklaerung des japanischen Ministers
fuer. V/issensohaft und Technologie vom Juni 1985,
wonach Japan am Aufbau einer eigenen U-An-
reicherungs-Industrie auf der Ba3is von Gas-
zentrifugen festhalten werde, hatte die Fede-
ration of Electric Power Companies (FEPC) zur
gleichen Zeit verlauten lassen, dass die Tech-
nik der U-Anreicherung mittels Laser3trahlen
fuer eine kommerzielle Anlage in Rokkashomura
in Frage kommen koenne. Nunmehr sind dieser ..
Verlautbarung konkrete Schritte gefolgt. Die
neun in der FEPC zusammengeschlosaenen Elektrir
zitaetsunternehmen Japans, die.Japan Atomic
Power Company, das zentrale For3chungsinsti-
tut der Elektrizitaetswirtschaft und die. japa-
nische Nuklearbrennstoff-Firma JNFI haben be-
schlossen, ab 1. Januar 1987 eine Forschungs-
gemeinschaft fuer U-Anreicherung mit Laser-
strahlen einzuaetzen.' Waehrend einer in drei
Phasen unterteilten Untersuchungaperiode sollen
bis 1990 alle techniachen und wirtschaftlichen
Kenntnisae und Daten erarbeitet werden, die
erforderlich sind, um die Wettbewerbsfaehig- '
keit der U-Anreicherung mittels Laseri3otopen-
trennung von U im elementaren, gasfoermigen
Zustand (Avlia-Prozesa)*beurteilen zu koennen.
Die kurzen Fristen vonjeweils nur einem Jahr
sind angesetzt fuer drei aufeinander folgende
Phasen, naemlich experimentelle Grundlagen-
versuche, Entwicklung und Bau einer Trenn-
kanmier sowie Betriebe einer integralen Versuchs-
anlage mit einer Kapazitaet von 1000 bis 5000
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RIS(j)-M-261O >
Optica beam wave propagation through complex
optical systems - 1986, 83 pp,.H,T. Yura;
S.G. Hanson

Risfc-M-2612
On transport of helium to grain boundaries
during irradiation - 1986, 26pp, Bachu K.
Singh; Alan J.E. Foreman

in a shall shield lake - G.J.Corhett, I.L.Ophel

AECL-9116,
Measurement of enzyme activities in mouse
dermis following phorbol ester treatment:
potential artifact - H. C. Birmboim et al

epi-
A

RIS^M263
The Outlook: Scattered Showers . H. Tennekes,
- 1986, 19 pp

RIS(j>-K—261 5
ECCES a model for calculation of environmen-
tal consequence from energy systems predic-
ting ion concentrations and acidification
effects in terrestrial ecosystems - 1986, 48pp,
K. Brokers et al-

KERNFORSCHUNGSZEKTRUM KARLSRUHE
KfK 4093
Humerische Simulation von Mehrphasen-Mehrkom-
ponenten-Stroemungen nach Brennstabversagen
in einem natriumgefuellten Kuehlkanal - St.
Misu

KfK 4109 .
Zusanmerihang zwischen strukturellen und mag-
netischen Eigenschaften-am Beispiel von
sauerstoffhaltigen Verbindungen der Actinide
- M. Bickel • ' - .

- KfK 4128
Messung des magnetischeri Moments des Anti-
protons und elne Bestimmung des LS-Terms der
Antiproton-Kern-Yi'echselwirkung - A. Kreissl

KfK 4140
Der Reaktorunfall von Tschernobyl, Die Strahlen-
exposition im Raum Karlsruhe - H. Schuettelkopf,
A. Wicke

KfK 4115 • ' *
Der Reaktorunfall von Tschernobyl - L.A.Koenig,
H. Schuettelkopf, S. Erat

KfK 4.148 . •
Parametric Thermohydraulic Calculations for
Advanced Pressurized Water Reactors with the

.Code HADA-2 - M. Cigarini,vM. Dalle Donne

• KfK 4158 '
Investigation of nuclear projectile break-up
reactions. A laboratory approach of nuclear
astrophysics - H, Rebel

KfK 4164
Comparative calculations and validation studies w
with atmospheric dispersion models - J. Paesler-
Sauer

KfK 4168
Polarization of solid deuterium-tritium fuel
for nuclear, fusion - W, Keeringa

KfK 4000
Projekt Nukleare Sicherheit, Jahresberichr
1985

KfK 4130
' Untersuchungen zur Diagnostik von Intensiven.

Gepulsten Protonenstrahlen mit Hilfe der
11-B(p,<x)2 a-Reaktion - A. Klumpp, H. Bluhm

ATOMIC ENERGY OF CANADA. LTD.
AECL-8708 . •
Lithium isotope separa t ion : A review of pos s i -
b le techniques - E.A. Symons

AECL-0433
Adsorption of urariyl species from bicarbonate •
solution onto hematite particles - C,H, Ho,
N.H. Miller '

AECL-9120 6 o

Transport of Co between water and sediments

VI

AECL-8680
fixation and repair by anisotonic treatment of
radiation damage leading to oncogenic trans-
formation - G.P. Raaphorst, E.I. A'zzan

AECL-8694 -
Gamma irradiation of three swallow embryos and
subsequent growth and survival - R. Zach, K. R,
Mayon "

AECL-87T3
Behavior of short-lived fission products under
.fuel accident conditions: Chalk river studies
6th annual conference of the Canadian Nuclear
Society Ottawa, Canada - I.J, Hastings et al

AECL-9143 •
Radioiodine 6henistry in reactor accident con-
ditions international symposium on source term
evaluation for accident conditions Columbus, Oh,
USA - P. Garisto et al

AECL-9053 ' - •
Vault sealing research and development for the
Canadian nuclear fuel waste management program
- R.S. Lopez, L.H. Johnson

UNITED KINGDOM ATOMIC ENERGY AUTHORITY
AERE-R 11271
A review of ultrasonic techniques and appli-
cations with particular reference to" low fre-
quency systems and their use in the food pro-
cessing industry - J.D. IfcCann, 1986, 65pp

AERE-R 12002 ' .
Calibration techniques for a single particle
counting instrument using diffraction - D.J.
Hemsley; M.I. Yeoman, 1986, 28pp '

AERE-R 12009
_An 'assessment of the assay of the actinide
content of 500 litre drums of intermediate
level waste using photofisaion - D.J.S,Findlay,
1986, 29pp • • ,

