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Introduction

Well logging provides one of the most powerful tools
for reservoir characterization, offering continuous and
quantitative information on rock and fluid properties.
Moreover, among various logs, sonic logs play a
pivotal role by recording compressional (Vp) and
shear (Vs) wave velocities, which are closely linked
to rock dynamics, lithology, and the pore—permeability
system. In addition, these data are particularly valuable
in carbonate reservoirs, where heterogeneity, complex
pore networks (interparticle, moldic, and fracture
porosity), and variable geomechanical behavior
complicate reservoir evaluation. Furthermore, the
correlation between acoustic velocities and reservoir
properties such as porosity, permeability, and mineral
composition has been widely applied to improve
reservoir modeling and guide exploration and
production strategies.

Compressional ~and  shear  waves  provide
complementary information: while compressional
waves propagate through solids, liquids, and gases,
shear waves are restricted to solids and are therefore
more sensitive to lithology and pore structure. Also,
previous studies have investigated the empirical
relationships between these waves. Picket [1]
suggested a near-constant ratio between Vp and Vs
across different lithologies, whereas Castagna et al.
[2] developed predictive equations for Vs from Vp in
various rock types, with later work confirming their
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applicability to carbonate systems. More recent studies
[3] emphasized the utility of Vp—Vs ratios in assessing
micro-porosity, compaction trends, and flow unit
identification in carbonates.

Despite these advances, few studies have explicitly
examined the individual and combined effects of key
reservoir parameters on both Vp and Vs, particularly
in the carbonate reservoirs of the Persian Gulf. The
present study addresses this gap by investigating the
relationship between porosity, permeability, matrix
density, lithology, and pore type with compressional
and shear wave velocities in the Permian—Triassic
Kangan and Dalan formations. The novelty of this
work lies in the simultaneous comparison of Vp and
Vs responses and the delineation of their distinct roles
in reflecting reservoir quality. The integrated use of
sonic log data and laboratory measurements provides
a robust basis for identifying the dominant controls on
acoustic behavior and enhances the applicability of
sonic data in log interpretation and carbonate reservoir
modeling.

Materials and Methods

This study utilized 418 m of core, 1,388 plug samples,
1,575 thin sections (prepared approximately every 25
cm), and 1,388 porosity—permeability measurements
from a well located in the central Persian Gulf. Plug
samples were cleaned using the Soxhlet method and
subsequently prepared for porosity and permeability
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measurements, determined by Boyle’s law and Darcy’s
law, respectively. Matrix density was estimated from
dry weight calculations and porosity data.

Half of each thin section was stained with Alizarin
Red solution to distinguish between limestone
and dolomite. Moreover, mineral composition and
dominant pore type were identified through visual
estimation and comparison with standard petrographic
charts. In addition, data were recorded either as
estimated percentages (for mineral abundance and
porosity) or on a semi-quantitative scale from 0 to
4 (for the intensity of diagenetic processes such as
dissolution, cementation, and dolomitization). Also,
this approach follows standard methodologies for
petrographic analysis of carbonate rocks and provided
a basis for integrating microscopic observations with
petrophysical results.

Wireline log data comprised 402 m of gamma ray,
sonic, and density logs. Moreover, the acoustic data
were obtained from a Dipole Sonic Imager (DSI) tool
operated by Schlumberger. Furthermore, this device
generates a dipole acoustic source in contact with the
borehole wall, enabling the simultaneous acquisition
of compressional (Vp) and shear (Vs) wave velocities.
Moreover, travel times were recorded by multiple
receivers at different offsets and subsequently
converted to velocity after initial processing. In
addition, a key advantage of the DSI over conventional
sonic logs is its ability to directly measure Vs in
carbonate formations, where strong attenuation often
prevents reliable recording.

To ensure depth consistency, the borehole gamma log
was depth-matched to core gamma measurements
based on correlation of gamma-ray patterns, thereby
correcting depth shifts introduced during drilling and
core retrieval. Following this calibration, all core-
derived petrophysical and petrographic data were
integrated with the log dataset for subsequent analysis.

