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methods (namely based on the maximum likelihood principle, on the one 
hand, and on the other hand, on the /-divergence), in just the same manner 
two formulae are to be fulfilled simultaneously (Eqs. (1) and (3) or Eqs. (2) 
and (4)). Consequently, the formula for the determination of the parameter 
of scale strongly influences the behaviour of the Г-determination, e.g. in 
respect of robustness.

Let us show an example. Choosing the Cauchy type distribution as 
substitute one (i.e. g-function) in the first method, and the same Cauchy-dis- 
tribution as an a priori known /density function in the second one (i.e., in 
the maximum likelihood method), the actual Г-formulae derived on the basis 
of Eqs. (1) and (2) are just the same (as was mentioned earlier in the fourth 
row of Table I). On the contrary, Eqs. (3) and (4) result in quite other 
formulae for the parameter of scale, if the Cauchy distribution was chosen 
as substitute distribution g, — but this is in full accordance with the thesis at 
the end of Table I. If Xt means the residual, i.e., measured value xt minus 
computed value (in the simplest case X{=xr T obviously holds), from Eq.(3) 
it follows that:

and the resulting value is called ‘dihesion’ (and is denoted by s). Eq. (4) results 
in quite another formula (without squares and without the factor ‘3’)

if the Cauchy-distribution was chosen as substitute distribution g.
The question arises as to whether the choice of the determination method 

of S, i.e. of the parameter of scale, is really of significant importance in 
respect of the determination of T? Determination of the value of Г (or of the 
values p 1,p2,...,Pj,...,pJ as components of the unknown parameter vector p 
in multidimensional cases) always has priority in our practical tasks. The 
question of errors or bias of the 5-determinations is treated in general as a 
secondary one, or simply the conventional formulae are used for error-de­

(5)

i=l

n

(6)
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/ои / 0 0

/ М  = Ф2(* )/ jV (*)dx  and g(y)= y2( x ) / J y 2(x)dx (7)

(g can be called the ‘Heisenberg counterpart’ of/), then the product of the scatters 
(standard deviations) cannot be less than 1/2:

a ( /) -o (g )> ^ -  (8)

It is well known [see e.g. H uber 1981] that a is at the same time the asymptotic 
scatter (A) of the algorithm based on the minimization of the L2-norm and 
therefore relation (8) can also be written as

1
A(f) ■ A(g) > for the L2-norm. (8a)

Let us show an example, namely the supermodel/a(x) (see e.g. in Steiner 
[1991] the first column of the table at the end of the book):

/«(*) = '
1

л/л-rl a - 1 (i + x 2)'
<7/2 («>!)• (9)

(Incidentally, it is easily seen with this analytically simple density function what 
an enormous difference exists between the formulae given in Eqs. (5) and (6): 
if the sum expressions are changed to integral ones and f jx )  figures in these 
integrals, Eq. (6) yields S-»oo if a -*  1; on the contrary, Eq. (5) yields S->2.592, 
if a -»  1, see H ajagos and Steiner [1993b].)

The Heisenberg counterpart of f jx )  is [see Steiner 1991, p. 281]:
a-2

4n p2Í Û 
4

a -\ ia > !)■ ( 10)

The latter formula is a little bit more difficult (the modified Bessel 
function К  figures in it) but the distributions gjy) are symmetric and unimodal 
(like the f jx )  distributions). The density curve of gjy) e.g. to a = 8 (Fig. 2) 
proves that for modelling actual cases the types of the supermodel gjy) could 
also be appropriately used.

As was mentioned earlier the scatters in the Heisenberg relation (char­
acterizing primarily the mother distributions themselves) have also the
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mentioned, however, that even in this case the product of error-characteristics 
for a = 5 is only by 12% greater than 1/2; in cases of Ph P and Pc is for 
t = l/(a-l) = 0.25 i.e., for the so-called geostatistical distribution the product 
is significantly smaller than 1/2.

It is perhaps useful to tabulate this opposite behaviour (see Table III).

h -norm:

The opposite relations for the P-norms at the same limit above are as follows:

PiTJ 1 -norm: A(fa)-A(ga)< ~,
if ű<20 f a(x) for a - 20 is very near the 
Gaussian type).

P -norm: 4 fa ) -4 ë a )< \,
if a <10 (this means diat die opposite 
relation is valid already for the whole 
Jeffreys-interval of types).

Pc -norm: A(fa)-A(ga)< 1- ,
if a <6 (i.e., tire opposite relation is 
already valid in the neighbourhood of the 
so-called geostatistical distribution).

Pi, -norm: A(/a)-A(ga)<±,
if a < 4 (tliis limit is yet in die domain of 
distributions of finite variance).