AERE-R 11965
Floor modelling in three dimensional fracture
networks - P.C. Robinson, 1986, 26pp

AERE-R 12069
The production of photochemical pollution in
southern England and the effects of vehicleexhaust
exhaust emission control strategies - A.M. Hough,
1986, 157 pp

AERE-R 12080 .
Investigation of turbulent flow in a ribbed wall
flow,channel using two component laser Doppler
' ahemometry - S. Martin; L.E. Drain, 1986, 24pp

AERE-R, 12117
Feasibility study on preamorphisation with .Ge
ions followed by RTA for junction depth control
in silicon - T.A. Woods et a l , 1986, 21pp
Veranstaltungslcalender — Tagungen — Lehrgange /

Calendar — Meetings — Courses
INELTEC 87-:
13. Internationale Pachmesse fuer Elektronik
und Elektrotechnik, Ineltec 87, die vom 8.
bis 12. September 1987 in den Kallen der
Schweizer Mustermesse stat tf indet. Folgende
Pachgruppierungen sind vorgesehen: Energie-
erzeugung-Energieverteilung, Installations- >
technik-Energieanwendung-Nachrichtentechnik-
Steuerung, Regelung, Automatisierung-Bauelenente-
Mess- und Prueftechnik- Leistungselektronik-
Schulung, Dokumentation-Dienstleistungsbetriebe.'
Auskuenfte: Sekretariat Ineltec 87, Postfach, K-
4021 Basel.
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Ausgewahlte Beitrage /
Recently published papers
WISSEHSCHAFT UND FORTSCHRTTT 36(1986)8
Laser an freien Elektronen - -A, Bandilla

Aschegehalt vofl Braunkohlen - radiometrisch
besti-mmt - J. Leonhardt; H.-W. Thuemnel

Teilchentheorien- im Examen (30 Jahre VIK Dubna)
- S. Tesch -

Weue Aspekte der chemischen Kanzerogenese - J.
Denner; T.-Schramm

WISSENSCHAFT UND TORTSCHRTTT 36(1986)9
Ractselhafte Neutrinos - S. Tesch

WISSEUSCHAPT UUP FORTSCHRITT 36(1986)10
Ueuartige chenische Kettenreaktionen - L.Eggert

WISSENSCHAFT UIID FORTSCHRITT 36(1986)12-
Magnetresonanztomographie - 0. Kerner

Die symbiotische 112-Bindung; vor, 100 Jahren von
Hermann Hellriegel entdeckt - W, Fritsche

WISSBUSCHAFT UliD UI.IW5LT (1986)2
Blut-Cd bei letter und Kind - C. Krause et al

Die Wirkung von 1102 auf das Lungengewebe von
Ratten - J. Heinz et al

Physik alisch-chemische Reaktionsbedingungen
in hydrogeochemischen Raeumen II - G.Butenut

RADIOI5OTOPY 27(1986)1
Activities of the Institute for Research, .
Produktion and Application of Radioisotopes

•in the field of radionuclide'and ionizing
radiation applications - B. Fridrich

Solute movement observation on the field soils
by means of radioactive tracers - L. Lichner

Research programme of the Nuclear Research
Institute, Rez, in the field of radiation
chemistry - B,-Bartonicek; J. Teply

Production of brachatherapeutic Cs-137~sources
in the Institute for Research, Production and
application of radioisotopes - K, Stopek et al

The determination of the specific activity of
the natural radionuclides in the building
materials - A. Kominek et ,al

Roller bearing wsar determined by the radio-
isotope method - V, Bejcek

RADIOISOTOPY 27(1985U (in Czech)
Systems of the personal dosimetric control
in Czechoslovakai -•J. Trousil et al

Dosimetric properties of the UVWR neutron
personal dose meter in real radiation fields
- Z, Prouza et al

Use of the thermoluminescent do3e meter for
the determination of the effective dose equi-
valent - J. Trousil~et al • -

Preparation of sugars uniformly labelled with
radioisotope C-14 Part V. : preparation of
D-[14-U] gluconic acid - L, Skala

Radioactive materials - designation, characte-
ristics and transport safety - J._ -Vyskocil

J.RADIOANAL. NUCL. CHEM. LETT. ip5(1986U
Activities induced in the human body by
thermal neutrons - II. Rakovic et al

Neutron activation-analysis of manganese and
nickel in commercial steel samples - S,P.
Patil et al

Isotopenpraxis 21 (1987) 3

Reconstruction of an infinite radiation field
by the parameter estimation method - I. Petr

Absolute liquid scintillation counting of cor
loured samples of /5-emitters using integral
counting techniques - Y, Homma et al

J. RADIOAMAL. NUCL. CHEM, LETT. 105(1986)5
The 99m-Tc--nitrido complex of tropolone: a
highly lipophilic blood labelling agent -
J, Baklas; J. Bonnyman

Radiochemical neutron activation analysis of
individual rare earth elements in monazites
from different geological environments - P.
Parthasarathy et al

Pulse radiolysis of pentacyanonitrosylferrate
(II) ions in aqueous solutions - E, Hankiewicz
et al

Substoichiometric determination of Hg by radio-
chemical neutron activation analysis - S, Sub-
ramanian; Z.R. Turel

J. RADIOAUAX. UUCL. CHEM. LETT. 105(1986)6
Radioactive iodine-131 over Taiwan after the
Chernobyl accident - C. Chung, J.G. Lo

Comparison of separation efficiency of spheroid
cation exchangers for lanthanides and trans-
plutonium elements - LI, Vobecky

F, analysis of rare earths in geolo-
gical samples - G. Lagarde; J. Larcher

Determination of ko-factors by thermal neutron
activation technique - P.Z. Hien et al

Purification of Rose Bengal used in radiopharma-
ceuticals by thin-layer chromatography - A.H.
Samar et al

PRESENIUS Z. AKALYT. CHEM. 323(1986)8
Application of radionuclides sources for exci-
tation in energy-dispersive X--ray fluorescence
analysis - P. Hoffmann

Synchrotron radiation excited X-ray fluorescen-
ce analysis using a graphite monochromator -
W. Petersen

Multielement trace preconcentration from high-
purity uranium using cellulose collectors as
sample pretreatment for atomic spectroscopy
(flame-AAS, ICP-OES) -.P. Burba; P.G. Willmer