Results and Discussion

Analysis of the dataset demonstrates that lithology,
porosity, pore type, permeability, and matrix density
exert distinct influences on compressional (Vp) and
shear (Vs) wave velocities. The average velocities
were measured as 5058.11 m/s for Vp and 2802.03 m/s
for Vs. Moreover, dolomitic samples, characterized
by higher matrix density (2.83 g/cm?), exhibit greater
velocities for both waves compared to limestones
(2.72 g/cm?®), despite their higher average porosity.
The relationship between wave velocities and
dolomite content indicates that up to ~50% dolomite,
Vp increases moderately, while Vs remains nearly
constant. Furthermore, at higher dolomite proportions,
Vp decreases whereas Vs shows no significant
change. Moreover, increasing dolomite content is
also accompanied by enhanced permeability. Also,
porosity exhibits an inverse relationship with velocity
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for both waves, with a stronger reduction observed in
Vs. In addition, pore-type analysis shows maximum
velocities in interparticle porosity and minimum
values in moldic porosity, the latter being dominant in
limestones.

Matrix density displays a direct relationship with
velocity: as density increases, both Vp and Vs increase
proportionally, indicating similar sensitivity of both
waves to this parameter. In contrast, permeability
exerts a nonlinear effect. At values below 5 mD, both
Vp and Vs decrease with increasing permeability,
reflecting the absence of a continuous pore network.
Beyond this threshold, Vs increases with permeability,
while Vp shows a slight rise up to ~100 mD followed
by a decline.

Overall, these results demonstrate that the controlling
parameters affect compressional and shear waves
differently. Moreover, lithology and pore type emerge
as the dominant controls on acoustic velocity in the
Kangan and Dalan carbonate reservoirs, whereas
permeability introduces more complex, nonlinear
effects.

The results indicate that compressional (Vp) and
shear (Vs) wave velocities are systematically higher
in dolomitic samples than in limestones. Furthermore,
this trend is primarily attributed to the higher matrix
density of dolomite (2.83 g/cm®) compared to
limestone (2.72 g/cm?®). Although dolomitic samples
generally show higher average porosity, this does
not reduce their velocity, confirming that the effect
of matrix density and framework stiffness outweighs
porosity. The positive relationship between matrix
density and both Vp and Vs contrasts with the negative
relationship observed with porosity, where increasing
pore volume reduces velocity. The velocity reduction
in limestones is further linked to moldic porosity,
which introduces discontinuities in the rock fabric.
Furthermore, shear waves are more strongly affected
by pore type than compressional waves, as evident
from the greater velocity drop in moldic porosity. In
contrast, samples with interparticle porosity display
the highest velocities due to their lower pore volume,
while vuggy porosity yields slightly higher velocities
than moldic porosity because of its smaller volume
fraction.

The relationship between permeability and acoustic
velocity is nonlinear. At permeabilities below 5 mD,
Vp decreases markedly as pore connections are not
fully developed, causing the wave to traverse the solid
framework. At higher permeabilities, Vs shows an
increasing trend, while Vp rises slightly up to ~100 mD
and then decreases. This complex behavior reflects the
greater abundance of dolomite in high-permeability
intervals, which counteracts the velocity-reducing
effect of porosity. Since shear waves do not propagate
through pore fluids, their response is less sensitive to
pore connectivity, explaining the weaker correlation
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with permeability.

These findings are consistent with previous research.
Salih et al. [5] reported higher velocities in dolomites
due to increased matrix density and framework
stiffness. The nonlinear link between permeability
and velocity agrees with the observations of Archilha
et al. [6], who showed that acoustic velocity depends
not only on permeability magnitude but also on pore
network connectivity and dolomite proportion [7, 8].

Conclusions

This study investigated the influence of key reservoir
parameters on compressional (Vp) and shear (Vs)
wave velocities in the carbonate reservoirs of the
Kangan and Dalan formations. In addition, the
results highlight lithology as the dominant control on
acoustic behavior, with moldic porosity in limestones
exerting the strongest velocity-reducing effect due
to reduced density and structural discontinuities,
whereas intercrystalline porosity in dolomites
maintained matrix continuity and resulted in higher
velocities. The relationship between permeability and
velocity followed a nonlinear trend best described
by a logarithmic model. Moreover, dolomite content
enhanced both Vp and Vs up to ~70%, beyond which
the effect approached saturation. Anhydrite contributed
positively to velocity at intermediate concentrations
but reduced it at higher amounts owing to increased
heterogeneity.

