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Abstract 

This study shows that a better correlation between different variables such as on sonic velocity, total porosity and water 
saturation, and other secondary porosity values, can be obtained when dealing with a database, consisting of one petrographic 
class or Lithological group. This study is based mainly on oolitic limestones of Jurassic age commonly used as building 
stones in France, Britain and other countries.  Few samples have also been taken from Jordan’s Holocene. The total porosity 
is divided into matrix and secondary porosity. Using the cementation exponent (m), only secondary porosity of the moldic or 
vuggy type was emphasized in the present study. The relationships between the different porosity types and the other 
measured or derived properties were delineated, by extrapolation, using correlation. Mathematical formulae were presented to 
derive additional, complex properties from those more easily measured. Although the findings of this study are based on a 
limited available database about Jordanian building limestone, they have been verified. Practical implications of the present 
study and its limitations are also discussed. 
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1. Introduction 

Carbonate rocks (limestone and dolomite) are 
significant oil and groundwater reservoirs, as well as, 
building stone resources. Their complicated porosity 
systems impart heterogeneity to reservoirs (Mazzullo and 
Chillingarian, 1992) and strongly affect many technical 
and industrial aspects related to their exploitation. Hence, 
the specific types and relative percentages of pores 
present, and their distribution within the rock, exert a 
strong control on the production and stimulation 
characteristics of carbonate reservoirs (Jordy, 1992; 
Chillingarian et al., 1992; Hendrickson et al., 1992; 
Honarpour et al., 1992; Wardlaw, 1996); salt 
crystallization (Leary, 1983) and on the restoration and 
repair of building stones (Ashurst and Dimes, 1990; Spry, 
1982). 

Limestone porosity can be subdivided according to 
Choquette and Pray (1970) into the following two types: 
(1) depositional or primary porosity; such pores could be 
present between particles or crystals (inter-particle or 
inter-crystalline porosity), or within them (intra-particle 
or intra-crystalline porosity), or formed by gas bubbles 
and sediment shrinkage (fenestral porosity), and as shelter 
or growth-framework pores (common in reef buildups); 

and (2) secondary porosity: which is formed as a result of 
later, generally post-depositional dissolution or fracturing. 
Such pore types include those mentioned earlier (when 
subsequently cemented and later have had all or some of 
that cement dissolved), as well as vugs (large pores that 
transect the rock fabric) and dissolution-enlarged fractures.  

Primary porosity is substantially reduced by 
cementation and compaction during post depositional 
burial diagenesis. Thus, most of the porosity in limestone 
reservoirs is of secondary origin. However, primary 
porosity may be preserved because of the early influx of 
hydrocarbons into pores (e.g. Feazel and Schatzinger, 
1985). Also, secondary porosity in carbonate rocks can be 
formed at, or near the Earth’s surface by freshwater 
dissolution, as well as deep in the subsurface by 
chemically aggressive (corrosive) fluids. Assigning the 
pores to one of these two environments (Mazzullo, 2004), 
requires careful observation, thin-section petrographic 
study and stable carbon-oxygen isotope analysis. 

Oolites are spherical to ellipsoidal bodies, about 0.25 to 
2.0 mm in diameter, which may or may not have a nucleus 
and have concentric or radial structure or both (Glossary of 
Geology and Related Sciences, 1962). Recent and ancient 
calcareous ooids and pisoids have been known in the 
following depositional environments (Flugel, 1982): 
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1. Terrestrial (caliche-ooids, cave pearls, pisoids in 
shallow pools on a playa surface) 

2. Fluviatile 
3. Lacustrine 
4. Marine. 

Cavernous and associated vuggy porosity present in 
oolitic and bioclastic limestones are dominant in some 
building stones (Honeyborne, 1982; Leary, 1983) and 
constitute major attributes of hydrocarbon production 
(Newell et al. 1987; Mazzulo and Chillingarian, 1996; 
Yousef and Norman, 1997; Fox and Albrandt, 2002).  