The autoradiolytic decomposition of Pu(IV)-
oxalate - B. Kanellakopulos et al

A direct determination of Pu-239 in femtomole
range in aquatic solution by neutron activa-
tion- J.I. Kim et al

Neutron activation analysis of aluriiniuin with "
radiochemical separation on Na-24 - K.P, Egger;
V. Krivan

Determination of the chromium content of labo-
ratory rabbit skeletal muscles by neutron
•activation analysis - P. Lux et al

Past preparation and gas-chromatographic sepa-
ration of lanthanide and actinide hexafluoro
acetylacetonates - N, Greulich et al

FRESENIUS Z. ANALYT. CHEIJ. 324(1986)2
Germanium - 100 years Development of analysis
- G. Eenze •

Investigation of sulfur isotope fractionation
between H2S gas and aqueous solutions - R.
-Gessler; K.v. Gehlen

JADERMA EIJERGIK 32(1986)10
A comparison of single channel model with sub-
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channel description at a fast transient - I.Tinka
et al •''•

Dosimetry of relativistic charged particle
beams with 3olid state detectors. III. Helium
and carbon nuclei - F. Spurny et al

Comparsion of some analytical functions for
fitting peaks in ̂ -ray spectra measured by semi-
conductor detecto'rs - M, Virius

IASA-BULLETIN 28(1986)3
Nuclear plant safety: Response to Chernobyl
The Soviet Union and the development of nucle-
ar power - A. Petrosyants '

The post-Chernobyl outlook.for nuclear power
-.H. Blix ' ' -

Hew directions in nuclear.safety - M, Rosen

Information exchange and mutual emergency
assistance - H.E, Collins et al

Information exchange after Chernobyl - A.Salo •

Report from Seibersdorf: Post-accident radiolo-
gical measurements - R, Schelenz; A.A. Abdel-
Rassoul

Radiation levels: WHO reports on Chernobyl

National reports

Swedens Monitoring the fallout - I.I. Jensen;
John-Christer Lindhe

Poland: The first four we ks - Z.Jaworowski

The PRG: Steps for safety - II. V. Babaschik;
K.-K. Berg

The UK: Chernobyl - the aftermath - The Lord
Marshall of Goring

The USA: Lessons of Chernobyl - C, V/alske

Special reports: Nuclear, power development

Worldwide nuclear power status and trends
- L.L. Bennett; R. Skjoeldebrahd
PRIS: A multi-purpose information tool - D.Vftiite

Manpower development: Moving to me t challen-
ges - B.J. Csik

ATOKKAJA ENERGIJA 61(1986)5 (all'in Russian)
Determination of U-235 content in water-coolant
of a nuclear reactô r primary circuit,- A.A.
Dyakcv et al

The use cf GaAs and GaP films with anomalous
photoelectric voltage for detection of X-radi-
ation - N. Abdullayev

Regulation of thermal-neutron pulses during
heterogeneous poisoning of the moderator -
N.I". Alekseyev

Limiting influence factors for thermal"neutrons
- N.I, Alekseyev

On the moderator reflector of a thermal neu-
tron pulse source - N, V. Kolmychkov

Determination of gadolinium in zirconium using
activation analysis - V. S-. Rudenko; A.B. Medve-
dev

Change of the physico-mechanical properties of
graphite when irradiated in a ditolylmethane
medium - A.I, Gavrilin "et al

Governors of coolant flow during rupture of a
pipeline - D.A. Khlestkin et al

The fabrication of nuclear microfilters at

VIII ' -

electron accelerators - Vo Dak Bang; Phan
Tkhu Xyong

On the question of simplest homogenization -
V. E, Rayevskaya

Research reactor optimization in the exploi-
tation period - Yu.P. Malers

On fire safety in the bituminization of APS
liquid radioactive wastes and burial of bitumi-
nous compound - K. P. Zakharova et al

Calculation and optimization of cascades for
separation of. multicomponent mixtures - V. V.
Prolov et al

Investigation of the process of Es-254 accumu-
lation for neutron irradiation of Cf - V.A,•
Adayev ' •

ATOMNAJA ENERGIJA 61(1986)6 (all in Russian)
Forcasting the lifetime capacity of the mecha- .
nism elements of- nuclear reactor shielding
control systems - V, V. Vbskoboinikov et al

Development of an optimal regulator of neutron
field - P.T. Potapenko

Calculation of shift and diffusion coefficients
of llarkov diffusion-process for predicting
equipment longevity of nuclear power plants -
V.S. Emelyanov et al . -

Measurements and evaluation od neutron data
for nuclear power and other applications -
B.D. Kuzminov et al

Density and surface tension of fluorides of
sodium, beryllium, thorium and uranium - A.A.
KLimenkov et al

Determination of. element contens in some wild
herbs of Uzbekistan using a radioactivation
method - S. Mukhanur.edov

Development and optimization of a separation
cascade for the gasodynamic method of separa-
tion - A.V. Bulgakov

ATOMJAJA ENERGIJA 62(1987)1 fall in Russian)
Investigation of the application of radiation-
computer tomographyin in monitoring the quality
of vlbro-packed fuel elements - L.I. Kosarev
e t a l •• •

Determination of activation energy for desorp-
tion from stainless steel of ion-implanted
deuterium - A.A. Fisarev et al

Optimization of multielement Gamma-activation
analysis - I.I. G. Davydov et al

Remote sampling of radioactive aerosols at
atonic power stations - E.P. Uednikov; V.P. . '
Grigoryev

Registration of ionizing radiation doses by
means of two immiscible dielectric liquids in an
electric field - A.P. Suslov et al

Accounting for geometric factors and secondary
interaction effects of fast neutrons with matter
in elemental analysis - G.T.Aliycv et al

Energy spectra of neutrons emitted from the
surface of a cylindrical lead target irradiated
with 1-GeV protons - S.V. Bakhniutkin et al

The scattered component of flux in gamma-irra-
diated heterogeneous media - A.I. Kirdin; V,T.
La7,urik
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Welzcl/IIuberlandt: Calculating Distribution Coefficients of Chemical Elements

of which are rather well known, e.g. tho Hawaiian volcanites
and the rocks of the Skacrgaard intrusion, East Greenland.
In these cases equation (1) can bo used for determining
distribution coefficients 1),-.

