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Summary

Lamé parameter (A) and shear modulus (i) are two most important parameters in the
identification of fluids and reservoir rocks. Lamé parameter () is sensitive to the fluid
within the rock fabric whereas i is sensitive to the rock matrix only. The combination of
these attributes allows more accurate separation of the rock and fluid effects in the
reservoir.

Wilkens et al. (1984) gave ultrasonic velocity values measured in single crystals of
quartz and calcite. They reported values of about 44 GPa for the shear modulus of fused
quartz, and 31 Gpa for calcite. They also measured A to be about 8.4 Gpa for quartz and
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55 Gpa for calcite. Lee (2005) reports measured values of 44 GPa for the shear modulus
of sand, and 38 Gpa for bulk modulus (Lee, 2009), for which the value of Lamé
parameter (M) is 8.7 GPa. Helgerud et al (2009) calculated the shear modulus of gas
hydrate to be 3.49 GPa (at 11°C and 1MPa). Goodway (2001) argued that the value of A/p
was a more sensitive indicator than A, Ap, Vp/Vs and Poisson's ratio. Goodway
demonstrated that how LMR (Lambda-Mu-Rho) analysis could be used to identify gas
sands. The gas in the rock does not affect rigidity and it has low values of Ap. The
combination of the fluid compressibility along with the mineral properties and grain
shapes result in different LMR values. Using petrophysical parameters to scale the results
of LMR analysis, 3D seismic volumes can be converted into lithology cubes. Neither A
nor p are powerful lithologic indicators by themselves, but used in combination can
reveal a great deal about lithology. Gray and Andersen (2000) demonstrated that how
LMR cross plot analysis could be used for lithology discrimination. Different lithologies
can be identified by cross-plots of Ap versus pp. Perez and Tonn (2007) were analyzed to
model the LMR response of various reservoir qualities and fluid fills. LMR response
separates shale zones from highly porous sand zones. Shaocheng et al. (2010) analyzed
the equivalent isotropic elastic data of natural rocks in order to characterize A values for
common types of crystalline rocks in the Earth's crust and uppermantle. In the A-p and p-
A plots, the main categories of lithology can be clearly distinguished.

In this study, log analyses were used for a well from the South Pars gas field and the
analysis of DSI was used to estimate shear wave velocity developed in a relationship with
A, u and LMR. The reservoir zone of South Pars field consists of Kangan (K1 and K2)
and Dalan (K3 and K4) Formations. Compressional and shear wave velocity values were
determined for the estimation of Lamé parameters (A and ) for the reservoir zone. The
crossplots A/u were used to identify the gas. The ratio A/p and the crossplot difference Ap-
pup provide some information about the presence of the gas in Kangan and Dalan
Formations. The computed average Lamé’s constants, A and p parameters in Kangan
Formation in K1 are 36.19/Gpa and 31.25 Gpa and are 32.59 Gpa and 27.02 Gpa in K2,
respectively. Also the average values of A and p in K3 layer are 33.79 Gpa and 29.59 Gpa
and 25.32 Gpa and 24.63 Gpa in K4, respectively.

Keywords: Lamé parameters, LMR, DSI, A/p attribute, Kangan and Dalan Formations

S Joys Blalin L@ oleT Cowsay 5 ke
Sy 55 (Yeun) o il g L;;.;..w\ Soglize Ay alie
LMR (52,5 ghie i oslinal L o laeSn oSS
o5 $T Dlaios Ll plndl 4 6305 Sl 2
3 ele Sl S Gleme pup s Ap S sl
Rl 53 cpl S 5 bl i s ka e oSS
ﬁjgﬂi'@‘ﬁ—‘ﬂrﬁ&u&&:{aﬁwjxﬁ
AP o ot 4 S S wsle iy, (T0Y) S
LS i 1y LI5E Glaanls s LS s P