Table III. The product of asymptotic scatters belonging to f a and to its Heisenberg-counterpart 
ga behaves in cases of modern norms inversely to the classical case of the L2-norm 

III. táblázat. Az /д-hoz és a ga-val jelölt Heisenberg-megfelelőjéhez tartozó aszimptótikus 
szórások szorzata a modern normák esetében az Ьг klasszikus esetéhez viszonyítva ellentetten

viselkedik

This advantageous behaviour is partly due to the fact that in the new 
norms the parameter of scale is a constant times the dihesion e: Pj works with 
S=3s, P with S=2s, � �  with the dihesion itself, and Pu with half of it. Let 
us recall that e is defined by Eq. (5), i.e., due to Eq. (3) which is based on 
a train of thought concerning the /-divergence.
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3. Significance of the right choice of S (parameter of scale) in�
respect of the behaviour of T’-determinations (the location�

parameter is denoted by T)

T'$$9� +'� /01'� ('.-()'4� .#� ./'� ,3<)353*0)*'� #5� ./'� (3</.� */#3*'� #5� ./'�
%0(07'.'(�#5�,*0$'�S�3)�(',%'*.�#5�./'�2'/013#-(�#5�./'�4'.'(73)0.3#)�#5� T.� �)�
Fig. 4�.+#� *-(1',�#5�,.0.3,.3*0$� '553*3')*3',�0('�%(',').'4�5#(�./'�43,.(32-.3#)�
.6%'	3).'(10$� ��S�t <���� &#(� t�Q�\j(a �E����Q��� 3�' �9� 5#(�./'� "0-*/6� .6%'�3.,'$59�
3.� 3,� '134').$6� 3)4355'(').�+/'./'(� �8�� �J��#(��8�� ����3,� -,'4�5#(�./'�J	4'.'(=
73)0.3#)B�3)�2#./�*0,',�70N37-7�'553*3')*6�3,�0*/3'1'4��T3./�('<0(4�.#�#./'(�
.6%',9� /#+'1'(9� ,3<)353*0).� 4355'(')*',� #**-(� 2'.+'')� ./'� '553*3')*3',� 4'=
%')43)<�-%#)�+/'./'(��8�� �J�� �@�&�A	*-(1'9�5(#7�7#,.�5('8-').�10$-'�9�#(�
�8�� ���� �"��	*-(1'9� "0-*/6�70N37-7�$3:'$3/##4�� 3,� -,'4� .#� *0$*-$0.'� ./'�
%0(07'.'(�#5�,*0$'�

&3<-('���3,�34'0$�5#(�,/#+3)<�+/0.�robustness� ('0$$6� 7'0),�� �/3,�)#.3#)�
4#',� not� 7'0)� #-.$3'(	3),'),3.313.6B� ./3,� $0..'(� E� 0$,#� 1'(6� 37%#(.0).� E�
2'/013#-(� 3,� *0$$'4�resistance.� �/'� 1'(6� 7'0)3)<� #5� (#2-,.)',,� 3,� ./'

���  ■

e l t l
�̀�

_��	

Fig. 4.� �3<)353*0).$6�4355'(').�'553=
*3')*6�*-(1',�5#(�4'.'(73)3)<�./'�$#*0=

.3#)�%0(07'.'(�C5(#7�Hajagos 0)4�
Steiner ���I2F9� 0$./#-</� @#)$6A� ./'�4'=
.'(73)0.3#)�7'./#4�#5�./'�%0(07'.'(�#5�

,*0$'� 3,�4355'(').�5#(�./'� @�&�A� 0)4�
@"� �A� 7'./#4,�

4. ábra.� �� /'$6%0(07Y.'(�
7'</0.K(#>K,K(0�1#)0.:#>V�/0.K,5#:=
<[(2Y:�CK.1Y1'�Hajagos '.�0$�� ���I2	�
2U$F�D� 0�<[(2Y:�,>3<)353:K),�7Y(.Y:2')�
:Z$[)2[>)':�'<67K,.V$9� )#/0�0�/'$6	�
%0(07Y.'(7'</0.K(#>K,#:� @�&�A	�Y,

��		�
� �

@"��A	7V4,>'('3� @*,0:A� 0�,:K$0=
%0(07Y.'(�,>K7W.K,3�7V4,>'(Y2')�

:Z$[)2[>)':