The findings underscore the importance of
distinguishing between compressional and shear
wave responses when evaluating carbonate reservoirs.
While Vs is more sensitive to lithological variations
and pore type, Vp primarily reflects porosity and fluid
effects. This interpretive distinction provides new
insight into the complementary roles of Vp and Vs in
assessing reservoir quality. The integrated approach of
combining core measurements, petrographic analysis,
and sonic log data enhances the reliability of well-log
interpretation and reservoir modeling in heterogeneous
carbonate systems.

Future studies should examine the combined influence
of pressure and temperature on acoustic responses, as
well as spatial variability of reservoir parameters at
the field scale. Such investigations would contribute to
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more robust predictive models for carbonate reservoir
behavior and improve strategies for hydrocarbon
exploration and production.

References

1. Pickett, G. R. (1963). Acoustic Character Logs
and Their Applications in Formation Evaluation.
Journal of Petroleum Technology, 15(06), 659—
667. doi.org/10.2118/452-PA

2. Castagna, J. P, Batzle, M. L., & Eastwood, R.
L. (1985). Relationship between compressional-
wave and shear-wave velocities in clastic
silicate rocks. Geophysics, 50(4), 571-581. doi.
org/10.1190/1.1441933

3. Neto, I. A. L., Missagia, R. M., Ceia, M. A., &
Archilha, N. L. (2015). Carbonate pore system
evaluation based on prediction of microporosity
and S-wave velocity under pressure effects. 77th
EAGE Conference and Exhibition 2015: Earth
Science for Energy and Environment, 1946—-1950.
doi.org/10.3997/2214-4609.201413152

4. Salih, M., El-Husseiny, A., Reijmer, J. J. G,
Eltom, H., & Abdelkarim, A. (2023). Factors
controlling sonic velocity in dolostones. Marine
and Petroleum Geology, 147, 105954. doi.
org/10.1016/j.marpetgeo.2022.105954

5. Archilha, N. L., Missagia, R., Hollis, C., de Ceia,
M. A. R., McDonald, S. A., Lima Neto, 1. A.,
Eastwood, D. S., & Lee, P. D. (2016). Permeability
and acoustic velocity controlling factors
determined from X-ray tomography images of
carbonate rocks. AAPG Bulletin, 100(8), 1289—
1309. doi.org/10.1306/02251615044

6. Leisi, A., & Falahat, R. (2021). Investigation of
some porosity estimation methods using seismic
data in one of the South Iranian oil fields. Journal
of Petroleum Research, 31(119), 88-97. doi.
0rg/10.22078/pr.2021.4438.3007

7. Tofighi, F., Armani, P., Chehrazi, A., & Alimoradi,
A. (2021). Comparison of the function of
conventional neural networks for estimating
porosity in one of the Southeastern Iranian oil
fields. Journal of Petroleum Research, 31(118),
90-105. doi.org/10.22078/pr.2021.4318.2957