S8 sty i dade (V1) 0K 5 o1 Ss

awdae

ColesSTt s B SIBE A Sl eyl Ol s gy 2
ol 8, (140)) e ol g s S8 5 o
o b5 Solns 5 Jiulinio 0LiS slalas (55
S dske 535 S 5T Jlw leds gLl
3K (gam Jsde (535 (edls 3T I8 on Ll ol
OAF) 0L 5 Sy sl asls A aY zelyl
SN Gpa i ja LodS 5 51 Sl 1 A e

Sl ly oy Jode e T L5, 5T Cawsay 00Gpa

3lie L3 S 5axi ¥ Gpa CondS 5 FF Gpa 5,18


www.sid.ir

AO

Ol g 036ee 51 S ;3 LMR 5 aaY (gla el s

v, = 3 Aol 5 ga 5 o)

Vp Z\/z, LMJ\:»' DL (V)
P

Csobs (B g b (e ge Lo g dal) Groean

el

Vo= ﬁ’ ")
o Vs 5 dsb o8 Lo Vo oK JEs p oS
C33 JL“";‘;LQLAJ:“‘)‘:’, A.EJ\) g;M\di...wJJ gs‘:'J" Cjﬁ
Ll 5 ot anY gla eyl L Cyy
Cs;=A+2u, )

Cu=pu, )

Oyt Ogul sy o b Y gladge dlal)y i

Ll 3
o=A/2(A+ p). %)
b oS 5 00 o daly 3 Slaes bote Sl

R e P R P R R L B

(o)

/¥4 Gpa Ll s a2 55 VY Glos js wilyus
Cotla Labin 45,8 Oy g Slidos dis)s] Cuwsas
S8 Shanl lulia 55 350 25 A bl o
o) omm cmemen s b L 5wl S cleeK )
P G P RS RO S e P

(V) 0len 5 Ko 58) ool g

LMR ;5 as¥ la sl ¥
(B) KL gladsde L oasle o5 SO o glis
B dade ash o e (W) (35 5 (K)o
S5l 50 6 88 Sl S slis o g
AV JS0) &S or Joms (55

A e W e 5 W) aY il
Bos K Gladsde S o adde ) oK Sluis
4y bew 1) S5 s WS15 il Ce e
B SliS ol 4 S5 n L S o
To e 3l S (w5 Ko 5L)
Cos 0T SO Canglin b oes ¢ 5 WST15
Sl OT B b bt e SSn ) sty 5 42l s
Y oK 5 SSL)

i

|..‘_P1

v |-

| P2
Can

“ T,
AP =P, -Py

Av = v21

()

A



www.sid.ir

WY ¥ oyled o o (Ol ¢S b 555 dloee

A With a background relationship: Vs=BVp-A
A Ip=0.19 b A=l s
= <, Vp/Vs=1.7.
Vp/Vs=1.48 s e P
j
@

f I
. Background Cloud A ip=2
-]
&
& / g
g | Hydrocarhon (Overpressure?) effect
o )
& f o
£ [ B wcon [ on g ] o
N ’ - A/p=23
£ Vp/Vs=2.08
£

v

Lambda Rho (Gpa*g/cc)

(yoay ‘j;j)i)JK{}MY@&}.«!)QLQ.@M;QLMRJ&J;&LX Jse

93 el B VPIVS o il A s S
CORRCIM FTRS RIS [ J2 S o MNP G PN Ol
el N3 51 568 S Vp/Vs

0 SN a5 Jgde 55 edd sdalin Ol i
23 Ol peis &5 Jlm s (Sl dal el Il (6] gies 35 40
oS ) 35 B DL ppata bl
Slgoe 55 Ol 5,40 5 Sledbl ls Lly
33 oemer (1844 OLKer 5 s ) LBl Jle
Sl sl Il L s e ol sle,lis
b o

sl i) L AVO s Sl elesl I
O Sladl 5 Ope SSin (Ssdsp ol
(sl 6;) Syei ALl L g e Ol
g5 MP o AP s glaie oy L (V0
O UK sl Laks Ol 1 beK

ol [A+2u 2 2 00 0]g
A 242u A 00 0|y
A 0 A+2u 0 0 O] &y
- 0 0 u00|le ™

S

0
0 0 0 0uo0|g
0 0 0 00 ulsg

g o oolizal (U 5 A) ae ol 55 5l Slwlows 53
Sl 53 K5 Sl 55 Koz Jadke s M iman
b JSe s e Bt 5 dole 6l (SO
a5 1) KB 53 o 05 o2 53 mX K 5 o