,	5��	-!��-� �� �0	��0	 �2� ���0	�6 -����	7!	���8��!	�1� �	"!�	- ��

5#$$#+3)<B� ,.0(.3)<� 5(#7� ./'� 70N37-7� '553*3')*6� %$0*'9� +3./� 3)*('0,3)<�
.6%'	43,.0)*'� ./'� '553*3')*6� ,$#+$6�4'*('0,',�� ��/'� *#(('*.�4'53)3.3#)�#5�./'�
.6%'	43,.0)*'�+3$$�2'�<31')�$0.'(� 3)� �8�� ����D� 26�<##4�5#(.-)'� 3.�3,�0%%(#N3=
70.'$6� *#),.0).� .37',� #5�./'� *#(('*.$6� *0$*-$0.'4�43,.0)*',� 3)� ./'� �0-,,30)	�
"0-*/6� .6%'	3).'(10$9� E�,''�0$,#�&3<�� J�3)�./3,�0(.3*$'B� ./'�%(#%#(.3#)0$3.6�3,�
0$7#,.�%'(5'*.�3)�./'�2(#04�)'3</2#-(/##4�#5�./'�<'#�,.0.3,.3*0$� .6%'��� �.�*0)�
2'�'0,3$6�*#)*$-4'4�#)�./'�20,3,�#5�&3<�� ��./0.�./'��&��7'./#4�3,�7-*/�7#('�
(#2-,.� ./0)� ./'� "��� 7'./#4� ./#-</� ./'� 3<	5-)*.3#)� �,''� � $&�� � ��_�D�
)#+0406,� 0$,#� :)#+)� 0,� @3)5$-')*'� 5-)*.3#)A�� 3,�=!-�� �0	� -�6	 � 3)� 2#./�
7'./#4,�� "#),'8-').$69�3.�3,�50(�5(#7�,0.3,50*.#(6�.#�<31'�./'�3<	5-)*.3#)�#)$6B�
+'� /01'� 0$,#� .#� 4'*34'� +/3*/� 5#(7-$0�7-,.�2'� -,'4� .#� 4'.'(73)'� � �#)� ./'�
20,3,� #5�./'�40.0�� �-('$69� 3.�3,�%#,,32$'� .#�<31'� 0)� �	10$-'�0.� (0)4#7� E� 0)4�
)#.�#)� ./'� 20,3,� #5�40.0�E� *0$$3)<� ./3,�%0(07'.'(�#5�,*0$'9� 5#(� 'N07%$'9� 0)�
@'7%3(3*0$$6� %(#1')A� 10$-'� #(� 0)6� 0(23.(0(6� 4',3<)0.3#)D� %(0*.3*',� #5� ,-*/�
:3)49� /#+'1'(9� 0('�#-.�#5�#-(�%(',').� ,*#%'�#5�3).'(',.�� ��/'�u<	5-)*.3#)�/0,�
0� +'$$� :)#+)� 5-)407').0$� (#$'� 3)� ./'� ./'#(6� #5�!-2'(� 0,� ./'� 5-)*.3#)� 5#(�
',.370.3)<� � �#)� ./'� 20,3,� #5�./'� 7'0,-('4� �� � 40.0�� �/'� 1f;	5-)*.3#),� *0)� 2'�
*#),.(-*.'4�5(#7� ,.(03</.�$3)',9� .##9� 35�)#� 4''%'(� ./'#('.3*0$� 20*:<(#-)4� 3,�
<31')D� 0� *$0,,3*0$� 'N07%$'� #5�./3,� 3,� ./'� u<	5-)*.3#)� #5�./'� !-2'(	',.370.'9�
,''� � $&�� �C����F��

0%� ;����#���#��� ���������#(��#��� � ������ �� ���������� � ���#�������
�����

�/'� .+#� '553*3')*6	*-(1',� 3)� &3<�� �� C*3.'4� 5(#7�� ������ �0)4� � ���� �� �
���I2F� 0('� 'N*'$$').�5#(� ./'� *#7%0(3,#)�#5�(#2-,.)',,',� 0)4� ./'� *#)*$-,3#)�
3)� ./0.� ,%'*30$� *0,'� #213#-,$6� 3,� ./0.� ./'� �&�� 7'./#4� 3,� 7#('� (#2-,.� ./0)�
./'�"���',.370.3#)�� �/3,�*#)*$-,3#)�3,9�/#+'1'(9�#)$6�#5�8-0$3.0.31'�)0.-('��
T'�./'('5#('�5#-)4�3.�)'*',,0(6�.#�*/0(0*.'(3>'�./3,�%(#%'(.6�26�0�)-7'(3*0$�
10$-'�� �/'� 5#(7-$0�5#(�./3,� 10$-'� �0,� 0�(0.'� #5�./'� (#2-,.313.6� 4')#.'4�26� � ��
3,� 0,� 5#$$#+,B

+/'('� 	��� � 3,�./'�,.0.3,.3*0$�'553*3')*6�#5�./'�,.0.3,.3*0$�7'./#4�3)�8-',.3#)�5#(�./'�
%(#2023$3.6� 43,.(32-.3#)� .6%'� */0(0*.'(3>'4� 26� ./'� .6%'� %0(07'.'(���� 0)4� 7���

44

�_�
�



12 Ferenc Steiner

means the probability density of occurrence of type t in the discipline studied 
[see Steiner and Hajagos 1993].

