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Based on the extensive studies which have been done, undoubtedly, the role of the wave 
velocity data of rocks in hydrocarbon reservoir evaluation is absolutely vital. Within, it is 
important to study the wave velocities in the Dolomites, which often make up one of the 
best parts of hydrocarbon reservoirs in the carbonate system. Certainly, the texture of rocks, 
mineralogical composition, grain size, percent of quartz in rocks, and many microstructure 
properties affect the Engineering and Physical Behavior of rocks. According with previous 
studies and to better understanding this relationship, a comprehensive program of tests 
on the three categories of dolomite with fine, medium and coarse grained were designed. 
In this paper, the results related to the measurement of compressive (Vp) and shear wave 
velocity (Vs) for 32 samples are given. According to the results, with increasing in grain 
size, density of rock decreases. The compressive and shear wave velocity for fine grain and 
coarse grain samples were found to be 9% and 12% lower, respectively, than those for the 
medium grain samples. The results showed that for fine, medium and coarse grain samples; 
moreover, the ratio of Vp/Vs is 1.81 ,1.78, and 1.77 respectively. It was also observed that 
the dynamic Young modulus for the medium grain samples approximately 15% of the fine 
grain samples, and approximately 27% of the coarse grain samples is more. In addition, it 
was found that a significant change does not occur in Poisson’s ratio of the studied rocks 
with an increase in grain size.
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Introduction

About 80% of the oil and gas reservoirs in North 

American carbonate rocks are in dolomites and 

up to 50% of the world’s carbonate reservoirs are 

dolomites. Significant proportions of the hydro-

carbons in the former Soviet Union, northwest-

ern and southern Europe, north and west Africa, 

the Middle East, and the Far Fast are also found 

in dolomite reservoirs. In Iran, the parts of the 

reservoir of Asmari, Jahrom, and Mozduran For-

mations are formed by dolomite layers. Also, the 

major part of the reservoir rock of Nar, Kangan, 

Aghar and Pars fields is dolomitic rocks. In recent 

years, the determination of the physical and me-

chanical properties of rocks and their relation-

ship with the microstructure characteristics has 

attracted many researchers in the field of rock 

mechanics. The microstructural properties can 

be represented by mineral characteristics, and 

the type, size, shape, orientation, interlocking, 

distribution of mineral grains. 

Wave propagation through rock is an important 

part of subjects such as rock mechanics, rock en-

gineering, geophysics and seismology. In many 

rock mechanics projects, shear wave velocity are 

used as a tool to provide information about prop-

erties or to break the rock. Also, determining the 

shear wave velocity plays a key role in obtaining 

a clearer view of the reservoir, and as a result of 

making the right decisions in the various phases 

of exploration and production. The ultrasonic 

wave velocity in rock sample is related to its mi-

crostructure properties, such as mineralogical 

composition, grain size, percentage of quartz in 

rocks. In recent years, the relationship between 

the grain size of rocks and their physical proper-

ties, such as the density and the wave velocity, 

has been considered by many researchers. How-

ever, due to the existence and effectiveness of 

other parameters in them, the results obtained 

by different researchers are not the same and 

there is still no comprehensive relationship that 

can be attributed to all types of rocks.

The purpose of this paper is to study the effect 

of grain size on physical properties of dolomite in 

northwestern of Iran.

Methodology

After assessing satellite and geological maps 
it was determined that two rock formations 
were suitable for sampling; Soltanieh and 
Elika Formation; in Zanjan province, north-
western of Iran. Three kinds of dolomite with 
similar mineralogical compositions were se-
lected; fine grain, medium grain and coarse 
grain. Compressive and shear wave velocity 
were measured by separated transducers us-
ing a sonic viewer device. Also, according to 
the results of wave crossing velocity experi-
ments, dynamic elastic constants (dynamic 
Young’s modulus and Poisson’s ratio) were 
calculated for the rock samples.

Geological setting of area of study

The Soltanieh Formation is expanded to late 
Precambrian- early Cambrian age in the Al-
borz Sedimentary Basin (specifically in west 
and central areas) in almost 500 Km. Hamdi 
(1989) has divided the Soltanieh Formation 
into five lithological horizons including: low-
er dolomite, lower shale, middle dolomite, 
upper shale and upper dolomite [1]. In the 
study area, based on studies conducted by 
Zohdi et al. (2017), Soltanieh Formation is 
composed of seven parts consisting of five 
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parts of dolomite and two parts of shale [2].