+? 2 &
QY- axio JFF c0 g 3T NFF o,lois (& 2 T
&% 9) 3 u&’_/,“z g3y allio

e 9 15 Elool D9liie BB
Sl S0 Sld F 9 olaib yo
9IS Tl Wl §- e g 4Tl

ol g0 lolw 97 (ASgi wuzg ¢ Siluwo oyl
ol et o 5 oElS psle SIS i yney oaSils

VECR AN il f) VR FANY e ST f s VEF SN il b

EXVOCS

o)l Sledbl asll Ly (oo glwosls o5gar 5 ol aile,S (5l5e (ol o godS slalpl 5l (S abomelr
G2 Ol bl e )3 aslatily (S 8635 5 (Ssederh Slalllae )0 (e Bl (i 5 S sl Sy o)l
P PS5 B (o) g (B 9 (oS gl L) aliie a8 s 0 VI 5 GBS lawsjl 1 S S L
Sy b e Sle (JBz 5 25l o JAS Gl 5 £9 (el S e Bl g aslo (St cniST obo)|
Sty sl 5l ghegarme 5 SO s VWAA wojie FIA M Lol ash, 15e slosls el 03,5 oo |, zlsal
ool ey 00t 1S ol sl bt Ka 45 aiad o ol gl bl e s oo Sy 3l cwbibime g
oo ey Sl rge s S gl ool 5 I s ials Uy Sal elaKiw 5 oI5 gla Jslss ol
o= 99 2 les ;S oloul (6 )5V Sy Slo (Sign Lado L Lacensglss 50 (6 )9bimm Lol a5 J1> o
Olade ol LS (lels il Lo asls (it Ce e B mD g > 5l 500l slalls 50 (o5 9 (oS5 zo—s
S 292l YL (Kiws (ol loalely )0 09t oo saliin (codle (amlifl asiy) (s 5 48l ialS o s
gl Sy (2205 STk cmrge s 0Ly Sl e 6505 SISt VL Sl sl 5o g e Bl ez ge
bl ol 51 ey Ll a0 5 e s gy Gil38l czrge TV - 090> L Cagly ao s (iliil (izmen 05,5 o0
0ol slonl LYL jolie ;o a5 Jlb o ccils cie 5l lawgie jmolie jo coy il jeae o) gldl b 4 o)
Pl el S Ol sy a Cond 23 glesl 4T ol lis oo g5 g0 aglie ad Ce s ialS (g
oolil E ol 1y Lanatily oyl syl )8 Sl oS 5 5 it , b o Daae STy glosl a5 Jb 45 it s
aslo)S slowlw (A5 2l 5 silwdde Sote 5 (alomoly slomosls Jdod )3 (L5 g (0S5 slmosls 5l s yen

Sl A_Sb

.’ .l...s‘:’ RS éd‘w‘d, " ‘g'u., .a)m

Sl Jsgﬁa»
vtavakoli@ut.ac.ir S i SIl yw ol
(DOI: 10.22078/pr.2025.5747.3556) : Jtuzms awliis



B sen 5 it o

o8 en 5 LSl walS o oyiman [V] ail oo Lagy]
ploul aLizee Sl dlas o o ST 5 zg—n sLsosls
V] aSages asl) sl S slass;low o calise
P 5 >S5 gl Ce s Gl Sen 5 gl
oglgd g (Sal sladiges jl ol oloass yol,
A il poculin Soal sladiges sl o Ko
glol o) m L OhlSen 5 95 2l slaJlw 5o
O ) bt 9 (Smid Sla F0,38 o
Woge JLS lalad pis (izmen g asly S
St 9 s L 0)Fw sl R slie
ey o o) e g cls (ioan L8] ailes S
Shz sleosly plulid g (5 5 (oS15 glsl
i aii ¢ oK g oSy asln S il yo
AP Dyl ool Sl adllas 0,50 e
ee—ar o Sl ollas (ol adoy ol colos
bl Jmlie 5B 5 s Jalse 5 S pm 3T
ol 00 ral.‘x.:‘ =9 as“j‘)’ @‘5’“‘ s
oy i g J B3 lesen ;56 oK an 5 caol
o by et S )5 S e S s
VA 5l G 25 slpools (gl oyl o ass S
J—doss 0590 alizes amlio 3l Jodh Sivs asgal
g oh Dgmmire (D Ege Sat e i pS5e y Sl
as ol d._‘:‘)‘ ladslae ‘6)La1 6LDJ,J.>U u,uLw‘ =
30 (= T Sy e A LB YL cBo
sl sl 5l G 3l Ghes 5Ol
d)l.a_w]_)Lé slaaislw o S eogame olwlil