In developing countries, such as Jordan, where 
sophisticated laboratory tests are rarely performed due to 
lack of facilities, there is the need to develop simple 
estimation techniques by which different porosity types 
and volumes can be measured. This will be of importance 
in exploration projects for hydrocarbons, water and 
minerals currently carried out in Jordan mainly by the 
National Oil Company, Water Authority and Natural 
Resources Authority. In this context, (Moh’d, 2002) 
derived some pore-related properties from bulk density 
and water saturation, and further work on the secondary 
porosity of some Jordanian building limestones has been 
carried out (Moh’d, 2007). 

The present work characterizes the vuggy porosity and 
its volume in French, British and Jordanian building 
limestones using only Vp (longitudinal sonic waves), total 
porosity and water saturation. To calculate the cementation 
exponent (m), there is a need to determine water resistivity 
(Rw). This value was assumed to be 0.005 ohm-m. It has 
been reported (Focke and Munn, 1987) that formation’s 
resistivity factors (and consequently cementation 
exponents) are not affected by the brines resistivity. 

2. Materials and Methods 

The studied limestones along with their salient 
petrographic features are summarized in Table 1. Fifty-
four samples have been studied in the present work (16 
from France, 16*2 from Britain, and 6 from Jordan). As 
far as the studied UK stones are concerned, each reported 
reading represents the average of two samples. Studied 
building stones from France and UK are of Jurassic age 
and one is of Cretaceous age; all are dominantly ooidal 
limestones. Jordanian ooidal limestones are of Recent age. 

Table 2 characteristics of the studied oolitic building 
limestones (after Leary, 1983). 

The results of porosity, degree of saturation, and sonic 
velocity (Vp) tests (Brown, 1981), carried out following 
the BRE testing procedures (Ross and Butlin, 1989), have 
been taken from Honeyborne (1982) and Leary (1983) for 
the reported French, and British stones, respectively and 
measured by the author for the Jordanian oolitic limestones 
(J1-J6). A set of vuggy non-oolitic Jordanian limestones 
(J7-J11) (Moh’d, 2007) has been included for comparative 
purposes. The derived properties include: 

Modified saturation: this was obtained by multiplying 
total porosity with degree of saturation. 

Cementation exponent (m): this was calculated using 
Archie formula and assuming that water resistivity as 
0.005 where m= log (0.005/water saturation squared)/log 
total porosity. This parameter can also be estimated from 
total and sonic porosity for fractured (Rasmus, 1983) and 
vuggy carbonates (Nugent, 1983). 

Permeability: was obtained using Jorgensen equation 
(1988) by multiplying 84105 by porosity index = Фm+2/(1-
Ф)2. The obtained values were found to correlate well with 
measured air permeability using API standards. 

 
 
Table 1 Characteristics of the studied building limestones (after Honeyborne, 1982; Leary, 1983; Moh’d, 2001 and Moh’d, 2007).  

Stone 
Originee Stone  Description 

Savonnieres Stone shelly oolitic limestone, numerous small pockets (6: demi-fine, 7: demi-fine choix, 8: eveillee). 
Upper Jurassic (Portlandian). 

Brauvilliers Stone oolitic limestone with occasional shell fragments and some vacuoles (9: liais, 10: liais marbrier, 
11: doux demi-fin). Upper Jurassic (Portlandian). 

Anstrude Stone crinoidal oolitic limestone (14: roche Claire, 15: roche jaune claire, 16: roche jaune). Jurassic 
(Bathonian). 

Massangis Stone (20) oolitic limestone with shell fragments (occasional siliceous or pyritized nodules). Jurassic 
(Bajocian to Bathonian). 

Vilhonneur Stone oolitic limestone (37: dur, 38: marbrier, 39: roche). 

Sireuil Stone (40) fine-medium, ooliths, quartz, microfossils, matrix: microgranular, numerous small pockets. 
Cretaceous (Cenomanian). 

Terce Stone (50) chalky oolitic limestone. Jurassic (Callovian). 

French 
Stones 

Chauvigny Stone (53) oolitic limestone, micritic matrix with macropores. Jurassic (Bathonian). 
Ketton Stone oolitic limestone. Middle Jurassic. 
Portland Stone oolitic limestone. Late Jurassic. 
Taynton Stone oolitic limestone from the Great Oolite of Jurassic age. 