But which q(t) density function can be regarded as adequate for the 
geosciences? The old statistical literature (not only in the geosciences) often 
claims that in the overwhelming majority of cases the error-distributions are 
Gaussian, then called this type ‘normal’. (This would mean that q(t) is a 
Dirac-S at the point t= 0.) This dogma was accepted not only because the use 
of the simplest statistical methods should be justified but also the statistical 
tests for ‘normality’ (applying the proposed significance levels) can be 
misleading. Details about this fact are given in Szucs[1993]. For example, 
the %2-test can ‘prove’ the normality even for data coming from a random 
variable of a quite different distribution type, if the sample is not sufficiently 
large.

Only sporadically can reliable information be found about the real type 
of data although even at the end of the last century Newcomb [1886] did not 
use the L,-norm for his astronomical data as it was important to exhaust all 
information contained in the measured values. Briefly speaking, he did not 
accept the dogma of ‘normality’. On the contrary, he concluded that the 
Gaussian error distribution occurs very rarely.

Newcomb is one of the very few scientists who can be regarded as 
competent in the problem of the really occurring error-types. But also 
generally: if experts work only in the field of geosciences, or only in the 
discipline of mathematical statistics, their opinion about error-types must not 
be taken into consideration. In this question only such scientists are competent 
who work deeply enough in both disciplines.

As the best example Sir Harold Jeffreys, the great geophysicist should 
be cited, who exhausted the information optimally from the seismological 
data with adequate iteration algorithms, although it was extremely tedious to 
do this in the thirties of this century: the execution of a single iteration step 
needed some hours. The book Jeffreys [1961] written on the theme of 
probability proves that he was a deep thinking scientist in both disciplines. 
As for the error-distributions, he concluded that in practice the flanks are not 
in such a degree short as by the Gaussian, in the best cases f j x )-like tails can 
occur for the type-parameter interval 0.1 <t < 0.2, or otherwise written for 
6 < a<  10. This interval is marked in the abscissae of Fig. 3 as ‘Jeffreys-in- 
terval’.

Rather than listing and discussing all the citations, we opted to accept 
the following expression as g(r)-formula for the geosciences:
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function of the latter should be denoted for T= 0 and 5=1 by G(0,1; x) 
(evidently this is the ‘standard version’ of the so-called ‘normal’ distribution 
tabulated in nearly every book written on the subject of probability and 
mathematical statistics). If 7= 0  is also substituted in Fa, the minimization 
according to T  is already made (functions Fa and G both being symmetrical 
to T and unimodal). As for the 5-values: they have during the minimization 
no separate role, only the ratio of both 5-values influences the D-value. 
Consequently, the type-difference of any Fa from the Gaussian can be 
calculated simply as

This exact type-difference is still about the Cauchy-type (astonishingly 
enough) approximately proportional to the intuitively introduced t= l/(a - l) , 
(see Fig. 5). It would therefore be superfluous to make ‘more correct’ the 
abscissae of all figures in the MFV-literature which are given in the 
overwhelming majority of cases for the Gaussian-Cauchy interval. Even the 
modification of the definition of the robustness for the geosciences (r) in

( 12)

Fig. 5. Type-distance D(Fa,G) (i.e., 
the distance of type Fa from the 

Gaussian) versus t= l/(a -1), showing 
approximate proportionality between 

the two quantities in the interval 
demonstrated [from Hajagos and 

Steiner 1994]
5. ábra. A z Fa típusnak a Gauss- 
félétől mért D(Fa,G) távolsága az 

ábrázolt intervallumban közelítő ará­
nyosságot mutat a t=  1/(ú-1) 

típusparaméterrel [Hajagos et al. 
1994 nyomán]
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The conclusions can be formulated as follows:
1. The overall robustness of L2 can really be regarded as nearly vanishing;
2. The overall robustnesses of the norms resulting in MFV procedures are 

greater (or even significantly greater) than the overall robustness of the 
Lr norm.
Also in respect of the overall robustness of the standard version P has a 

significantly greater OP-value compared with that of L x.

OR(P)-OR(Ll) = 21.4 %.

It is perhaps more interesting that

OR(Lx)-OR(L?)  = 42.3 %

and

ORiP^-ORdO  -  42.5 % (14)

hold and this nearly full coincidence of the differences means not less than 
(concerning overall robustness) the choice of Pu instead of L, has the same 
advantage that we could have reached using Lx instead of the conventional 
L2-norm.