1l 5 JSE 4 0T ble e Slo 5 S 0

K3 g 21 g 2 G
3 3 3
K2 g A g 2B
3 3 3
K2 g L g3 o) )
3 3 3
0 u 0
0 0 0 0 u 0
|0 0 0 0 0 u


www.sid.ir

AV

Ol g 05l 51 (S 53 LMR 5 aaY sl alyl e

0 S 55 oy Olaj > OVl L5 ST L s eSS
LSJ-;{ T o Cawday LM..\J,;? o dlos 1S Hgloes
b oY slo ol et sl a3 e s | s
e e ) S 5 (S (S5 sl Glale
aY gl il s 6l gwlie 15 DSI 4 s

J‘,&@u}w

Cou f
Tl Sale sl eslizal b SLasT ol &S5 sl p
2> G el s Y gl S (WSS
Job G el b b oy ol Ol
SB 0Vs 5 (K2 5 K1 sba) oS glads;la
UP AP sl Klis emman .ol (K4 5 K3 slanY)
polie V Jadr 3 o Lds awlie 5 awbee MU
AP sla Silis s [ 53 Jsde s A sl byl :SLs
aslio 5 drloes 015 5 OIS Gl 55 ML 5 Up
SHP AP sl Sl 5w gl bl SKibe i
58S Kos oY an b awlie ;5 K4 &Y 5
PRP AP sl Kl 5 4 sla alyly o Sibancad
35wl jéfjk Ji;_: oY aw b awls ;5 KL 4V
3 & ) VUGA 5 ML i dh (slagls gai ¥ IS
Alodd auslae (KT 4 53) Gos s (G j5me 4L
e s A olie S jtra Y 5 CallY ol IS5 s
33 MU G Cpimmas Lilodds onls Olis (W) &
33 Lok awslis (- K& ,3) VUGA Cal I
30 Al SRIBVUGA mlly 8 gla i
Sl 3l als W) Jlw Kol Sldie G puo
P03 Al by S5 s sl e Sl (See S
(ot 03050La5 o b ab gy e sla IS 51 eSS

Shanle Bp s Ap b8 dblie Glagaly L L

OS5 sk plae b s L oawlie 5o Li53E
S5 5 B ol ol era b oS5
S ABTL 558 0 LMR Sglize gl 4 oo Laails
oy b Ol e bl 5 wliscKw j5 ol ol

J‘J)\J;w)jé‘)fb\.@;'rw_};;%dw‘

DSI o,& ¥
s Sl ke bl lagelr slae S
Camome ) By 5 Bale (K58 Sl s
& S ol (slas )0 S 58 5 s s e
55 &S Cleopla bl ol i sl loj ) slaesls
WY B 5l ot pole ol (slajlsses
b 5L ks Jou 53 wpie 6,5 eIl
-g'-i)‘-’ (S s (S0l

b Alris S lose byl 51 S DSI
Oy oo 0T 1 eslizul b &S ol 5L &SSO y5
Omen 381 Casar |y (B s (WSS sl Ry
gl g adgl s mlide Kl 3B il ]
e 53 63 Klaenl g 5 b SanSls e o1yl 5
lodzu 3 51 (oS5 Jold Ll ol AST e
5 S5 glael Ll ol bl (aBgs 5 (GhSeSS
b SN Gber e g5 S gl
Jjgux;ut\jlﬁsz;,g&;dflduaﬁ
e Sl gladiile y3 Lsds S el Ll
o b5 358 g0 dd 5 oS el 6 L BT oy
A g S S5 oS Ll b S s
slazel 53 5 S o S o ola o)l g3 (g 0 skian s
e Vs Co g b e le S ke fumd 53 ol oyl gs
(S 3 Lo 8 4 ol oyl Sl zae 5 Ssd o

ol S L 1, 0T Olg o 5 3sbee o (S zoe


www.sid.ir

WY ¥ oyled o o (Ol ¢S b 555 dloee

M

VUGA (viv)