UK 
Stones 
 

Weldon Stone oolitic limestone. Middle Jurassic. 
Oolitic limestones (J1-J6) from Irkheim Formation, Holocene, hot-water Lake. 
Vuggy non-oolitic limestones J7-J11 
Hayyan Stone (J7) fossiliferous limestone, Turonian (Middle Cretaceous). 
Siwaqa Stone (J8 and J9) Travertine, Holocene. 
Tafih Stone (J10) Crystalline limestone, slightly phosphatic, Santonian (Upper Cretaceous). 

Jordanian 
Stones 

Izrit Stone (J11) red chalky limestone, Eocene.  
 



 © 2008 Jordan Journal of Earth and Environmental Sciences. All rights reserved - Volume 1, Number 1  (ISSN 1995-6681) 25

Sonic porosity: is equivalent to velocity of sound –
141/(28.59); where 28.59 is the inverse of 100/(3000-141); 
141 and 3000 are transit time (in μ s/m) in calcite crystal 
and air, respectively.  

Vuggy porosity and Fracture porosity: are estimated 
from the dual porosity chart of Aguilera and Aguilera 
(2003). 

Matrix porosity is the total porosity minus the sum of 
vug and fracture porosities. 

3. RESULTS 

The results of the present work are listed in Table 2 and 
shown as bivariate cross-plots in Figures 1 to 20. A simple 

statistical summary showing the mean, minimum and 
maximum values of the studied properties are shown in 
Table 3. A matrix showing the correlation coefficients 
between the different variables is shown in Table 4. These 
are usually the minimum values of correlation coefficients 
because in these softwares (such as Excel which was used 
to obtain the correlation matrix here) linear relationships 
are assumed between the variables. As shown in the 
Figures, higher values of correlation coefficients can be 
obtained when fitting the data using nonlinear models. 

 