5. ‘Philosophies’ in statistics

The rates of robustness (the values of r and OR) are very helpful in 
choosing the appropriate statistical norm for a given task, but this is far from 
being satisfactory. It must also be taken into consideration which ‘philoso­
phies’ are behind the formulae. Finally, let me show a table (Table VI) for 
orientation (from C ser n y á k  et al. [1995]).

All three philosophies can be applied appropriately in different disci­
plines. For example, in the case of the geosciences (where outliers often 
occur and modelling can rarely be exact), the statistical method must be 
sufficiently resistant — and this is warranted in the philosophy of the 
MFV-procedures. Accepting e.g. the P-norm and its philosophy we have to 
decide additionally whether or not neglecting more than 50% of the data is 
acceptable from the point of view of a well defined task to be solved in a 
framework of a given discipline.
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data including porosity, permeability, and pore throat size distribution for 
the above-mentioned two groups are treated as one sample population. On 
the other hand, each group was treated separately in order to investigate the 
efficiency of the suggested reservoir model (Fig. 4) to discriminate between 
sandstone and siltstone-marl lithologic facies. The following part is devoted 
to discussing the cross plots regarding the reservoir diagnostic features and 
validity of the suggested model.

3. 1. Helium versus mercury porosity

The cross plots (Fig. 5a, b, and c) elucidate the relationships between 
helium porosity and mercury porosity for sandstone (Fig. 5a), siltstone-marl 
facies (Fig. 5b) and all samples (Fig. 5c). In fact, the sandstone porosity 
(Fig. 5a) seems to start its lower limit from ФH = 7.0% and ФM  = 6.0%. 
The lowest porosity values of the sandstone facies are mainly represented by 
samples belonging to the Déva and Endrőd wells. The samples of Kisújszállás 
are characterized by higher porosity values while both porosity types (ФH 
and ФM) are more than 25%. The calculated regression line equation 
characterizing this relation is;

ФЯ = 0.999 ФМ + 2.326 (9)

where ФЯ = helium porosity (%), and ФМ = mercury porosity (%).
This equation is supported by a high correlation coefficient (r -  0.9) 

which enables it to be used to predict one porosity from the other. The 
maximum recorded porosity of the siltstone-marl facies is generally lower 
than 8 % ( Fig. 5b); most of these samples are attributed to the Nagykörű and 
Endrőd wells. The regression line equation recognizing this relation is

ФЯ = 0.74 ФМ + 2.26 (10)

The relationship governing all the samples (Fig. 5c) is calculated as;

ФЯ = 1.054 ФМ + 1.54 (11)

This equation contains a high correlation coefficient (r = 0.9) enabling 
porosity to be predicted and the costs and time of laboratory measurements 
to be reduced. It is worthy of mention that both of the defined siltstone and 
sandstone areas (Fig. 5c) could be beneficial during lithofacies studies of the 
Szolnok Formation.
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Fig. 7. Helium porosity versus vertical perme­
ability. A—sandstones; B—siltstone-marls; 

C—all samples
7. ábra. A hélium porozitás a vertikális perme 

abilitás függvényében. A—homokkövek; 
В—aleurolit-márga; С—minden minta

still exists. The regression equations calculated for both sandstone facies and 
all samples are:

and

log Kv = 0.183 ФH -  2.54 (for sandstones)

(r = 0.84)

log Kv = 0.169 ФH -  2.23 (for all samples)

(r = 0.81)

(14)

(15)

where Kv = vertical permeability (pm2).
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stone and siltstone-marl facies in view of which either we have to look for 
another effective cross plot or assume both silty sandstones and siltstone-marl 
as one petrophysical facies (petrofacies).

3. 5. Mercury porosity versus pvc�

pvc2 is defined as the pore volume corresponding to pore radius of 
0.01 pm. The combination of mercury porosity and pvc2 (Figs. 10a, b and c) 
proves to be very effective in discriminating between clean sandstones, silty 
sandstones, and siltstone-marl facies. The obtained inclined V-shaped sample 
points distribution is a specific feature characterizing this cross-plot. The 
examination of Figs. 10a, b and c indicates that silty sandstone facies is more 
or less overlapped in some parts by siltstone-marls. In addition, it can be 
proved that clean sandstones have a very low pvc2 %, while silty sandstone

40.00 A

30 .00  :

siltstone end marls

В

30.00  -

0.00  p r i Г. I I I I I 1.............. ........................... I I IT I I I TIT .-1TT. I I
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0 .00 |Tt 
0.00

pvc2 (%)
6.0C

40.00 -i

Szolnok Formation (oil Samples)
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Fig. 10. Mercury porosity versus pvc2. 
A—sandstones; B—siltstone-marls;

C—all samples
10. ábra. Higany porozitás a pvc2 függ­

vényében. A—homokkő; В—aleuroit-márga; 
C—minden minta
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������ ��� �
Szolnok Formation (all Samples) 

315.00 - fi, } ' clean sandstones

&ЛО"

4.00 6.00
p v c 3 (% )

Fig. 12. (Vp<pvce) versus pvci. A—sand­
stones; B—siltstone-marls; C—all samples
12. ábra. (Vp<pvc6) a p v n  függvényében. 