w Tlgal gl i s

doddo

2 als gla)lpl 5l S plyear olonelr
OBl (S gy il S (Smpdet (ol
sla S 5l goae g aiwsn loools any Sl
R R R R R = LN
S LS lanely gyt sl
= 9 oS5 gyl e S oslail L
Sl byl s 0 (y9xe B
oy g elib S g9 oLl (S
Loosls ol auS oo Lyl ool ps- oo i
5ol Jds ay a5 Al S 3l 0 05
J=l55 aile) Jodss et 55 s 5w
I (S 9 (S g B laslon
T ST JRLINON Y I PR P YD UE FR U W L OY 3
Tlomel ity o (Staon Jdos [V ] 0l 55
(sl JAlES ale) Srse sla Sy 5 S
S e Sl (ol SIS S 5
5 Sl bagplawl gilwange 5 o7
Sk sl gl—l cop djln oo ol 1) 0o
d—ale B Lol L2 0 Sso (olonolx
e lbi ey dasie Jslge a Ce o ol ol
SS—b o Jslss 5 S ol S 0l
2,0 9 el Jlow (JLs sloalad pwa
a1 ome Lr-0] ols (S Fa s e
s Sl jl s (p mee 5 5 5 amle il
Sglie 3 Loyl 5l Jols oledbl i S
F3SLgS Ol 33U ¢ zla—ol ol wglas JJoay .ol
S OlesS (ol dy Sl Ty 99 il 4
2 W 0 0)lge o Riore (S oo LS
Sliios 3356 Pl 00,8 gy 5 e o g0
plosl diione bwgi (S92 glosl 59) 2 g0k
Sl slodis) 1o S5S5UsS Sledbl 5 oo
Aol Ly oSy sl oial s ay lyol o]
) = 9= LS Slalllas
SlaSims )3 (o5 glysl Sy 45 Sy 4

ol A LS slasa




ot 2 5
AV axio AF+F 60 9 53T IFF o Lo ~u_)’,pf,/
k4

ozt )0 play-teen a5l S laaly
wo—e dsln gl 5 Ol 63 G3lFe = e
So=g wloj (SSeal o baosjlw (ol g o
$i—3be slaanlp g o, slao,lus) glg il
(Seal Gl oy gl cgeme gy tio
gloila S aig b oo Jold |y (i yuuil g (ieglgo
iz 33,5 o oaaltia (T 5 sl G Lise
Pt s o S1E gl )8, (o) 29
Silaw o Hl0 562 1 Slosm s Cponl 1 il
£5 1ol il (i oo (ISl |
3 3 gleel Sy 5 (55b0 Dl puss g S
2 093l S oo el B ) (SiFe S A
o el 5o bl ol (a0
G35 alllae & jg 58 )9S (b S5 51 Slovoe
Olaizgs |y Lagl (Sonds i g (Soid slaShs
ool 5o baaislw o 155 508 (9w lanled e
2o o=l gl a8 99 b e zge ailaie Sa st
o8 s asle S 55 plw a poens S LB

Aol asls sl

dilaio ol cyo
Wil L olyma (05 b 8 G am GRS w551
Slz p 2005, 5 0 a5 Vo wlw wed )
34l S S GlaSi s St | (S )l
AP o [RCCTIN SO I I P U BN SN
e $lyeaS 50 By 2 Wil 5l il o
Oty Ly g odgm )8 w9 ails
oy 9 SRk e Oy 59 5 B9 oSl
2w sla g [NV g1 7] wloas a_tgs o0t
Jlsd et ails o o] Gl slaoles 5 By >
Sy Shoe ala g 4y 595 gLl (glo,L3
Lo ol w9t b 5 lwime; slog s
s VA NO) wloas asgi asg> A S g b g
sloasslw St slaasly (g yuee Jlasl [V
s Laasly oyl L5 csl 0 o VI8 5 I8