 
Table 2 Measured (1, 2, 3 after Honeyborne, 1982) and derived properties of the studied stones. 
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Ketton  Old 3450 23.8 0.65 15.44 3.09 96 5.2 18.5 13.5 10.3 
  New 2750 23.7 0.65 15.41 3.08 96 7.8 15.9 13.5 10.2 
  White 2900 24.8 0.65 16.12 3.18 109 7.1 17.7 14.0 10.8 
Portland Independ. Whit 3850 13.6 0.92 12.47 2.57 12 4.2 9.4 6.3 7.3 
  Base 3950 13.0 0.96 12.43 2.55 10 3.9 9.0 5.3 7.7 
 Kingston Roach 3925 19.6 0.59 11.58 2.61 72 4.0 15.7 9.5 10.1 
  Whit 3775 22.2 0.62 13.75 2.88 89 4.3 17.9 13.5 8.7 
  Base 3875 19.1 0.70 13.36 2.77 58 4.1 15.0 11.0 8.1 
 Sheat Q. Top Tier 3900 20.2 0.60 12.09 2.67 74 4.0 16.1 9.9 10.3 
  Mid Tier 3550 20.6 0.59 12.12 2.68 81 4.9 15.6 10.0 10.6 
  SeedyTier 3700 17.6 0.68 11.97 2.61 41 4.5 13.1 8.0 9.6 
  Base 4100 16.5 0.67 11.06 2.50 36 3.6 12.9 7.5 9.0 
  Roach 3300 21.0 0.64 13.44 2.82 73 5.7 15.3 12.4 8.6 
Taynton   3550 23.5 0.69 16.22 3.15 83 4.9 18.6 14.0 9.5 
Weldon  Fine G. 2600 27.1 0.68 18.43 3.47 125 8.5 18.6 15.5 11.7 
  Coarse G. 1900 27.2 0.66 17.92 3.43 133 13.5 13.7 15.5 11.7 
  6 2881 36.1 0.52 18.77 3.92 495 7.2 28.9 22.5 13.6 
  7 2684 34.7 0.50 17.35 3.70 473 8.1 26.6 22.0 12.7 
  8 2702 30.6 0.68 20.81 3.82 177 8.0 22.6 18.0 12.6 
  9 3106 27.0 0.57 15.39 3.19 177 6.3 20.7 17.0 10.0 
  10 2966 32.6 0.54 17.60 3.63 336 6.9 25.7 19.0 13.6 
  11 3045 33.7 0.47 15.84 3.48 493 6.6 27.2 20.0 13.7 
  14 3376 21.9 0.81 17.74 3.21 31 5.4 16.5 13.0 8.9 
  15 3374 20.6 0.66 13.60 2.83 65 5.4 15.2 10.0 10.6 
  16 4282 18.1 0.65 11.77 2.60 48 3.2 14.9 8.5 9.6 
  20 4276 15.1 0.88 13.29 2.67 17 3.3 11.9 10.0 5.1 
  37 4684 13.1 0.89 11.66 2.49 12 2.5 10.6 5.0 8.1 
  38 4259 11.7 0.94 11.00 2.41 8 3.3 8.4 4.1 7.6 
  39 4606 11.9 0.64 7.62 2.07 19 2.7 9.3 1.3 10.7 
  40 2069 36.0 0.76 27.36 4.65 230 12.0 24.0 22.5 13.5 
  50 3332 23.7 0.88 20.86 3.50 53 5.6 18.1 14.0 9.7 
  53 4014 18.7 0.71 13.28 2.75 44 3.8 14.9 5.3 13.4 
  J1 4005 15.1 0.65 9.82 2.35 31 3.8 11.3 5.0 10.1 
  J2 3991 16.7 0.69 11.52 2.55 35 3.8 12.9 6.0 10.7 
  J3 4090 15.2 0.68 10.34 2.40 29 3.6 11.6 5.4 9.8 
  J4 3899 17.1 0.66 11.29 2.53 41 4.0 13.1 7.0 10.1 
  J5 3945 14.3 0.69 9.87 2.34 25 3.9 10.4 4.8 9.5 
  J6 4020 15.4 0.73 11.24 2.50 26 3.8 11.6 7.2 8.2 
  J7 4704 14.8 0.77 11.37 2.50 21 2.5 12.3 5.5 9.3 
  J8 3792 17.9 0.76 13.59 2.76 35 4.3 13.6 9.9 8.0 
  J9 4085 17.8 0.79 14.05 2.79 32 3.6 14.2 10.0 7.8 
  J10 4012 22.9 0.56 12.81 2.81 118 3.8 19.1 12.5 10.4 
  J11 3849 19.9 0.85 16.94 3.08 36 4.2 15.8 11.2 8.7 
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Table 3 Mean, minimum and maximum of the studied properties. 

 Mean Minimum Maximum 
Sonic Velocity 3544.24 1900.00 4684.00 
Total Porosity 21.38 11.70 36.10 
Water Saturation 0.69 0.47 0.96 
Modified Saturation 14.26 7.62 27.36 
Cementation Exponent 2.94 2.07 4.65 
Permeability 106.71 8.39 494.61 
Sonic Porosity 5.35 2.54 13.48 
Secondary Porosity 16.03 8.42 28.89 
Vuggy Porosity 11.23 1.25 22.50 
Matrix Porosity 10.15 5.10 13.70 
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Figure 1 Deriving sonic porosity from velocity of sound. 
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Figure 2 Deriving vuggy porosity from total porosity. 
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Figure 3 Deriving cementation exponent from modified 
saturation. 
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Figure 4 Deriving secondary porosity from total porosity. 
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Figure 5 Deriving permeability from porosity. 
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Figure 6 Deriving vuggy porosity from cementation exponent. 
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Figure 7 Deriving permeability from secondary porosity. 
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Figure 8 Deriving cementation exponent from total porosity. 
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Figure 9 Deriving vuggy porosity from secondary porosity. 
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Figure 10 Deriving vuggy porosity from permeability. 
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Figure 11 Deriving cementation exponents from velocity of 
sound. 
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Figure 12 Deriving cementation exponents from sonic porosity. 

y = 1.8246e0.0288x

R2 = 0.7551
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

0 10 20 30 40
Secondary Porosity %

C
em

en
ta

tio
n 

E
xp

on
en

t

 
Figure 13 Deriving cementation exponents from secondary 
porosity. 
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Figure 14 Deriving velocity of sound from total porosity. 
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Figure 15 Deriving modified saturation from total porosity.  
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Figure 16 Deriving vuggy porosity from velocity of sound. 
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Figure 17 Deriving velocity of sound from modified saturation. 
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Figure 18 Deriving sonic velocity from modified saturation. 
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Figure 19 Deriving velocity of sound from secondary porosity. 
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Figure 20 Inferring uni-modality and bi-modality of pores from 
porosity and modified saturation. 