A—homokkő; В—aleuroit-márga;
C—minden minta

3.9. (Vp < pvcfi) versus pvc�

Examination of the relationships (Figs. 14a, b and c) indicates that we 
can easily differentiate between sandstones and siltstone-marl facies. Both 
the siltstone-marl and silty sandstones still have an overlapping area, which 
represents poor reservoir type in the Szolnok Formation.

3. 10. Effective radius versus mercury porosity

Here, the effective pore radius, is defined as the pore volume corre­
sponding to pore radius of 1.87 pm in size. The relationships (Figs. 15a, b 
and c) between effective pore radius and mercury porosity for sandstones, 
siltstone-marls and all samples are useful for facies discrimination despite 
exhibiting linear trends in the case of clean sandstone samples. It is clear that
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Fig. 15. Effective pore radius versus mercury 
porosity. A—sandstones; B—siltstone-marls; 

C—all samples
15. ábra. Effektiv pórus-sugár a higany poro- 
zitás függvényében. A—homokkő; B—aleuroit- 

márga; C—minden minta

The low percentages of calcite content as a rock formation fines occurring 
in the pore spaces usually occupy the larger pore throat size fractions 
(Fig. 16). On the other hand the percentages of calcite content increase at the 
expense of the large pore throats. Figure 16 elucidates that the large pore 
size fractions have been destroyed step by step from the largest size fraction 
downward by the gradual increase of the percentages of the calcite content 
in the pore space framework of the sandstones belonging to the Szolnok 
Formation. We can conclude that the increase in the percentages of calcite 
contents up to 22 % can destroy all pore throats having a radius larger than 
0.25 pm, in this case the sandstone reservoir could not be suitable for storing 
fluids.

An attempt was made to investigate the calcite cement and its effect on 
reservoir fluid production. For this purpose some sandstone samples were 
acidified with 15% HC1 acid while both porosity and pore throat size
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suggested reservoir model permits lithologic discrimination with high effi­
ciency using some graphical combinations. This technique is extremely 
important for Szolnok reservoir diagnosis. It facilitates separation and 
identification of the present lithofacies.

The pore throat size classification based on the proposed model proves 
its appilicability for lithologic facies discrimination as well as for prediction 
of some important reservoir parameters. Cross-plotting of the petrophysical 
measurements has indicated that the Szolnok Formation comprises two main 
lithologic groups: (a) clean sandstone, (b) silty sandstone, siltstone and marls. 
It means that by using these plots one can easily differentiate between very 
good and intermediate or even bad reservoirs; each lithologic facies has a 
characteristic trend.

The prediction of one type of porosity and/or permeability from another 
using the least squares fitting method has great significance for Szolnok 
reservoir evaluation. Both the porosity and permeability variation range 
characterizing the detected lithologic facies of the Szolnok Formation are 
useful for reservoir zonation.

Some pore volume sizes — especially pvc2 and pvc7 as defined by the 
suggested reservoir model — could be predicted from either measured 
permeability or porosity. Intercorrelation between some pore space volumes 
is very effective for lithologic facies separation and identification.

It should be mentioned that reservoir enhancement using acidification 
processes depends mainly on the nature of pore throats, pore spaces, and the 
mode of occurrence of formation fines and its mineralogy.
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The history of burial and subsurface temperature is calculated for the Danish well Aars-1A 
using simple analytical expressions. Compaction of the sedimentary sequences is taken into 
account. Vitrinite reflectance and hydrocarbon generation are simulated using a general chemical 
simulation model. The model is flexible with regard to modifications of chemical reactions. A 
method for calculating the heat flow history by inversion of measured vitrinite reflectance values 
is suggested. 1-D basin modelling is performed for the Danish well Aars-1A. The uncertainty of 
the calculated heat flow (relative to the present heat flow) is 25%, 100 mill, years ago. Before that 
time the uncertainty increases further. The hydrocarbon generation of the F-III Member of the 
Fjerritslev Formation is calculated using the heat flow history derived from geodynamic modelling.
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The ultimate goal of basin modelling is to calculate the amount of 
hydrocarbons generated in source rocks through time and to predict accumu­
lations in reservoirs. The basic principles of basin models are given in Y ü k l e r  
e t al. [1978], U n g e r e r  étal. [1984] and C a o  and L e r c h e  [1986]. A  simple
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functions which all result in simulated vitrinite reflectance values close to 
measured values, are derived.