Wgh a8, 8 s a sy (o35 e S lee

g, Al

Solomwl— e 55w jo a S ols lid mols s,
oot (ol 5 (oS 15 lauglic § JB o ials
ol 45 I 0 was_so sanline YU Lslss Ly
a L 0sls (pwgSas asisy o g w5l yo Ll
S s S g (S0 Cnglie sLalogei (6,518
Wil )3 (S 90 H5ma (B (oS Ese
L s ol Sl A g el
SV 388 olwlid o l) (S 5 Lo,
L ey ,5an g o0ly ool VY] ol oy lis g3sxe
oo o J55 5 (oS5 gl oy
sloaxly o st anailb b, 90 L) asle S
loj e s Slymil jolie 5 (S e Gl >
aS ol s Loyl Gdss mzols oss S Jdos
St o L o e s Sl
S—ds0ep gl glaaxly () 4 Cons VAT
O3S 50 (6,YL CBs TFY Ko o
09— =0 adllas ol o)l o ST Zlool Ce
1yl ce s Blyoul el o gonai b
asle,s gl (Seelis Slogas |l
ol Bara (olal e o Y] aes e ol
szt gl bl )| gl Jdod inghy o
Iz ol S Jelt (e su IS
S Lo 5w glo il g ol b S (e e
3 oY 5 GBS slasisln )3 (L2 5 (o ST5 gl
anlllas (il (555l sl ()8 als (55 0 iy
plete ki G 9 e E95 99 Glojed dmmlie 4
@lassTa ol (Gise cnlS olag)l po plaS e
St Sgliie Sjgohs (B g (oSTS losl 4 S
S 5 S o B Sy slaS iy U
L Ladelos e 8o o aliialejl 5 (olomoly slaosls
ouuS JpuS Jolae jpy c bl a4y g ool i3l
alllae oyl sLmasily s oy oein zloal Lsb)
o2 09SUsS Ll b 0 glesl Galy (Gnin
slrools loolaiwl o xud cgo g izl (- Son
O il oe 5 Loyl 99—t )0 (Fo—o
Sly=sa (VI8 5 GBS slas L 958 oo 4l S



B e 5 ilowe ol

S ag ey auloabools oles ) Si
S 3lay9,8 Sl (St (50 45 C
S yemo K5 KT lagde ool o o518 wjlo
s Lo 3ollae ()05l ) ol a8 8
el joas o il o ol yml o colaiwl 550 5 7,
2l )3 39000 B ()8 w63 slaplone
stlie slassl sl 58 )8 gds 055> slajiS
ool —wl suijlwygye loaY SS& gl
2 sla S 9 Lo e Sl (- Ston Lsl w095 o0
ool iy ol s iy e sl Sl L gae
Ubyo ol alie o 6, Sel oyl 5l oolin
Sladlas ;o (hymdy 9,5 slas luibiwl e

el a3 8 ol ) el

GBSz 5 (e ghaas e Gelwl o s g
K4 5 K3¢ K2¢ K1 S350 azly gz 4y il
99 s S Wl L7 Y] s e SSis
JSiie Laasly ol 0g-d co pepni K2 5 K1 0>y
sde Gizman Sl Sal g aglyd woyjudl |
Do oo s K4 g K3 0 >lg g0 ay oYL Vo
S>ly 5 il s Cmeglys 5l i K3 a sl as
Sladlas .l sasis LSis Cwglgs 9 Sal 51 K4
KON SR JNIUFS IV SYCHIIW RN N & FUIPUE IR GOSN
b sl (B S o Lasaly (ol 5909
a ls il oS i slaas il 5 o
IVEvv] o is o s segles 5 Pl 05—
aslllae 0)9o adlais 4tk g owlidaiz 5w

Ciulf of Chman

Paleozoic
Permian
Middle |  Upper

s

E =
SIE|| & Formation Lithology

o L=

Dashtak Amnhydrite
<2
E L E Dolomite
+

:F% i =5 Anhydrite

Faraghan T

Dolommage-Limeslone BED L i Ll

Drolomite
Anhydrite

Dolomidie-Limcalane
Aonbydrite-Limmesions

Anhydrite

Dolomite
+

Limestone

Sandstoime

Shale

Unconformity  Limestone Dolomite  Sandstone Shale

Aonbodrite

Fig. 1 Geographical location (a) and the stratigraphic column of the studied formations (b).



ot 2 5
AV axio AF+F 60 9 53T IFF o Lo ~u_)’,pf,/
k4

G—Soslail Lcosf" Sy oy 51

e AW S L VPR gy v
> S Sl oaelesa ;olie i oy
Lo Julos )0 5 aiiwe Sis a8 tolejl bl 2