4. Practical Implications 

In the case of clean vuggy oolitic limestone, and when 
it is difficult to have access to sophisticated equipment, the 
easiest parameter to measure is bulk density, which can be 
inverted to total porosity (Moh’d, 2002). This method is 
used to derive secondary porosity (Figure 4), vuggy 
porosity (Figure 2), permeability (Figure 5), cementation 
exponent m (Figure 8), and velocity of sound (Figure 14). 

 

Table 4 Correlation matrix between the different measured and derived properties. 
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Sound Velocity 1.00          

Total Porosity -0.86 1.00         

Water Saturation 0.36 -0.57 1.00        

Modified saturation -0.83 0.83 -0.07 1.00       

Cementation Exponent -0.87 0.94 -0.27 0.97 1.00      

Permeability -0.61 0.87 -0.63 0.54 0.72 1.00     

Sonic Porosity -0.97 0.79 -0.28 0.81 0.83 0.54 1.00    

Secondary Porosity -0.69 0.96 -0.62 0.73 0.86 0.90 0.58 1.00   

Vuggy Porosity -0.85 0.97 -0.47 0.85 0.94 0.82 0.77 0.93 1.00  

Matrix Porosity -0.62 0.76 -0.65 0.51 0.64 0.72 0.59 0.73 0.59 1.00 
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Modified saturation is estimated from either porosity 
(Figure 15) or velocity of sound (Figure 17). From the 
sonic velocity, the sonic porosity is estimated (Figure 1). 
Subtracting sonic porosity from total porosity gives 
secondary porosity. Cementation exponent and other 
porosity types are estimated from sound velocity. The 
important relations between other parameters were shown 
in the Figures, which are arranged in descending order 
according to the value of correlation coefficient (r). 

5. Discussions  

In Table 3, there are wide ranges in the different 
properties of the examined oolitic limestones. Vuggy 
porosity ranges from almost 1% to 25% compared with a 
total porosity ranging from 11.7% to 36.1%. Sonic 
velocity is also widely variable ranging from 1900 m/s to 
4684 m/s. The almost perfect negative correlation between 
velocity of sound and sonic porosity (Figure 1) is  the 
outcome  of the derivation of the latter from the former. 
Most of the relationships between the different variables 
except those involving permeability are linear or 
semilinear. Cross-plots involving permeability show high 
curve-linearity (Figures 5, 7, 10). These figures reveal that 
permeability is a function of porosity (total porosity, 
secondary porosity and the vuggy porosity). Permeability 
is defined as the easiness with which fluids move through 
materials and it is mainly controlled by pore and throat 
size distribution, and tortuousity of the pore space. 
Permeability should be correlated with effective porosity 
(connected pores and fractures) than total porosity as the 
latter may have isolated or blocked pores.  

Vuggy porosity is strongly correlated with total 
porosity (r = 0.97, Figure 2), cementation exponent (r= -
0.95, Figure 6), and secondary porosity (r = 0.93, Figure 
9). The higher the cementation exponent is, the higher the 
vuggy porosity becomes. Similarly, as vuggy porosity is 
the only secondary porosity type present, it increases as the 
secondary porosity increases. As far as the relationship 
with total porosity is concerned, it may be easier for 
solutions to enlarge the already existing pore space than to 
create a new one. These variables are derived using the 
following equations: 