In the following the mathematical background is given for 1-D basin 
modelling.

2. Burial history

Sedimentary sequences are often divided into a number of formations 
each with a distinct lithology. Looking at a particular formation it may be 
reasonable to assume that the layer resulted from a continuous and steady 
sedimentation process. During burial the sediments are compacted due to 
rearrangement of the grains and of diagenesis. The grains themselves are 
considered incompressible. In due course the formation water occupying the 
pore volume escapes the diminishing pores. Empirical observations have 
shown that sediments often compact with the porosity decreasing exponen­
tially with depth [Athy 1930]. Each formation has its own characteristic 
exponential function. Limitations to this approach will be discussed below. 
The mathematical formulation of burial history including compaction, given 
here, is based on the principle of conservation of the solid particle mass. The 
sediment volume, not occupied by solid particles, is assumed to be filled with 
water. Once the movement and the compaction of the solid particles are given, 
the movement of the water may be readily found since the water just occupies 
the volume left over by the solid particles.

The following description is divided into two parts: the first part 
discusses the derivation of equations for the surface layer, the second 
describes underlying layers.

The sedimentation process of a surface layer may be regarded as a flow 
of solid particles relative to the surface, towards the depth. The rate at which 
solid mass is added to the surface is assumed constant from time �%0, when 
the sedimentation process started. It is assumed that the lithology and the 
porosity profile of the layer are constant in time during sedimentation. This 
means that any lump of sediment experiences equivalent burial paths. 
Analytical equations of the burial history of a surface layer including 
compaction may be deduced by considering conservation of the solid particle 
mass. The particles are packed with depth. This is expressed by increasing 
density of the solid with depth. The density is calculated as the mass of solid, 
per total volume of sediment, including water. The flow of compacting solid
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particles may then be regarded as analogous to the flow of a compressible 
fluid. A differential equation may be derived from which the relation between 
time and depth can be determined [H u t c h in so n  1985 and J e n s e n c í al. 1985];

t(z)
1

V o í l - Ф о )
Z + i) a)

where f(z) is the time it takes a sediment grain to reach depth z, Ф0 is the surface 
porosity, a is the compaction coefficient determining the compaction of sedi­
ments:

a = --1 п (Ф (г )/Ф 0) (2)
z

Ф(г) is the exponential porosity depth function. The surface velocity u0 is 
determined from:

(1-Ф оК
(3)

where the total surface layer thickness, h, is known from well information, and 
tb is equal to an age date of the base of the layer, thus Eq. (1) is the expression 
governing the relation between time and depth for the sedimentation process 
including compaction. Given the depth, the time necessary for a sediment 
particle to reach this depth can be calculated simply form Eq. (1). If, on the 
other hand, the time is given the depth must be found from Eq. (1) by an iterative 
procedure (see Appendix A).

We now turn to layers underlying the surface layer. S c l a t e r , C h r istie  

[1980] showed that the following relation can be used to calculate the depth 
to the base of a layer z4:

z4 + —  íTŰZ< = z2 - z l + <̂  (e~aZï -  + t f flZ3 ) + z3 (4)
a a

where Z\ and z2 are respectively the depth to the top and the base of the layer at 
a given time, and z2 and z3 are respectively the depth to the top and the base of 
the layer at another time (see Fig. 1).
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Steady state formation temperature is calculated analytically for a given 
surface temperature and a given heat flow. Heat production and transport of 
heat by water and grain movements are not considered. The conductivity is 
a function of the depth dependent porosity. The conductivity function 
considered is

H ���V ��D�:���  Ф)2 �V-  + 1 i �V 1 �  (5)

This equation is due to R obertso n  [1979]. The conductivity is a function of 
fluid conductivity' V��  solid conductivity V- for zero content of quartz, and quartz 
content 1 (percentage). The influence of the quartz content, 1� is governed by 
multiplying by C which is a constant for each formation. Results of measure­
ments on a large number of sedimentary rocks are given in R o b er tso n  [1979] 
where the necessary constants in Eq. (5) may be found for different rock types. 
For an exponential depth decrease of porosity, and applying the conductivity 
given by R ob er tso n  [1979] one obtains an expression for the formation 
temperature. For a given formation the temperature at its base �:k �  is [Jen sen  
et al. 1985]:

�:4;�� �� ��4���D�w
1 1

B�x:V�Kx �� + 1 : � � � ��� 264

where $ � V-D1i�V F, Ф,=Ф0e®, and

V �L�$ W X � " Y Z �8�)$"X �*+
$

l �
������

V

i - ф ,
k f / a

Л

/
)S*

for г = 1, 2. Hints concerning the derivation of the above given expression are 
detailed in Appendix B.