MacDonald [17] has estimated the amounts of original
olivine basalt liquid which must have crystallized to yield
the Hawaiian andesine andesite, oligoclase undesito and soda
trachyte, as G4, 70 and 86%, respectively. Using these data,
MacDonald's major constituent concentrations [17] and
trace element concentrations given by Wager and Mitchell
[33], we have estimated the distribution coefficients -Dcxp

between basalts, andesino andesite, oligoclase and andesite
on one hand and tho magmas they have crystallized from
the other hand.

Tab. 2 gives the arithmetic mean values DCKp for the
single chemical elements in the first column. Further Al
= II — Is for the solid/liquid systems have been calculated
by means of equation (3) as a basis for evaluating Z>caic
using the k and S values in Tab. 1. The corresponding mean
values Dca\Q are given in the second column of Tab. 2.
Apart from Sr, Ni and Jin there is a rather good, in the
case of Mg, Fe, K, Ba, La, Co and Ca even remarkably
good agreement between distribution evaluated on the two
independent ways and on the basis of completely different
experimental data. This endorses the chemical composition
of the Hawaiian volcanic rock series to bo ruled by frac-
tional crystallization, but also tho validity of equation (2)
together with the described model for calculating the k
and S values given in Tab. 1.

Element concentration correlations would not reveal
insights beyond tho results given in Tab. 2 with respect to

Tab. 2. Distribution coefficients for Hawaiian volcanic rocks and
tbeir parent magmas calculated from equation (1)
(£>exp) in comparison with those calculated on the basis
of equation (2) (/>calc)

element

Li
Na
K
Hh
MR
Ca
Sr
l i a
Ti
Mn
Fc
Co
Xi
Y
lM

J>exp

0 1 8 2
O-G7G
0110
0-229
2-25
2 0 2
1-75
0-678
1-91
1-08
1-52
2-37
1-2.3
0509
0-662

Male

0-GG1
0-887
0-372
0121
1-98
1-82
1-11
0-G02
117
1-12
1-53
1-91
1-91
0-8GG
0-312

Tab. 3. Intersection with the ordinate q of ife'Ci — Ig c2 correlation lines
as determined by linear regression of element concentrations
c, and d (index "exp") in the ten volcanic rocks of the Hawaiian
suite in comparison with those calculated from distribution
coefficients as derived from equation (2) and Tab . 1 (index
"calc") . A / has been calculated by equation (3) to be 0-013.
All concentrations of Xa, K, J ig , Ca, Fe , Mn and Ti in this paper
are given in weight % of their oxides (Fe as FeO), all other

concentrations in ppm. I For calculating r/calc by equation (7)
\ j) 1 v

i«exp has been used instead of— . I
Dt — 1 /

element pair
1-2

Mg-Ca
Ca-Ti
X a - K

c

7
7
3

•91
•13
•3G

c,

7-
o.

1-

13
18
30

"'oxp

1-28
0-921

- 0 1 3 3

5ex|

- 0
+ 0-
+ 0-

>

301
505
199

r

+ 0-
+ 0-
- 0 -

85
92
90

(ftalc

-0-259
+ 0-G37
+ 0150

distribution coefficients. On the other hand tho initial
concentrations C" can be calculated as weighted arithmetic
mean values Oj and used for estimating q in equation (o).
Tab. 3 shows the results obtained for three Ig cx — Ig c2

correlations with a correlation coefficient \r\ 52 0-70 and
reveals a good agreement between qCXp mid 7ca]c as further
evidence of the validity of the existing assumptions about
the genesis of tho Hawaiian volcanic suite.

2.2. Magmatic bodies icith unknown quantitative
proportions of crystallization products

A number of further magmatic bodies has been investigated
in terms of element concentration correlations according
to equations (5), (13), (14) and (10), where informations
about the quantitative proportions of solidification pro-
duets and other genetic characteristics are lacking. As far
as granitic rocks are concerned, experimental data of
Eidam and Seim [18] on the granites of the ltamberg massif
in the Harz mountains, G.D.It., of Sc'nn and Eidam [18]
on the granites of the ]5rocken massif in the Harz moun-
tains, of Tischendorj et al. [19] on the intrusive granites of
the Western Ore mountains, G.D.It., of Johanning [20]
on the Btirhaldc granite in the Southern Sehwarzwald,
F.lt.G., of ltichtcr and Stettner [21] on the granites of the
Fichtelgobirge, F.lt.G. and of Madcl [22] on the Leuchten-
burg granite of the Oberpfalz, F.lt.G., were used. All corre-
lation with \r\ 3: 0-70 that we have found within the frame-
work of these investigations are listed in Tab. 4.

For lack of better knowledge about the initial concen-
trations C\ and Cl the simple arithmetic mean values are
applied for calculating qCA\,. by equation (7).

Tab. 4 reveals a rather good agreement between JHCXP

and »»ca]c on one hand and between qeXp and <7caic on the other
hand with the exception of the granites of the Western Ore
Mountains. This indicates that the gradation of the con-
centrations of the investigated elements in these rocks is
not mainly ruled by fractional crystallization. This is in
agreement with the hypothesis of Gcrstcnbergcr et al. [23]
that tho differences in the chemical compositions of the
younger and the older granites of the Western Ore Moun-
tains tiro due to a different degree of assimilation of adjacent
rocks. The large discrepancy between Ji'cxp and >»Laic in the
case of Be-Ca in the granites of Brocken massif is probably
due to tho high fraction of the S • AJ-term in the sum
k + S- M (k = 0-321, S= -11-4) which gives rise to
large changes of the distribution coefficient even at small
variations in the chemical composition of the magma.