00 01 02 03

Depth (m)

(3

)

(=]

W (Gpa g/ce) . (Gpa glce)

0 20 40 60 0 20 40 60
1750 2750
2760 2760
1770 1770
1750 1780
2790 2790
2800 1800
1510 %10
1820 2820
1830 1530
1540 1540
2850 2850
2860 2860
1870 1870
1850 1850

) ()

22302) (VUGA) 0350 53 58 pam () 5 MU e () ot 2ok () A el () KT Y s Goe o sl glals e gl ¥ 03

w
in

(S5

0
T T T v T T

60 40 20 0 20 40

A p-pp (Gpag/cc)

60

80

(&)

(ool jaseis ol L)l (.sk/u s 5543 VUGA &

100 -
=049 Mu=1

80 .I ".

60 ’

H P (Gpag/cc)
o
N &
.\
\
\

50 100

hp (Gpag/ec)

Wi 2N
T eV, ;(P'": |

Au=2

150

(D

AP P o p MU i () 5 AP e P (D KT Y s ol slajlssns ¥ S

WWW.SID.ir


www.sid.ir

A

Ol g 05l 51 (S 53 LMR 5 aaY sl alyl e

L6535 OV Vs 5 OIKS sbadizlo o ML s P AP (sla SLzs 5 aoY slamel )b o Sile oalie Y g

by by
Gpa) | " (Gpa) PGpagreo) " Gpa greo) ol
K1 36.19 31.25 103.70 89.46 1.13
K2 32.59 27.02 91.23 75.78 1.21
K3 33.79 29.59 95,77 83.97 1.14
K4 25.32 24.63 71.52 69.46 1.02

IS s e 0513 0L K2 4N (gl (P o
Celodd S5 ML cnm s AP-UP 5,5 ks F
5855 S STMY 3an KL ¥ b awlin 55
B spdm g g r oS o I 5SS AP-pp
b F S alie 1ol 28T Bk oY ol o
2 opSae lpe & edd jaie ooF K4
Ll K2 a5 zi KT Y
VUGA s Mt b b oo,0 dblis V I s
SV K s bles awslis (K3 4N 3) Ges s
03,51 (W) 53 Jste -V JS& 53 s Azl Ll
L Gas i ML o 2V IS s L Clods
53 Lok duslie (=Y IS 53) Ges - » VUGA
as o Ol L5180 STVUGA Hls s 5 s Lo
LS ) cuwlesl Jals Wp) Jie Kl
sl L e Ly o a5 (Cwlodd osls Ol o Lo
e CFA JS 53 il (15 cnl 53 ey g S 55
03,51 (UP oy AP Slx) LMR 5 e

ol

Ap i) IMR (gbje phie (al-F S5 s
@ a5 b Clodd ol QLU KT 4Y 55 (UP s
MU =¥ s Mp =\ bobs wasb 5 MU ol
I R Y B AT
D3 S i g L5 r AP S S ki
0313 LS ML o p AP-UP (5, plaie ¥ JSC
23l Glodas idw &S 5sd o cdalin Coledd
Ao ) e S AUP 5 Kl 5eSe S M
23 sl Y ol 55 58 sl dge Ll s el
o = 3 VUGA 5 ML (L A slaylsgas & S
55 58 bl s Cwledd esls Ol K2 aY ol
ST ML e 5505 2153 VUGA & sla i
23) AL Ly STo o sl Lige Llge 5 aBl
Gl K s (Calodd 0310l o L S
o313 Ol (W) (o3 7 Jote -0 S5 53 5 A byl
VUGA 5 (-0 JS& 53) ML S imen Ailodd
il & 515 lie 5,50 K2 0¥ 53 (5-0 S5 )
Ap Sl i) LMR (o5 shis lbf S8 s