Vuggy Porosity =  
 0.7847*Total Porosity + 5.5462 

Vuggy Porosity = 
 30.457 Ln Cementation Exponent – 21.122 

Vuggy Porosity = 
 0.9897 * Secondary Porosity –4.6297 

Cementation exponent is controlled by the total 
porosity (r = 0.94, Figure 8) and the modified saturation, 
which shows the volume of water that can fill the 
connected pore space (r = 0.97, Figure 3). The following 
equations reveal these relationships as follows: 

Cementation Exponent = 1.7409 e 0.0238*Total Porosity 

Cementation Exponent =  
 0.4948* Modified Saturation 0.6727 

The permeability of some vuggy and fractured 
Jordanian limestones was measured (Moh’d, 1996) and 
found to correlate well with those derived using 
Jorgensen’s equation (Moh’d, 2007). This indicates that 
this equation, used in this study to estimate permeability, 
yields reasonable results. By utilizing the relationships 
between total porosity and cementation exponent, some 
researchers (e.g. Focke and Munn, 1987) classified vuggy 
carbonates into different permeability groups (<0.1, 0.1-1, 
1-100, >100 millidarcies) based on studying hundreds of 
vuggy carbonate samples from the oil reservoirs of the 
Persian Gulf. The permeability of the examined oolitic 
limestones lies in groups three and four (1-100, >100 
millidarcies) of Focke and Munn Classification. The 
advantage of Jorgensen method over that of Focke and 
Munn's method is that the former gives exact permeability 
figures, whereas the latter gives the permeability group. 

Taken into account that oolitic limestones are 
encountered in the surface and subsurface of Jordan in the 
Cambrian, Jurassic, Cretaceous and Pleistocene (Moh’d 
and Muneizel, 1998; Powell, 1988; Moh’d, 1993; Moh’d, 
2001), the finding of the current study is of interest and 
application to Jordanian geologists. It is hoped that this 
study will contribute to a better understanding of the 
petrophysics of oolitic facies and their subsequent 
exploitation as hydrocarbon reservoirs, building and 
industrial materials, as well as water aquifers. However, 
the findings of the current study are not applicable to 
oolitic facies if they lack any evidence of dissolution 
during their post-depositional history such as vugs or 
larger scale features. Field investigations, petrography or 
petrophysics can be employed to gather such evidence. 
When the cementation exponent (m) value is much higher 
than two, it indicates the existence of secondary porosity in 
the form of moldic or vuggy porosity. Lucia (1983) 
considered that the higher the value of m above two, the 
higher the ratio of separate vug porosity to total porosity. 
An approximation of the uni- or bi-modality of pore-size 
distribution can be easily determined from plotting 
modified saturation against total porosity (see Figure 20). 
Modified Saturation used in the present study is the same 
as bulk water volume used in petroleum engineering 
literature (Asquith, 1985). It is worth mentioning that the 
relationships established in the present work are applicable 
to vuggy or moldic oolitic limestones (with very little 
dolomite, quartz or clay) only and are not generalized to 
other carbonate lithologies without conducting further 
experimental work. In addition, the database (representing 
54 ooidal limestone types and subtypes; each UK sample 
is the average of two samples) is small and larger data 
bases are needed to check the validity of conclusions in a 
larger context. Due to the lack of laboratory facilities to 
measure cementation exponent m and permeability, the 
study relied on published literature to estimate these 
parameters. Although it is desirable to make a comparison 
between measured and estimated values of these two 
properties, it is believed that such differences are small. 
The present study is designed to address the problem of 
estimating petrophysical properties of vuggy oolitic 
limestones when access to sophisticated laboratory 
equipment is not possible, as the case in Jordan and other 
developing countries. This study is significant because it 
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identifies the parameters that correlate strongly with other 
difficult to measure parameters. 

6. Conclusions  

Despite the limited size of the present database, the 
study shows that some easily measured parameters can be 
used in deriving other parameters with strong correlation 
coefficients, mostly over 0.9. Thus, bulk density can be 
inverted to porosity, which is in turn can be used to derive 
many parameters such as permeability and Vp. The latter 
parameter is used in deriving cementation exponent (m) 
and other porosity types. The results are summarized in 
Table 3. However, it is suggested to utilize a larger 
database to check the validity of relationships deduced by 
the present study and to restrict its use to clean vuggy 
oolitic limestone. It is also suggested to carry out further 
research to quantify the differences between estimated 
values of different parameters to laboratory-measured 
values of these same parameters. 