As far as basaltic and intermediary rocks are concerned
geochemical data of Taylor et al. [24] in low Si of andesites
of Mt. Bagana and on andesites of the closeby Billy Mit-
chell volcano, Central Bougainville, New Guinea, of liea
[25] in andesitic and basaltic rooks of Montserrat, Lesser
Antilles, of Baker [20] in intermediary and basaltic vol-
canic rocks of Saint Helena Island, South Atlantic, of
Nockolds and Allen [27] in lo British Tertiary tholeiitic
rocks and of MucDonald [17] on the principal rock types of
the Hawaiian petrographic province were used. All corre-
lations with \r\ 3: 0-70 in these rocks are listed in Tab. 5
which reveals a good agreement between »iCxp wnd mCalc'
This is evidence of fractional crystallization without con-
siderable wallrock assimilation as the process ruling con-
centrations patterns in these rocks on one hand and of the
validity of equation (5) for calculating whole rock distri-
bution coefficients for basaltic and intermediary rocks and
their parental magmas.
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Wctzd/IIabcrlamlt: Culciilating Distribution Coefficients of Chemical Elements

Tab. 4. Comparison of mexp and Cexp as derived from element concentration correlations according to equations (5) or (1G) with wicalc and
(Zcalc as calculated using equation (2), the k aud S values of Tab. 1, the AI values given in the first column aud the simple arithmetic
mean values c, aud cz of » samples given in the third aud the fourth column for a number of granites. Other symbols are the same
as in Tab. 3.

rock or lock series

granites of the Ramberg
massif
(n = 52; AI = 0)

granites of the Brocken
massif
(» = 12; AI = 0)

granites of Barhalde
(» = 89; AI = 0)

granites of the Western
Ore Mountains
(n = 89; AI = 0)

granites of the Ficlitcl-
gebirge
(n > 100; AI = 0)

Leuchtenberg granites of
Oberpfalz
(M - 45; AI = 0)

1 - 2

Mg-Ca

Ca-Ti
K-Ca
Ca-Fe
13o-Ca

K-Ca

Mg-Ca
Ti -Mn
Mg-Ti
Ti-Fe
Ca-Ti
Mn-Fe
Mg-Mn
Mn-Ca

Cs-Ba
Ba-Rb
K/Rb-Ca/Sr

Rb-Ca
Sr-Ca
Rb-Sr

0145

0-57
4-30
0-57
4-2

5 0 1

0-299
0183
0-299
0183
0-632
0-02G
0-299
0-02G

27
402
- • )

242
173
242

<!

0-471

0 1 3
0-57
1-39
0-37

0-322

0-G32
0-026
0183
1-165
0-1S3
1-1C5
002G
0G52

402
394
- • )

1-2G
1-2G
173

mexp

1-14

2 1 1
- 0 0 5 3 4

2-95
-0-97G

-0-727

1-43
1-59
0-933
1-32
0-G17
0-578
1G2
0-517

-0-390
- 3 1 2
-0-590

-0-3G7
1-30

-0-234

2cxp

-0-514

1-52
0-629

-0-700
0-G09

0-323

-0-291
1-74
0149

-0-8G1
0-278

- 1 0 2
1-9S

-1-48

2-20
10-3

3-2G

- 1 1 9
-7-95

2-8G

r

0-79

0-82
-0-82

0-70
0-97

-0-80

0-98
0-74
0-93
0-82
0-89
0-77
0-73
0-7G

-0 -83
-0 -91
-0-8G

-0-79
0-80

-0-84

J«calc

1 0 4

G-07
-0G1O

2-3G
1-58

-0-G10

1 0 4
1-14
G-30
0-393
5-09
0-345
7-18
0154

+ 0-1G7
-0-397
+ 0-3G8

-0-508
1-270

-0-GOO

Scale

-0-491

1-G3
0-394

-O-7G7
0-929

0-270

-0-351
1-7G
0-335

-0-924
0-45S

- 1 G 4
2-21

— 1-55

2-48
10-2

- • )

-1 -25
-8 -03

2-77

•) C| aud Scale cannot be calculated, because only quotients of concentrations arc specified. (Sources of experimental data see tes t . )

Tab. 3. Comparison of mexp as derived from clement concentration correlations according in equation (5) with Mcalc as calculated using
equation (2), the k and S values of Tab. 1 and tho AI values given in the first column for a number of basaltic and intermediary
rocks. (Sources experimental data see text.)

andesites of Mt. Bagaua
and Billy Mitchell,
Central Bougainville,
Xew Guinea
(AI = 0-063)

andesitic and basaltic
rocks of Moutserrat,
Lesser Antilles
(AI = 00324)

intermediary and
basaltic rocks of
Saint Helena Island,
South Atlantic
(AI = 0-065)

1 - 2

Mg-Ca
K-Ca
K-I tb
Mu-Fo
Mu-Cu
Rb-Ca

Mg-Ca
Mg-Fe
Ti-Fe
Ca-Fc
K-Ca
Rb-Ba
Rb-Cu

Rb-Co
Rb-V
Rb-Li
Ba-Cu
13a-V
Ba-Li
Sr-Cu
Sr-Co
Cu —Co
Cu-V
Cu-Li

L.O — \
Co-Li
A'-Li

Mg-Ca
Xa-K
Ti-Fe
Ca-Ti
K-Rb
Mg-Fc

T

0-75
- 0 - 9 1

0-91
0-75
0-7G

- 0 - 9 2

0-84
0-8S
0-83
0-81

- 0 - 7 9
0-78

- 0 - 8 9

- 0 - 7 0
- 0 - 8 7

0-95
- 0 - 7 5
- 0 - 8 5

0-95
0-70
0-73
0-77
0-85

- 0 - S 9

V' i I

- 0 - 8 1
- 0 - 9 2

0-97
0-97
0-97
0-OG
0-92
0-92

mexp

1-28
- 0 - 5 2 9

0-317
0-427
0-201

- 1 - 0 8

1-G3
1-GS
1-5S
0-775

- 1 - 2 3
1-13

- 1 0 3

- 0 - 8 8 5
- 0 - 9 2 3

1-92
- 0 - 5 7 1
-0-G22

1-32
0-1G4
0 1 5 4
0-G51
0-822

—1*55

0*827
- 1 - 2 7
- 1 - 6 3

1-99
0-6G3
3-23
1-75
0-G13
3-52

Mcalc

1-21
-0-79G

1-10
0-815
0-557

- 0 - 7 1 9

1-20
1-83
0-911
1-52

- 0 - 7 0 8
1-38

- 0 - 7 4 8

- 0 0 3 9
-0-9S3

1-G9
-0-541
-0-711

1-22
0134
0118
0-880
1-31

— 2-2G

1-49
- 2 - 5 7
- 1 - 7 2

1-20
0-20G
0-911
1-07
1-10
1-83

1 - 2

Ca-Fe
X a — Fo
K-Fe
lib -3ig
Rb-Ca
Xa-Rb
Mg-Ti
Ti Rb
Xa-Ti
Rb-Fe
K-Ti
Mg-K
K-Ca
Mg-Xa
Ca -Xa