www.sid.ir

WY ¥ oyled o o (Ol ¢S b 555 dloee

VUGA (v/v) iy M (Gpa g/cc) ».(Gpa g/ce)
0.0 0.1 0.2 0.3 01 2 3 0 20 40 60 0 20 40 60
2870 2870 2870 2870
2880 2880 2880 2880
£
L=
el
S | 2890 2890 2890 - 2890
o ——_
2900 2900 2900 - 2900 -
2910 2910 2910 2910
2920 2920 2920 2920
(5) @ (<) (alh)

S obges) (VUGA) 055 55 58 ez () 5 MU o (@) #zbl (2 Al (WD K2 0¥ 55 Gos ol slajls 50 aglie O K3

(Cslodds jaseia farlas b s 8l MU cs 5 YL VUGA

25
) : Au=2
- 9 In

15 ‘e ./ a

o ter ’ g

3 / 2

~< " ,! by
ot 0s

“ -
60 40 20 0 2 m 60 80 150
Ap-pp (Gpag/cc) Ap (Gpag/cc)
( o ) (N

PAUP o W () 5 PR 2 PP (D K2 Y 3 ol sl jlsses £ S


www.sid.ir

a9

Ol g 05l 51 (S 53 LMR 5 aaY sl alyl e

Depth (m)

VUGA ) n Jt (Gpa glec) ). (Gpa glee)
00 01 0.2 03 L] 1 1 " W 40 6 0 20 40 60
910 - 2910 - 10 910 -
1920 910 1 2910
2930 T 93— 2930 930
940 2940 1040 940
2950 2950 1950 2950
2960 2960 1960 - 1960 -
970 2970 X 970 -
1950 2980 1980 1980
9% 1 9% ik 2990
3000 000 L oo
CY —— I 010 3010
3020 oo e Jozo
3030 el | T R 3030 3030
3040 40 0 3040
S @) (o) ()

(VUGA) 05 50 38 ez () M s (@bl (o) Al () K3 4y 53 Gos ol lajlsped anslin VIS

(Clods jasein fporlas b ls (8L ML cans 56 VUGA & L Gas)

A/

-60

-40

2 0 20
A p-pp (Gpag/ec)

40 60

80

K p (Gpag/cc)

100

Ap (GPag/cc)

150

(o)

()

AP PP o ML i () 5 AP o P (D K3 Y ol slals s A S

WWW.SID.ir


www.sid.ir

WY ¥ oyled o o (Ol ¢S b 555 dloee bl qy
VUGA (V) M I (Gpa g/cc) . (Gpagice)
0.0 0.2 0 2 0 30 60 0 30 60
3040 - 3040
2060 - 3060
£
= 2080 080 -+
o
@
(m ]
3100 - 3100
3120 a1
3140 140
2160 - 3160
3180 - a1s0
am 200
(3 (C) (&) (adh)

Ly JLLA‘_}«:«) (VUGA) O 53 58 N (5) )7\./” < (G) el (&) &J.:.al)l.; () K4 oY 5 Ges oy ol sl 15 g 4 lie A Ji.z

o

o

A/p (Gpag/cc)

-60 -40 =20 0 20 40
A p-p (Gpag/cc)

60

80

(o)

clodds Gaseia farlas b s b MU e 5 YL VUGA

K p (gpag/cc)

100 1
A/u=0.19

100 150

Ap (Gpag/cc)

()

PR UP ML s () 5 PA o UP (DD KA Y 3 ol glajlssns Ve S

WWW.SID.ir


www.sid.ir

ar

Ol g 05l 51 (S 53 LMR 5 aaY sl alyl e

GL:.A

Berryman, J. G., Grechka, V. Y., and Berge, P.
A., 1999, Analysis of Thomsen parameters for
finely layered VTI media, Geophysical
Prospecting, 47, 959-978.