Petrographic and mineralogical analysis

In order to classify samples a compilation of 
classification procedures Gregg and Sibely 
(1984), Sibely and Gregg (1987) and Maz-
zullo (1992) was used [3-5]. In the following 
description of three type of dolomites is pre-
sented:
Fine grain dolomite

According to petrographic studies, dolomite 
type I (fine grain dolomite) is made of anhe-
dral very fine grains to fine grains with in-
tergranular boundary of non-planer. Size of 
dolomite grains in this group is smaller than 
20 microns (9 micron on an average) and dis-
tribution of grain size is uniform in them (Fig. 
1).
Medium grain dolomite

Type II dolomites mainly consist of dense 
and subhedral grains and also intergranular 
boundaries of planer-s. The size of grains in 
this type of dolomite varies between 20 to 
100 microns (42 microns on an average) (Fig. 
1). 
Coarse grain dolomite

Type III dolomites have grains between 100 

to 500 microns (120 microns on an aver-
age). This type of dolomite is made of dense 
coarse-grained mosaics, subhedral and hav-
ing non-uniform distribution size (Fig. 1).

Discussion and Results

Results showed that with increase in grain 
size, density decreases (Fig. 2c). Also even 
though the three rock groups are similar 
based on mineralogical composition, but it 
was observed that compressive and shear 
wave velocity for medium-grained samples 
is almost 9 percent and is almost 12 percent 
more than coarse grain samples (Fig. 2d, e). 
Even though coarse-grained dolomites have 
the least density but compressive and shear 
wave velocity in them is near fine-grained 
dolomite. Basically, with increase in grain 
size of rock which induce decrease in grain 
boundaries in an obvious volume, wave ve-
locity decreases. Observed result in current 
study can be related to non-uniform distri-
bution of grain size in medium-grained and 
coarse-grained dolomites and in fact be re-
lated to big crystals existing in them. 

Figure 1: Different types of studied dolomite. (a) Fine grain dolomite and (b) Medium grain dolomite 
and (c) Coarse grain dolomite from the Soltanieh and Elika Formation
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In this study correlation relationship between 

compressive and shear wave velocity for studied 

dolomite rocks was calculated according to equa-

tion 1:

During previous years a large number of stud-

ies have been conducted in relation to measure 

shear wave velocity from compressive wave. In 

1985, Castagna et al presented some experimen-

tal relationships by using multi degree regression 

based on core data and well depictions based 

on different type of rocks to estimate the shear 

wave velocity [6]. Also Pickett in 1963 based on 

conducted experimental studies on carbonate 

tanks achieved the result that shear wave veloc-

ity in different rocks is a constant coefficient of 

wave compressive wave velocity. He presented 

the ratio of compressive to shear wave velocity 

for dolomite rocks and limestones as 1.8 and 1.9 

respectively [7]. In this research this ratio for fine-

grained, medium-grained and coarse-grained do-

lomites achieved as 1.78, 1.81, and 1.77 respec-

tively (Fig. 2d).

Conclusions

The purpose of this paper is to find the rela-
tionship between physical properties of Iran 
north-west dolomite rocks with grain size. 
According to the achieved results from con-
ducted tests:
1- Density decreased with increasing grain 
size. 
2- Evaluations for compressive and shear 
wave velocity for fine grain and coarse grain 
samples were found to be almost 9 percent 
and 12 percent lower respectively than those 
for the medium grain samples. 
3- Ratio of compressive to shear wave velocity 
for fine grain, medium grain and coarse grain 
dolomite and averages of samples achieved as 
1.78, 1.81, 1.77, and 1.79 respectively.
4- Dynamic young›s modulus for fine grain and 
coarse grain samples were found to be almost 
15 percent and 27 percent lower respectively 
than those for the medium grain samples. 

Figure 2: The effect of grain size on (a) compressive wave velocity (Vp), (b) shear wave velocity (Vs), 
(c) density, (d), Vp/Vs, (e) dynamic young›s modulus and (f) dynamic Poisson’s ratio
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