References 

[1] Aguilera, M. S. and Aguilera, R. F. 2003. Improved models 
for petrophysical analysis of dual porosity reservoirs. 
Petrophysics 44 (1): 21-35. 

[2] Ashurst, J. and Dimes, F. G. (eds) 1990. Conservation of 
building and decorative stone, London: 
Butterworth/Heinemann, Volume 2.  

[3] Asquith, G. B. 1985. Handbook of log evaluation techniques 
for carbonate reservoirs: AAPG, Methods in Exploration 
No.5, 47 p. 

[4] Brown, E. T. (ed.) 1981. Rock characterizations, testing and 
monitoring, Pergamon, Oxford.  

[5] Chillingarian G. V., Torabzadeh J., Rieke H. H., Metgalchi, 
M. and Mazzullo, S. J. 1992. Interrelationships among 
surface area, permeability, porosity, pore size and residual 
water saturation, in G. V. Chillingarian, S. J.Mazzullo and H. 
H. Rieke, eds, Carbonate reservoir characterization: a 
geologic engineering analysis, Part 1, Elsevier Publ. Co., 
Amsterdam, Developments of Petroleum Science 30, p. 379-
397. 

[6] Choquette, P. W. and Pray, L. C. 1970. Geologic 
nomenclature and classification of  porosity in sedimentary 
carbonates. AAPG Bulletin 54: 207-250. 

[7] Feazel, C. T. and Schatzinger, R. A. 1985. Prevention of 
carbonate cementation in petroleum reservoirs, in N. 
Schneidermann and P. M. Harris, eds, Carbonate Cements: 
SEPM Special Publ. 36, p.97-106. 

[8] Flugel, E. 1982. Microfacies analysis of limestones, 
Springer-Verlag, Berlin, 633 p. 

[9] Focke, J. and Munn, D. 1987. Cementation exponents in 
Middle Eastern Carbonate reservoirs, SPE Formation 
Evaluation, June p. 155-167. 

[10] Fox, E. F. and Ahlbrandt, T. S. 2002. Petroleum geology and 
total petroleum systems of the Widyan Basin and Interior 
Platform of Saudi Arabia and Iraq, USGS Bulletin 2202-E 

[11] Hendrickson A. R., Thomas R. L. and Economides M. J. 
1992. Simulation of carbonate reservoirs, in G. V. 
Chillingarian, S. J.Mazzullo and H. H. Rieke, eds, Carbonate 
reservoir characterization: a geologic engineering analysis, 
Part 1, Elsevier Publ. Co., Amsterdam, Developments of 
Petroleum Science 30, p. 589-625. 

[12] Honarpour, M. M., Chillingarian G. V. and Mazzullo S. J. 
1992. Permeability and relative permeability of carbonate 

reservoirs, in G. V. Chillingarian, S. J.Mazzullo and H. H. 
Rieke, eds, Carbonate reservoir characterization: a geologic 
engineering analysis, Part 1, Elsevier Publ. Co., Amsterdam, 
Developments of Petroleum Science 30, p. 399-416. 

[13] Honeyborne, D. B. 1982. The building limestone of France, 
BRE, Garston, UK. 

[14] Howell, J. V., ed., 1962. Glossary of Geology and Related 
Sciences: 2nd ed., Washington, D. C., The American 
Geological Inst., 325 p. 

[15] Jordy, R. L. 1992. Pore geometry of carbonate rocks and 
capillary pressure curves (basic geologic concepts), in G. V. 
Chillingarian, S. J.Mazzullo and H. H. Rieke, eds, Carbonate 
reservoir characterization: a geologic engineering analysis, 
Part 1, Elsevier Publ. Co., Amsterdam, Developments of 
Petroleum Science 30, p. 331-377 

[16] Jorgensen, D.G.1988. Estimating permeability in water-
saturated formations, The Log Analyst, 29 (6): 401-409. 