S=ide s sleesls (o slalie s (lgea
JEz a8 3 1S ooli il 3)5 gyl co y
J5 g Sis (5 Al Sl osliiwl Ly ey Sle
Ladiges S_id JE = cwl ool cws 4y Ladiges
S e Mo re Jg—ome sla ool bl o
L5 A°C el slos jo Ladiges lal o jogy oyl jo
039 G I35 Sis sl ()9 4 Ga,
> 9 e 330 S5l L daged e SiS
Aol Sty pwad sl 5, Soslail 5o, 5l ol
S S8 09 el Ly S JB
aSgad VWAA (ol el ol ol awlone dSges
il 3550 ol 5l oaials 5 clmojie 51 S
Lo amlio 5 (Smiudgrn sladedos )0 5 (s

o2l Jsdome alesgay S5 alaie y o 5l e
Sl el S (a3 j5Late ey 50
Lo Sl ao)s 5 g9 03,8 (5570lS5 ) Craglys
SHls ablis (095w See aalllas i La o35
i B E R TN S S WP S NSOV [ WY IR LSRR 0
Lo jlogas Lo Loaiges awslio Loy (poiar &j9—oa
B3 )S end (BT ol s ulide
(st e G253 9 @y eSSl g (2
ol ol Sl oo el B ) JS g9 o
Sisded (S ge Bl L)) Jdo sle
Eo— d dlwn Loosls .o 3,5 |, 3 xlg ol e ) g
oS 303 &gy Ly woaSoalie (S5
obede o Lo g (555 5 La S Sl 3 1)
Sl os gl F Lo b0 g0 c a0,
5 S b bers (Pl ol 6555k slaanl b
& NS e ) e o

S5 (O seglgo

1. Helium Porosimeter
2. Gas Permeameter
3. Routine Core Analysis

s,

L %9, 9 3190
S aSgai VWAA e VA m 5l 5o 0l jo
S YO em s Ly ) 5L ataie 4igas VOV
03l VYAA (iizmen 5 (Cwl 0oy 4y S5 alaido
S35 o gt slaolx 5l (Sl sl 5 9 JSlsS
ol ol olsal .awl oo oolewl w)lé mJ>
J—o5 slsosls ay (lojed cwyws Jdoa
5 S5y Lozl mals (S5 ablie oy
9 @J‘)A C‘H‘ JAL.J-AJ) @5...«4 LS)L.MO[? C;l_moolo
.))_w ol_> u_i_))_:)_fj.ou u_:‘ W) Pl_?u‘ (LS"'")_’
(S 89y slwosly s 5B awolie Sl
505l e0, S ol 3] (S 589y 5 ewbt S
03503 (6 =5 gl mll )o ol Ol
s Sl g, a0 S sladiges .ol
4 @‘5‘)..: 9 J_?tl?u t_gl._b(_g).jo)‘du‘ 6‘)‘"’ 9 03—
L}_?;l.?o RO Os)l_AT b.w)‘o 09_:L9 9 L’L_:y 05—’L9 L}us)
Core g5 "pyda w555 oo 5l oolawl Ly
6)_50)‘.\4‘ J_>9.: Qﬁ_’b 4_$l.: —9 Lab—CMS 300
5 )d ool g (9B el iams S
el gl Jlate el slos Loyl )l jo 55
B o G 9 2 e e Tl (g ol 0
oo 5B )5 L 0O S ol Job
od—d ploul A dlio o)lg0 ;o Az pac g o5
Y)lf C'“-“’cs"ﬁ‘)‘ Ko )‘ oolai_wl L; @‘9‘)_3 o]
oyl 9B Wl 5 Core Lab—PERG 200 g4
= A4S 0SS oo ol ow)lo el as (oS ol
5 Sl Jl 69,515 L oS 5,28 (LaolS
Hlad b Sis lea i,y Jow (imlosl ol
L adiged oo o oolar wl oo 3 )08 (599,9
Hlad Jlael s g o lasbiwl o8 olosl Ll, & 5o

Sd Jlaae ol ol 6 ,—Soslail YO« psi sguxe
olS g Ladiges S= LSO Lhas> g laieas Ld 0o



B 5 ilowe oyl

S 6 S o3l YAY/e mis Ly ol vs Ce s
W e I s 40 s gieonlys slnisos
(g/em?) S ol sladises Ly awslio ,o «(V/A g/lom®)
Wi oo Gl mae 99 ;b 50 (6 ity Sae s VIV