British tertiary Mg—Ca
tholeiitic rocks K—Fo
(AI = 0091) Ca-Ti

Mg-Fe
Mg-K
Ca-Fe
Ti -Fc
K-Ca
Ca-Xa
Xa-K

rocks of the Ilawaiian Xa—K
petrographio province Mg — Ca
(A7 = 0091) Ca-Ti

Mg-Fc
Mg-K
Ca-Fo
Ti-Fc
Mg-Xa
Mg-Ti

r

0-91
- 0 - 7 2
- 0 - 8 1
- 0 - 9 8
-0-9G

0-93
0-95

— 0-97
- 0 - 7 8
- 0 - 9 2
- 0 - 8 5
- 0 - 9 2
- 0 - 9 3
- 0 - 8 7
- 0 - 8 8

0-83
-0-7G

0-78
0-79

-0-7G
0-91
0-87

- 0 - 9 0
- 0 - 7 3

0-70

0 9 0
0 8 9
0-92
0-92

- 0 - 8 0
0-98
0-92

- 0 - 7 4
0-74

»'exp

1-75
-0-G93
— 1-14
- 0 - 4 4 8
- 0 - 9 5 2

0-3G7
1-08

- 2 0 7
-0-221
-1-G6
-0-353
-2-50
-1-23
-3-47
-1-71

0-930
-1-19

1-11
1-45

-0-909
1-54
1 0 2

-0-827
— 202

0-229

0-577
1-36
1 1 2
2-65

-1-10
1-84
1-42

-1-57
1-38

»«ca)c

1-52
-0-250
— 1-21
- 0 - 5 9 9
- 0 - 7 1 9

0-228
2 0 2

— 0-82G
- 0 - 2 7 6
- 1 - 1 0
- 2 - 1 8
- 1 - 5 3
- 0 - 7 9 8
- 1 - 3 3
- 6 0 7

1-27
- 1 1 0

1-30
1-71
0-534
1-35
1-01

-0-817
-3 -41

0-358

0-518
1-27
0-501
1-71

— 1-55
1-35
1-04

-4-32
1-04
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Welzcl/IIabcrlandl: Calculating Distribution Coefficients of Clieinieal Elements

15. Application to global Clarke values
of different types of igneous rocks

3.1. Granitic rocks

The global Clarke values of Na, K, Mg, Cu, Fe, Ti and Mn
in 10 different granitic rocks (alkali granite, alkali rhyolite,
granite, rhyolite, quartz monzonite, quartz latite, gruno-
diorite, rhyodazite, quartz diorite and daeite) as specified
in Wedepohl's Handbook of Geochemistry [2S] nre used to
reveal Ig ct — lg c2 correlation with correlation coefficients
|r| ^ 0-70. Among i (7 • 7 — 7) = 17 such element pairs
there arc only 7 with |r| < 0-70: Na —Ti, Ca —Na, K —Ti,
Na —K, Na —Fe, Na-Mn and Mg —Na. All the other
pairs are specified in Tab. 0. Beside mean concentrations
<?! and G, initial concentrations C\ and C?, are given, as
derived from the model described above [29]. Intersections
with the ordinate calculated from Ct are denoted with
foaic. those derived from G\ with 2Calc:

fclc = 'g "cxp lg A <

Dl — l

D., - 1

As for the other symbols see Tab. 3. The distribution coeffi-
cients are calculated by equation (2) using AJ = 00097
which is the weighted mean of 19-G% granites and quartz
monzonites (2:1), 15-G% granodioritc and 3-8% quartz
diorite, the fractions of these granitic rocks in the conti-
nental crust [29]: A7 granotoids

i

[19-GA/granites + 15GA/j,r.,no,liorit(.5
19G + 15-6 + 3-8

1

19-0 + 15-G + 3-8

X 00215] = 00097.

[19-G • 0 + 15-G- 0019 + 3-8

As Tab. G shows, there- is commonly good agreement
between wexp and «raic on one hand and between qCKp

and i7caic on the other hand except in the case of Ca —Ti,
Ti —Fc, K —Mil, Mg —Mn and Mg —Ti. The reason becomes
clear, if we face the concerning chemical elements. All
pairs with \r\ < 0-70 or with large discrepancies between
'"exp aIRl "'i-alc a r e pairs with either Na, Ti or Mn or with
two of them. As equation (2) shows, just these elements
show distribution coefficients onl5' slightly deviating from
unity in granitic rocks (Z)_\[n = 1-15, D?\ = 1-IG and
Dsa = 1-20), thus being distinguished by only a small
gradation of their concentrations in the single granitic
rock types. (Therefore these elements have not been in-
cluded into our recommendations for the use of element
concentration correlations for investigating fractional
crystallization of granitic magmas.)

In order to include these elements into the evaluation
of fractional crystallization in the genesis of granitic rocks
some lg Cj/Co — lg c3/c, correlations have been investigated.
Tab. 7 shows a rather good agreement between )»Cxp al l (l
qcxv on ono hand and )»caic calculated ono the basis of equa-
tions (2) and (IG).

Tims we can conclude that the global concentrations of
such elements like K, Fe, Ca and Mg, but which some re-
striction also Na, Ti and Mn in granitic rocks, are mainly
ruled by fractional crystallization.

3.2. Intermediary rocks

The global Clarke values of Na, K, Mg, Ca, Fe, Ti and Mn
in 10 different intermediary rocks (alkali syenite, alkali
trachyte, syenite, trachyte, monzonite, latite, monzodio-
rite, latito andesite, diorite, andesito), as specified in Wede-
poJd's Handbook of Geochemistry [28] are used to reveal
lg cj — lg c, correlations with correlation coefficients
|r| :>0-70. The results are summarized in Tab. 8. Beside
mean concentrations Cx and C* initial concentrations Oj
and C?, are given in terms of the above described model

Tab. G. Comparison of wiexp and qexp as derived from global Clarke values of granitic rocks with )»«ilc ami tfcnlc calculated by equations
(C) and (7)