Gassmann, F., 1951, U" ber dic Elastizita™t
poro“ser Medien, Vierteljahrsschrift der
Naturforschenden, Gesellschaft in Zu'rich, 96,
1-23.

Goodway, W., 2001, AVO and Lame’ constants
for rock parameterization and fluid detection.
Recorder, 26, 39-60.

Gray, F.D., and Andersen, E.C., 2000, Case
histories: Inversion for rock properties, 62th
EAGE meeting, Conference and Technical
Exposition.

Helgerud, M. B., Waite, W. F., Kirby, S. H., and
Nur, A., 2009, Elastic wave speeds and
moduli in polycrystal-line ice Th, sI methane
hydrate, and sII methane-ethane hydrate:
Journal of Geophysical Research, 114.

Lee, M. W., 2005, Well log analysis to assist the
interpretation of 3-D seismic data at the Milne
Point, North Slope of Alaska: U. S.
Geological Survey Scientific Investigations
Report.

Lee, M. W., 2009, Anisotropic velocities of gas
hydrate-bearing sediments in fractured
reservoirs: Scientific Investigations Report, U.
S. Department of the Interior, U. S.‘Geological
Survey.

Mavko, G., Mukerji, T., Dvorkin, J;; 2003, The
Rock  Physics  Handbook, @ Cambridge
University Press.

Perez, M. A., and Tonn, R., 2007, Reservoir
modeling and interpretation with Lamé’s
parameters: A Grand Banks Case Study,
EnCana Corporation, 150 9th Avenue SW,
Calgary.

Shaocheng, Ji., Sun, Sh., Wang, Q., and Marcotte,
D., 2010, Lamé parameters of common rocks
in the Earth's crust and upper mantle: Journal
of Geophysical Research, 115, B06314.

Wilkens, R., Simmons, G., and Caruso, L., 1984,
The ratio Vp/Vs as a discriminant of
composition  for  siliceous  limestones:
Geophysics, 49, 1850—-1860.

O ML a2 AP-UP (o5 8 paie oA JSC 5
Bk (5,8 blin 8 Ko 5 rmmes ol 031
duslin 3550 (K4 4Y 3) Gos e, VUGA 5 M/
I s s b Calld K s ol @ 8,18
T8 UKE Ll edesls Ol (b7 Jade Y
ewlodd awslis (-8 S 53) VUGA L VL Cs
ol 4 VUGA Hlsses 51 gla w53 50 el )s
M ialS Kl (G e dul) 545 0 oalie
Ly s opl 53 Wy STa,in ) gim Ll o 45 ol
(UK s e ko A1) AT L

33) Gof = p VUGA s ML C L A sl s gas
Gl S s biledld sl Ve S s (K4 Y
o\ S s Caledll 0313 DL LMR (5 5 oo
S Clos sy g ML o s AD-LUP o5 —
Sl 5 58 S M polis I lodae i3
b oA sla S alin b ool Y nl 3 58
53 W) 525 5 s Ol 48 555 g0 padetie Ve IS
Szt gl #dly > .l K3 oY i K4 4V
Ol oV s oA o o F b ISl T
aw 3l mio K4 4N 55 bayg S oy Ol &5 das o
.C_Mljfi.a oY

srSuns b

3358 e slasls e 5 Jow SIS anglie -y
53 o S Sk b o5 By e slaeY
as o Olisly bl xig

Condss Kiw jl idu LMR Sl oSKS'a Y
Clods it

O KA 4Y 53 hp-up w2 M oo 0 plaie -F
Sl a5 S 5 LKA 4 Y Lol Ol 457 das e

-¢~““f<1° sbay 3l i


www.sid.ir

