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Figure 1 Resampling of a rock-physics model from velocity-porosity to lithology-porosity space. Ci are model 
results for various clay contents. 
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Figure 2 Bulk modulus constraint cube in the porosity, 
lithology, fluid space (PLF). The vertical axis is water 
saturation. The lithology axis varies from pure quartz 
(zero) to pure clay (one). 

 

Figure 3 Three observations (Vp, Vs and density iso-
surfaces) intersecting in the PLF space. Solutions exist 
at the two indicated points. 
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Figure 4 Three observations (Vp, Vs and density) inter-
secting in the PLF space. Uncertainty is implicitly handled 
by the proximity based implementation of the inverse 
modelling, providing a cloud of solutions as opposed to 
points as in Figure 3. 
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Figure 5 P-wave velocity versus porosity trend of 
clay-sand composites at constant pressure pre-
pared by Yin (1992). Dashed arrows indicate 
increasing clay content. The V-shaped trend of 
increasing clay content, producing an increase of 
velocity (and a decrease in porosity) until clay 
content equals sand porosity, has been attributed 
to a pore filling clay topology. 

 

Figure 6 Dispersed clay model (Dvorkin-Gutierrez) 
calibrated to Yin’s data. Note porosity is modelled well, but 
velocity is in general over-estimated. The model predicts that 
clay mineral becomes load-bearing (porosity minimum and 
velocity maximum) at about 30 % clay content. 



�
�

�

<<6�

������������
�������7�	�������
������	����
����������%���;��
�	�����
��������������������

���� ����� ��� ��������� ����� ������� � ���� �������� ���	��� �
� �� ������9����� %���� ����������� �����

��������*0+������7����������J�

, 
3

4

)3/4()3/4(

1
1

ss
sscc

ss

ssss

ss
MIX K

C

K

C
K μ

μ

φ

μ

φ
−�




�
�
�

�

+
+

+

−
=

−

� *<+�

, 
1

1

ss
sscc

ss

ssss

ss
MIX Z

Z

C

Z

C
−�




�
�
�

�

+
+

+

−
=

−

μ

φ

μ

φ
μ � *2+�

, 
2

89

6 ��
�

�
��
�

�

+

+
=

ssss

ssssss
ss K

K
Z

μ

μμ
� *H+�

%������ ccK ����� ccμ ��������	����
�������������9������������������������������������ �.����H���

���� ssφ ����������

����������	�����������������
�������������������� �


5���������������������������������������	������������������������������������������
�����

�
��������/�����	��������������������

���� �����������	���������������������������;����%���


�	��� ��� ������ ������ %���� �� ��������� ����9C	���D� ������ ��� ���� ��������9��������� ������

*(�������������2334+ ����������	���
��� 
���������%����
�������	��	���������������������� �(��

=��A�� �������� ��� ��������� �
� ���������� ����9����� ����������� %�� ��� ���� �7����� ����

������������ ��� 
�� �������� ���� %�� ��
��� ��� ����� ��� ���� ������ 
��� ���	��	���� ���� � 5�� ���

�������	�� ��� ���� 	�������������� ����� ������ *����/��� G� $	�� <EEB+� 
	�� %���� �� ���	����

������������������
���	��������������������������%�������������������������������������� �����

���������������������	����
��;���A��*<E42+����������
�C	���D���������������������	�� �


4��
�������	
"�	��������


(������������������
�����������������
���C	���������� 
����
�����������	�����
�����������

�����9����������� �1������
������
�����������������������������������������9���������������

*!��	��� 6+ � ���� ���������� ����� ������ �������� %���� ���� ������ ����� ���� �	��� ����� ����

���
�����
	�� �������������� ����������������	����
������������� � �������	��	���������������

������	���� ���� �����
������ �
� ���� �9%���� ��������� ������ 
	�� ���� ���	����� ��� ��

��	��� ���

����	��� �$������������������������������������%������������������������������� ��

5�� !��	��� B�� ���� ���������� ����� ������ ������	���� ���� ��������� �
� ��������� 
���

���������������������������%��
���������������������������������������������9
��������������


������������������7��	���������
�������������	����
������7��������H2S �����������������


��	��������7������������������������
����������������������D�������
���������������������������



�

�

<<F�

 

Figure 7 Conventional calibration of two shaley-sands 
models; structural clay (a) and dispersed clay (b) models. 
Both models have some success, but the accuracy of each 
is difficult to estimate. 
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Figure 8 Quantitative calibration of dispersed clay (left) and structural clay (right) models. Vertical axis is 
sample number, empty circles are lab measurements and filled circles model predictions. Only 7 samples with 
clay content below 0.3 were used. Of the two models, the structural clay model produced more solutions. 

�

�

Figure 9 Quantitative calibration of the dispersed clay model (left) and structural clay model (right), using 5% 
uncertainty in Vp. Vertical axis is sample number, empty circles are lab measurements and filled circles model 
predictions. More solutions were found relative to the results (Fig. 8) in which uncertainty was not included. 

�

 

Figure 10 Quantitative calibration of dispersed clay (grey) and structural clay (black) models, using a 5 % of 
uncertainty in Vp. Vertical axis is percentage of predictions matching the data, versus various tolerance ranges 
in porosity and lithology predictions (+/−−−− 0.01, 0.02, 0.03, 0.04, 0.05) in the horizontal axis. 
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Figure 11 Conventional calibration of the modified 
HS upper bound (MHS) model (top left); Xu and 
White (XW) model (top right) and Differential 
effective model (DEM) (bottom right), for P and S 
velocities on Han’s dataset. Note that the three 
models seem to provide satisfactory calibrations, 
particularly for the P-wave data. 
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Figure 12 Results of the quantitative calibration of the modified Hashin-Shtrikman (MHS), Xu and White (XW) and 
differential effective modelling (DEM) models on Han’s data set. Vertical axis is percentage of predictions matching 
the data, versus various tolerance ranges in porosity and lithology predictions (+/- 0.01, 0.02, 0.03, 0.04, 0.05) in the 
horizontal axis. Note the poor performance of the DEM model in terms of lithology. 
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Figure 13. Quantitative calibration of the modified HS upper bound (MHS) on the left; Xu and White model (XW) 
on the right panel. Vertical axis is sample number, empty circles are lab measurements and filled circles model 
predictions. Note that both models provide a large number of accurate predictions. 
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Figure 14 Improved calibration of the modified Hashin-Shtrikman model (MHS), on Han’s data set for various 
coordination numbers (C). Vertical axis is percentage of predictions matching the data, versus various tolerance 
ranges in porosity and lithology (+/- 0.01, 0.02, 0.03, 0.04, 0.05) in the horizontal axis. Results are stable, and the 
calibration is not significantly dependent on coordination number. 
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Figure 15 Improved calibration of the Xu and White model (XW), on Han’s data set for various combinations of 
aspect ratios. Models 1 to 5 have aspect ratios (sand-pores, clay-pores) as follow: M1 = (0.1, 0.035); M2 = (0.1, 
0.06); M3 = (0.12, 0.035); M4 = (0.12, 0.05); M5 = (0.12, 0.06). Vertical axis is percentage of predictions matching 
the data, versus various tolerance ranges in porosity and lithology (+/- 0.01, 0.02, 0.03, 0.04, 0.05) in the horizontal 
axis. Note that porosity predictions were optimized by using different aspect ratios whereas lithology maintains 
relatively stable. 
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