JU.-.V, <7exp tfealc «'cxp »»calc

Ti-Mn
Ca-Fe
Mn-Fe
Ca-Ti
Mg-Ca
Ti-Fe
JlB-K
K-Ca
K-Fc
MB-FU
K-Mn
Mg-Mn
Mn-Ca
Mn-Ti

0-443
•J-oSl
0-064
2 581
1003
0-443
1-003
3-87
3-87
1-003
3-87
1003
0064
1003

0-0G4
3-237
3-237
0-443
2-581
3-237
3-87
2-581
3-237
3-237
0064
0-004
2-581
0-443

0-506
2-73
0-0G6
2-73
1158
0-506
1158
3-965
3-905
1-158
3-9G5
1-158
0-OGG
1-158

0-OGG
3-35
3-35
0-50G
2-73
3-35
3-905
2-73
3-35
3-35
0006
0-OGG
2-73
0-50G

1 0 4 5
— 0-GG7
- 1 - 5 S

0-878
- 0 - 5 3 5
- 1 - 0 1

0-G25
0-710
1 1 1

- 1 - 3 0
- 0 - 9 7 0

2-53
- 1 - 3 3

0-577

1 0 6 3
-0-G29
- 1 - 6 0

1-05
- 0 - 5 6 2
- 1 1 0

0-G97
0-G60
1 1 0

- 1 - 3 1
- 1 - 0 S

2-72
- 1 - 3 5

0-7GU

1 0 3 9
- 0 - 7 3 7
- 1 - 4 1

1-07
- 0 - 4 0 2
- 0 - 5 5 4

0-830
0-764
1-27

- 1 - 1 8
- 3 - 2 7

G-17
- 1 - 2 6

1-37

1 1 9
2 0 1
0-729
1-42
1-25
1-29

- 1 - 4 3
- 0 - 5 4 9
- 1 - 2 0

2-44
- 1 - 2 3

2 1 8
0-338
1-82

1 1 3
217
0-442
4-35
1-0G
0-500

- 1 - 6 2
- 0 - 6 5 4
- 1 - 4 2

2-30
- 3 - 2 7

5-21
0-203
4-G1

0-77
0-90
0-87
(1-90
0-98
0-93

- 0 - 7 5
- 0 - 8 1
- 0 - 8 5

0-91
0-S1
0-75
0-77
0-97

T a b . 7. Some lg d/cs — lg Cj/c, correlat ions including global Clarke va lues of Mn, Ti a n d Na in gran i t ic rocks

2cxp «calc i»exp «'calc

Mn/K-Xa/Mg 0001 3-87 3-6G 1003 -1-31
Ti/Ca-Xa/K
Ti/K-Fc/K
Xa/Mg-Fe/K
Mn/Ca-Fc/K
Mn/Mg-Ti/K

0-443 2-581 3-GG 3-87
0-443 3S7 3-237 3-87
3-66 1003 3-237 3-87
0-0G4 2-581 3-237 3-87
0-061 1-003 0-443 3-87

-1-31
-0-700
-0-872

0-652
— 1-55
-1-G9

- 1 0 2
-0-787
-0-943

0-678
-1-63
-1-78

-0-626
-0-447

107
-0-890
-0-470
-0-GG9

- 1 1 4
-0-849

0-748
-0-045
-0-833
- M G

-0-74
-0-8G

0-97
-o-so
-0-73
-0-83
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Wetzel/Haberlamlt: Calculating Distribution Coefficients of Chemical Elements

Tab. 8. Comparison of wtcxp and <?exp as derived from global Clarke values of intermediary rocks with Me.ilc and (Zcalc calculated by equa-
tions (C) and (7)

Ca-Ti
Mg-Ca
Ca-Xa
Ca-Fo
Ti-Fo
JIg-Xa
K-Ca
Xa-Fe
K - F e
JIg-Fe
Xa-Ti
K-Ti
3Ig-Ti

c,

5G4
3 1 0
5-G4
5GJ
103
3 1 0
4-23
4 1 0
4-23
3-10
4 1 0
4-23
3 1 0

1 0 3
5C4
4 1 0
G-59
G-59
4 1 0
5G1
G-59
G-59
G-59
1 0 3
1 0 3
1 0 3

«S
5-82
4-1G
5-82
5-82
0G99
41G
2-44
2-835
2-44
41G
2-83o
2-44
41G

0-G99
5-82
2-835
G-SG
G-8G
2-835
5-82
G-8G
G-8G
G-8G
0-G99
0G99
0G99

»exp

0-718
— 0-578

2 0 0
- 0 - 4 1 4
- 0 - 7 0 9

2-24
1 1 9
1-01
1-85

- 1 - 1 5
0-598
0-542
0-425

tfcalc

O-73G
— 0-624

2 1 5
-0-4G9
- 0 G 9 1

2-40
1 0 4
1 0 5
1-79

- 1 - 1 9
0-G29
0-471
0-409

0-977
-0-33G

2-74
-0-419
-0-947

3 0 2
0-72G
0-GS7
1 1 1

-0 -915
0-378

-0-062
0-004

wiexp

1-38
1-40

- 2 1 5
1-41
0-879

- 3 0 4
-0-89G
-0-512
-1-G3

1-95
-0-503
-1-GG

1-92

J»c.ilc

1-53
1-23

- 4 G 7
1-45
0-948

-5 -72
-0-807
-0 -310
-1 -17

1-78
-0-327
- 1 - 2 3

0-GG5

r

0-88
0-99

-0 -94
0-93
0-91

- 0 - 9 5
- 0 - 7 0
- 0 - 7 7
- 0 - 8 3

0-92
- 0 - 7 3
- 0 - 8 1

0-87

[29]. Tlio distribution coefficients are calculated by equa-
tion (2) using AI = 0074 like for diorites.

As Tab. 8 shows there is an excellent agreement between
theory and experiment except in the case of element
pairs with Nn. This is just the only element in the series
investigated here the distribution coefficient of which in
intermediary rocks deviates only slightly unity (D =
0-820).

Thus we can conclude that the global concentrations at
least of K, Mg, Ca, Fe and Ti in intermediary igneous rocks
is mainly ruled by fractional crystallization.

3.3. Some elements in some other types
of igneous rocks

Itadcr et al. [30] have investigated the correlation between
the concentrations of Zn and Fo in 157 basalts. The Ig cy,n
— Ig cj.-e line has been found to have a slope of »»exp = 0-582,
while »HCalc from equations (2) and (G) with AI = 0091 is
equal to O-75O. The correlation coefficient r = 0-71.