Mo 55-bds VP ccoglsn .0 sgu> L aS aas 0
ol 9d yidon ol L e 5 00b 0 il
deoys il ale oo ol Ly 45 Vs g ialS Vp
el ol e ool a8l L e Caglge
8 bl e g 90 0,0 S ST il
el Vp 5l s i Vs jo ialS ol Lal g 0
C s (g3 o &S Mo s J S5 glgsl oy o
J_‘J'd.‘iﬁ)b G u.a;wfj G‘M‘QWJ—"LL’U)‘)
slodisges yo Loes S S oo odnl i B

3,8 049 Sal

(B il L aS g sbay oy Lis |y puii s
o aS GlasSa el ce s b Ja S8 ]
(8l oS Ce s HmD 5l S sla ool
aig, Vs lage ol 5l SYL sl olsl s jo Lol
Sl o] S5k z=bo ol ol s ialS e
09 oS lel bl e )08 Sl as
ML}M&_Jjww&uuﬁoés_’QjL_ﬁc

Ssle (Yl g S slaaijlw a sl S

el S
5 S p—ten slo el 5l (S ol A
oS 55 90 (Y] il oans S ) 5

1. Dipole Sonic Imager: DSI
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Table 1 Comparison of geological and petrophysical characteristics of limestone and dolostone samples in the Kangan and
Dalan formations.
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Fig. 2 Cross-plots of dolomite, limestone, and anhydrite percentages versus shear- and compressional-wave velocity.
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Fig. 3 Cross-plot of dolomite percentage versus permeability. Based on this plot, permeability shows an overall increasing
trend with increasing dolomite content in the samples.
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P-wave Velacity vs. Porosity

S-wave Velocity vs. Porosity
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Fig. 4 Cross-plot of porosity versus compressional-wave velocity (a) and porosity versus shear-wave velocity (b).
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Fig. 5 Frequency distribution of the studied samples across different porosity classes (2% intervals).
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Fig. 6 Cross-plots of shear-wave velocity (a) and compressional-wave velocity (b) versus matrix density of the studied sam-
ples in the investigated well.
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Fig. 8 Frequency distribution of pore types present in the studied reservoir.
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Fig. 9 (a) Moldic porosity in limestones, commonly resulting from aragonite dissolution; (b) interparticle (A) and intraparti-
cle (B) porosity; (c) intercrystalline porosity in dolostones; (d) fracture porosity, partially filled with anhydrite cement.



- . FA &
AY-NY axivo NF+F 65 g ;5T AFF o,les ;,&1_/}/
k4

gy lic WA

(o 0

5 o155 b sloagss ey o JA 5,6
3 sl 4l S y5lSie 40 e 99 (] dalie
S, sl sla Sauoen Jds an o5l ol
2555 0 13 G565 sle el il s sl
oyt A 5 3 ol bs sl (gl S

el Jalge oy

sloadiges )3 (b g (oS15 goe i Lawgie
T S) el (Sal slniges ) i aglys
Pt g Sl JEz el ol S () Jguz
Sl og2g Lo il Sl d Cad Cmglgo
S (5 ity J 55 Langio saglyo (slaaisad
=l o=l Ll OV Jsaz) asls Sal sladiges 4
Sl oo Ladigad oyl o Cepns ialS o
bagie il 035 ity o ple JEz 80
25 VIV glem® Sl sloadiged ;o e jlo JE =

el YIA glem® Lacowoglge

«(A) i.MJS S Lglmla e lons (o wilonds faie oo @
Lgl:\.a)f Lgl.mj{:t.» f ®B) wlf «(A) s’-’)ﬁgsl"

ojre pgal (5 ¢ gyl aws &

Syokom sl
Lo...u.t (C) Ls“:b‘bu})é Lo.»...u ‘).aiu.u 9 (B) ol J} S
fm Lo.w: |o).:.a).>5w (a‘LgoJ.o}Lng

Fig. 10 (a) Moldlc porosity interconnected by intercrystalline por051ty, (b) large interparticle calcite cements (A), dissolved
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(d) vuggy porosity; (e) core image showing extensive anhydrite cementation; (f) core image illustrating moldic porosity.
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Fig. 11 Cross-plots of permeability versus shear-wave velocity (a) and permeability versus compressional-wave velocity (b).
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