[17] Leary. A. 1983. The building limestones of the British Isles. 
BRE Report Z41/42.HMSO, London. 

[18] Lucia, F.J. 1983. Petrophysical parameters estimated from 
visual descriptions of carbonate rocks, Journal of Petroleum 
Technology 35 (3): 629-637. 

[19] Mazzullo, S. J. 2004. Overview of porosity in carbonate 
reservoirs, Kansas Geological Society Bulletin, 79: 412-422. 

[20] Mazzullo, S. J. and Chillingarian, G. V. 1992. Diagenesis and 
origin of porosity, in G. V. Chillingarian, S. J.Mazzullo and 
H. H. Rieke, eds, Carbonate reservoir characterization: a 
geologic engineering analysis, Part 1, Elsevier Publ. Co., 
Amsterdam, Developments of Petroleum Science 30, p. 199-
270. 

[21] Mazzullo, S. J. and Chillingarian, G. V. 1996. Hydrocarbon 
reservoirs in karsted reservoir rocks, in G. V. Chillingarian, 
S. J.Mazzullo and H. H. Rieke, eds, Carbonate reservoir 
characterization: a geologic engineering analysis, Part 2, 
Elsevier Publ. Co., Amsterdam, Developments of Petroleum 
Science 44, p. 797-865. 

[22] Moh'd, B. K. 1993. The geology of 1: 50 000 Ar Rabba map 
sheet, Natural Resources Authority, Amman, Jordan. 

[23] Moh'd, B. K. 1996. Evaluation of limestone as building 
stone. PhD dissertation, University of London, 
(Unpublished). 

[24] Moh'd, B. K. 2001. The geology of 1: 50 000 Irbid and north 
Shuna sheets, Natural Resources Authority, Amman, Jordan. 

[25] Moh'd, B. K. 2002. Estimation of some pore-related 
properties in limestone from bulk density and water 
absorption, Electronic Journal of Geotechnical Engineering, 
7 pages.  

[26] Moh'd, B. K. 2007. Characterization of the secondary 
porosity of some Cretaceous-Recent Jordanian building 
limestones, Journal of Applied Sciences, 7(3): 368-373 

[27] Moh'd, B. K. and Muneizel, S. 1998. The geology of 1: 50 
000 As Salt map sheet, Natural Resources Authority, 
Amman, Jordan. 

[28] Newell, K. D., Watney, W. L., Ching, S. W., and Brownrigg, 
R. L. 1987. Stratigraphic and spatial distribution of oil and 
gas production in Kansas, Kansas Geological Survey, 
subsurface Geology Series 9, 86 p. 

[29] Nugent, W. 1983. Letters to the editor, The Log Analyst, 24 
(4): 2-3. 

[30] Powell, J. H. 1988. The geology of 1: 50 000 Karak map 
sheet, Natural Resources Authority, Amman, Jordan. 

[31] Rasmus, J. 1983. A variable cementation exponent, M, for 
fractured carbonates, The Log Analyst, 24 (6): 13-23. 

[32] Ross, K. D., and Butlin, R. N., 1989. Durability tests for 
building stone, Building Research Establishment, Garston. 

[33] Spry, A. H. 1982. Principles of cleaning masonry buildings, 
Melbourne: Australian Council of National Trusts, and 
National Trust of Australia (Victoria), p.25. 



 © 2008 Jordan Journal of Earth and Environmental Sciences. All rights reserved - Volume 1, Number 1  (ISSN 1995-6681) 31

[34] The Building Research Station 1983. Cleaning external 
surfaces of buildings, Digest 280, Garston: HMSO, p.6. 

[35] Wardlaw, C. N. 1996. Factors affecting oil recovery from 
carbonate reservoirs and prediction of recovery, in G. V. 
Chillingarian, S. J.Mazzullo and H. H. Rieke, eds, Carbonate 

reservoir characterization: a geologic engineering analysis, 
Part 2, Elsevier Publ. Co., Amsterdam, Developments of 
Petroleum Science 44, p. 867-903. 

[36] Yousef, S. and Norman, G. 1997. Jurassic geology of 
Kuwait: GeoArabia, v.2, p. 91-110. 



 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