Abramovic and Khishin [31] have described a correlation
between Na and Ca in volcanic rocks of the pacific ring
comprising 544 rock samples. The correlation for a Ig eca

— lgc.va correlation is 0-C4 the slope i»exp = —0-980 in-
1-84 — 1

stead of »ic1ic = = —4-G7. The discrepancy is
0-820—1

probably again duo to Z)xa~ 1.
Gunn [32] has found K — lib and K — Ba correlations in

41 Antarctic and New Zealand tholeiites and alkali basalts
which lead us to slopes J;ICXP = 1-02 instead of M(caic = l-09for K — Kb and "exp = 0-980 instead of = 1-27 for
K —Ba. AI was supposed to be 0091.

1. Conclusions

The investigation of element concentrations in rock series
which can be assumed to be genetically connected with
each other is a good means of determining distribution
coefficients between rocks and their parent magmas. Based
on tho assumption that all the gabbros, diorites, quartz
diorites, granodioritcs and granites present in tho recent
continental crust have been formed by fractional crystalli-
zation of magmas of intermediary composition in closed
systems. The distribution coefficients of the alkaline and
the alkaline earth elements, the elements of tho first transi-
tion period and the rare earth elements can be calculated
and related to Schnetze's 18O index describing the O2-lattice
surrounding the cations in questions [29].

These distribution coefficients are in a good agreement
with those calculated from clement concentrations in the
Hawaiian volcanic rock suite.

If the quantitative proportions of tho crystallization
products are unknown, however, the investigation of ele-
ment concentration correlations is a good means of evaluat-
ing fractional crystallization. But the existence of a linear
relation between element concentration or their logarithms,
even if distinguished by a high correlation coefficient, is
only a necessary, but by far not a sufficient condition for
fractional crystallization as the dominating factor of gra-
duating element concentrations. In particular the existence
and the particular form of such correlations do not give
evidence of tho special mechanism of fractional crystalli-
zation.

On the other hand comparison of the slope of the Ig c1

— Ig c, correlation lino with the slope calculated on the
basis of the distribution coefficients evaluated by using
ScJtuetze's 18O index whether fractional crystallization is
dominant in graduating element concentrations in igneous
rock suites. Tho intersection of this straight line with tho
ordinato on tho other hand contains informations about tho
initial chemical composition of the magma the rock suite
stems from.

The application of these criteria gives evidence that tho
concentrations of Na, K, Mg, Ca, Fe, Ti and Mn in tho
majority of intermediary and granitic rooks is ruled by
fractional crystallization. (Only in the case of Jin, Ti and
Nu in granitic rocks and in the case of Na in intermediary
rocks this gradation is often concealed by other than magma-
tic processes.)

Tho slopes of the correlation lines found for single magma-
tic bodies as well as for global Clarke values of igneous
rocks of different types generally show a good agreement
with the slopes calculated from distribution coefficients
evaluated on the basis of Schuetze's 18O indices. Thus this
method for evaluating distribution coefficients has found
a convinsing verification by these investigations.

Tho authors are indebted to Dr. Schuelze for valuable
discussions.

Ileceived July 7, I98G
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Decontamination of a Radioactive Process Waste Water
by Adsorbing Colloid Flotation

K. Shakir, M. Aziz, H. N. Salama, K. Bcnyamin

Nuclear Chemistry and Radiation Protection Departments, Nuclear Research Centre, Atomic Energy Establish-
ment, Cairo, Egypt

As a part of a research program on the treatment of a radioactive process waste water by foam separation techniques,
adsorbing colloid flotation was tested to remove ii1Ge, mCo, ^Zn and mSr from the waste water. Potassium oleate was
used as the collector, and Fe(III) hydroxide, Al(III) hydroxide or Co(IJ) hydroxide as the coprecipitant. Under the
optimal conditions, removals exceeding 09% could be achieved for 65Z?i ivith any of the tested coprccipilants, for 141Cc
with Fe(III) and Go(II) hydroxides and for mGo with only Co(JI) hydroxide. ForS9<SV removals > 00% covld be achieved
with only Fe(III) hydroxide. The adsorbing colloid flotation process was compared with both chemical precipitation
and ion exchange, and advantages of adsorbing colloid flotation were enumerated.

Als Tcil cines Untersuchungsprogrammcs zur Iiehandlung von radioaktiven Abwasscrn durch cine Schaum-Trenn-
lechnik wurdc auch die adsorpliv-kolloidalc Flotation zur Abtrennung von li'Ce, 60Co, 6*Zn and S0Sr gctcstct. Als Samm-
ler wurde Xatriumoleat venuendet und Fe( 111)-hydroxide, Al(111) -hydroxide oder Co( 11) -hydroxide als Alitfallvngs-
mitlel cingesetzl. Unter optimalen Bedingungen konnten Abtrennungen von melir als 99% des ciZn mit einem der Mit-
fallungsmiltel ereicht werden, fur ll'Ce konnten nur mit Fe(III)- und Co(II)-hydroxidcn und fur C0Co konnten nur
mit Co(II)-hydroxiden solche guten Ablrennungen erzielt werden. Im Falle des S0Sr lagen die Abtrennungen von inclir
als 90% nur bei Verwendung von Fe(IIIJ-hydroxiden. Der adsorptiv-kolloidale FlotationsjnozeP wurdc mit den Vcr-
jahrcn der rein chemischen FQllung und des Ionenauslausches vcrgliclicn und seine hohe Wirksamkcit crkannt.

Keywords

adsorbents; colloids; foams; oleic acid; potassium compounds; precipitation; radioactive waste processing; separa-
tion processes; surfactants

1. Introduction

Radioactive process waste water is a dilute solution, usually
consisting of ordinary drinking water having a very low
radioactivity level and containing small amounts of labor-
atory chemicals. The water is usually produced at high
rates (about 5000 gal./day in large plants) and has to be
properly treated to remove the hazardous isotopes prior
to its release to the environment. Because of very low con-
centrations, the isotopes cannot be efficiently removed
by the currently used drinking water purification tech-

niques (chemical precipitation and flocculation). Also, other
separation techniques including ion exchange, adsorption
and reverse osmosis are not recommended since they are
either time consuming or expensive or both. Therefore,
the attention of many investigators has been directed
towards foam separation methods. These methods have
been quite pertinent for the removal of trace concentrations
of metal ions from large volumes of solutions and are based
on the fact that a surface-active material tends to concen-
trate at the gas-liquid interface. If not surface active, the
substance to be removed can be made so through union
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