0%� >����#��� ������#�4

Quantification of maturity of source rocks is often performed by mea­
suring the vitrinite reflectance. Vitrinite reflectance is time and temperature
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Here the transposed matrices rT and RT are column vectors. Given the initial 
concentrations, at a later time the concentrations can be calculated by integrating 
the reaction rates for each species. Integration of the non-linear differential 
equations is performed by LSODE, the Lawrence Livermore solver for ordinary 
differential equations [H in d m a r sh  1980]. Simple calculation examples using 
matrices are given in So r en sen  [1982].

The reaction rate is usually a function of species concentration

where �=�*��y  is the source rock concentration of a species, s; / is an element in 
the reaction order matrix e . �/���  may be determined from published reaction 
rate expressions; f�  is the forward reaction rate constant, and V� is the equilibrium 
constant, f= may be temperature dependent

where �  is the temperature (Kelvin), Л,- is the frequency factor at the base 
temperature �f�  (usually 25 °C), a� is the activation energy, and ]`  is 
Avogadro’s number.

The equilibrium constant is also temperature dependent

where V���  is the equilibrium constant at the base temperature �V�  (in degrees 
K), $W�� is the reaction enthalpy. The stoichiometric matrix is here derived from 
the reaction kinetics given by B urnha m , Sw ee n ey  [1989]. The matrix is quite 
large therefore only the submatrix for the reactions involving water production 
is shown here. The stoichiometric sub-matrix is in this case

( 12)

(13)

(14)
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sample. The next (older) segment is valid for the time span between the age 
of the uppermost sample and the next deeper sample. In this case the number 
of degrees of freedom for the heat flow function is equal to the number of 
samples. For the first segment the endpoint at the present has a heat flow 
value equal to the present day heat flow value; the heat flow value at the other 
endpoint may be calculated iteratively by simulating the uppermost vitrinite 
reflectance value. The heat flow function may be continued further back in 
time provided that deeper samples are available. The next segment may be 
calculated similarly using the next deeper sample.

Uncertainties of the vitrinite reflectance values lead to uncertainties in 
the inverted heat flow function. This is illustrated in Fig. 2, where three heat 
flow functions are shown. The function which leads to a close match between 
simulated and measured vitrinite reflectance values has already been dis­
cussed. The other two functions are determined such that their corresponding 
calculated vitrinite reflectance values are at the outer limit of the error bars 
for the measured vitrinite reflectance values (Fig. 2). As the depth distance 
of the samples becomes small the uncertainty of the calculated heat flow 
becomes large, and even unrealistically large fluctuations may be obtained. 
This problem may be solved by enlarging the distances between vitrinite 
reflectance measurements. Enlarging the distances means that the segments 
of the heat flow function cover larger time intervals. Since the heat flow 
history is constructed by line segments beginning at the most recent time and 
progressing back in time, the uncertainty of a segment is dependent on the 
uncertainty of the preceding segment, but not on the following one. The 
uncertainty is thus increasing back in time. To avoid steadily larger fluctua­
tions of the calculated heat flow backwards in time the length of the line 
segments has to be increased.

7. Basin modelling of the Aars-1A well

The basin model described above is used to simulate hydrocarbon 
generation for the Danish well Aars-1A.

The Aars-1A well is situated in the Danish Sub-basin, ����� J�  A 
subdivision in stage/formation/member and a brief summary of the regional 
setting are given in T h o m s e n  et al. [1987]. The post Chalk Group erosion is 
here assumed to be 600 m [Ja p s e n  1993]. The potential source rock is the 
F-III Member of the Fjerritslev Formation, ����� G  [0 stfeldt1986]. The age
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individual formations (Fig. 4). The calculated burial history is shown in 
����� Y�

Aars-1A

����  5. Simulated burial depth as a function of time including compaction of the sediments 
Y�� 3����  Szimulált feltöltődési mélységek az idő függvényében, figyelembe véve az üledékek

kompakcióját is

The sediment surface temperatures ������ Q�  are given by B u c h a r d t  
[1978] for the period back to 60 mill, years. Data for older times were 
obtained after personal communication with B. B u c h a r d t *. The thermal 
constants determining the conductivities of the rocks using Robertson’s 
model, Eq. (5), are shown in Table 3 in J en sen  et al. [1985]. These constants 
are found stepwise. First a set of constant is found from figures given by 
R o b e r t so n  [1979] for each lithology knowing the porosity and the quartz 
content. Based on this conductivity model the input heat flux is adjusted to 
obtain a calculated temperature profile as close as possible to the measured 
temperature profile. The temperature profile was measured 1 1/2 years after

** Institute of Historical Geology and Palaeontology, University of Copenhagen, 
0stervoldgade 10, DK-1350 Copenhagen K, Denmark
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