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Extended Abstract

Introduction

Carbonates of the Asmari Formation form the youngest reservoir rock of the Zagros Basin.
Various studies have shown that sedimentary geochemistry can be used to evaluate
palaeotemperature and palaeoclimate by reconstructing the chemical and isotopic content of
the ancient seawater and diagenetic fluids. The present study is based on a combination of core
analysis, thin-section petrography, trace-element, and stable-isotope analysis of Asmari
carbonates to recognize the original carbonate mineralogy and diagenetic environment.

Materials and Methods

In this study, 524 thin sections prepared from core samples of well-11 were used to achieve the
desired goals. All thin sections were stained with potassium ferricyanide and Alizarin Red-S
for dolomite and calcite minerals identification. The nomenclature for carbonate rocks used in
this work combines the terminology introduced by Dunham (1962) and Embry and Klovan
(1971), which is based on textural aspects. Facies analysis and interpretation of the depositional
environment were performed using Burchette and Wright (1992) and Flugel (2010) schemes.
Based on the detailed petrographic results, forty-five limestones and thirty-two dolomites from
well-11 were carefully selected for trace elemental analysis. Elemental analysis was carried out
using atomic absorption spectrometry (AAS) in the geochemistry laboratory at the Ferdowsi
University of Mashhad for the major and trace element determinations. Forty-five powdered
limestone samples previously used for the major and trace elements were analyzed with a VG
STRA Series Il for oxygen and carbon isotopes at the G.G. Hatch Stable Isotope Laboratory,
University of Ottawa.

Results and Discussion

The detailed thin-sections analysis of the carbonate samples resulted in the distinction of 26
microfacies types in a subsurface section of the Shadegan Oil Field that has been deposited
along a homoclinic ramp-type platform and is divisible into an inner ramp, mid ramp, outer
ramp, and basinal settings.
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The bulk-rock oxygen and carbon isotopic analyses of the Asmari limestones are compared
with similar analyses of the Asmari Formation in the Dezful Embayment and of other
Palaeogene-Neogene carbonates. It can be deduced from Figure 10 that the 6180 and 613C
values correlate well with those found by Agrawi et al. (2006) for the Asmari Formation but
show slightly lower 6180 and 613C values than those mentioned by Veizer et al. (1999) for
the Palaeogene-Neogene carbonates.

Conclusion

The geochemical and isotopic data allow, in combination with the petrographic data obtained
from the thin-section analysis, recognition of the primary aragonite mineralogy and the
evolution of the rock fabric, as well as a reconstruction of the diagenetic evolution, temperature,
the nature of the percolating fluids, and the water/rock ratio or diagenetic system. The input of
the 6180-enriched samples (-0.85%o) within the Anderson and Arthur (1983) formula gives a
syn-sedimentary temperature of only 23 °C. Based on textural and geochemical features, four
types of dolomite (D1 to D4) were identified in the sedimentary succession of the Asmari
Formation. D3 (with high values of iron and manganese) is more affected by diagenetic
alteration than D1. Due to oxidizing conditions, iron and manganese values in D1 (near-surface)
are lower than the burial dolomites (D3), which formed under a more reducing state at the
greater depth of burial.

Keywords: Shadegan Oil Field, Oxygen and carbon isotopes, Oligocene-Miocene, Asmari
Formation, Diagenetic system.
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W15 o Sl (ad | Se skl slaes 5
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R b | adsban 5 ol SiSs wspes | s Operculing spy s gl | Syn slajiald 5 o5 | MF24
ood | Sk Sl il B Sy
(Globigerina sp.)
F Sy sl il 5
b O ST g B 25l e S Rt g Y MF25
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Solowl Wilo olrordiaiy o ytallly 5 (pgm) S0l ) (w2

aibioo pllo 2 YV- 050> Na 55 o5 alaties
slaises ;0 Na polie (Milliman, 1974)
flo o FFAAL YYD (o sl il S
J992) Sl plagi 5o (plgy (o TTAY (ko)
& olom] Wil Sol slaaigel gows polie (Y
Sl ST Slgay 50 o polie I i
Milliman, ) (¢! o & 2700) ,ol>ape o5
Jolas (ol s oy YY) oS Sliges, 5 (1974
Nile Sal lSw ;0 Mn polie osb oo
@ VP8 Sl plgy o YA B Y o sl
SBOlS (1 Jpa2) cul i 5 (ol
shls BeseS 5 05 slal s jo @dly s8]
G o wiwn (plie (2 V5l 5eS) (S Mn
bl aily,S S sladiges ,o Mn laie a5
Ceol ol o Yoo 5l YL Lol age dlaias
L 55 503 M5 1 (Rao and Adabi, 1992)
Conl Doglicie goli5 0> b ol (ggime 580 o5
S5k oSl S o Fe 55,05 a5 g sbay
) pla o VTV B YA G sylend
ol (¥ Jsaz) col i o (alig sy DVFY
Ol 31 VL ez B jsbar ool polis
ool (ol o 2 YY) olage cusl
(Veizer, 1983) cusl 5>l o] jga> a5 ol

S rais 56T
il OVl alBlow b ol gLy )57 slasle
Saze Cewds &5 5 Pl gloanTp &b
yole a595 (Bathurst, 1975) wigd o o
yolie g9 alws 4 Gl S Gla g5 o o8
«(Percolating fluids) 3985 <Yl o =8
o po g (SIS pen Siw 4 ol S
Pl Jhw - G S5 Gl 258 ol g
Tucker and Wright, 1990;) ssi o0 JyuS
.(Hou et al, 2016; Fallah-Bagtash et al, 2020
O Sylem] 35l Sal slaaiges ,o Srpolis
Pl e V) oSl L) pllg 2 VF-Y LYY
Ol 5l S jladie cpl (Y Jgaz) ol s po
(Bulk Carbonate) «ils,S JS sledises St
B A o aS Cl pols age glo)l> sble
Milliman, ) <ol o5 0 plg o Voo
6 s s SIS Sian b LaisS1 (1974

Ca IS L Ca (P‘QS’ ) YY-.- dsd.})

‘Ggl.ﬂ) wib oo (bl 22 YV * S90) Sigm e
,» Na  polae  (Veizer, 1983 «Yv4.
@abiotic) Sigmnt S]] slaSal S,
el @ YV B0 o ol age sloyl>
G 50 Casl i 3 (pligy (0 VO + (25le)
5 Siigand mienS Slocands o &5

Sbol Wil (aslss 5 (Sol i) il S ladised 5 03 yobie (:Ske 5 (%S (b ¥ Jso

Mineralogy Sr (ppm)
Max 1402

Limestone Min 17
Mean 709

Max 757

Dolomite Min 45
Mean 483

Na (ppm)

Fe (ppm) Mn (ppm)

4499 10307 290
275 28 2
2387 5167 146
3447 7879 289
582 750 31
1618 3111 111

VI0F%0 PDB L -0/A%  %oPDB .
Y Jsuz) &S so yuuss (—+/VE%0PDB (. SL)
L solom! 55le oogamme £ IS yo (F UKo
OhlSen 9 5ol ST lawgi ouls &l (slrosgase

LSl K (5255 3 3o il S
a5l sladiges ;o ST Cgig il Ol uss dials
-AA% %0PDB G -+/Ad %0PDB o (s Lews!
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N @ LT

VAASVFY Slomio VP ) bl B0 o)l camoimn Jlo cmmay (il sletngy,

259! ouS 5 4 cul cdlas ol Sl el oyl
g ol gl Lies (Lol w35l oSl S
0555055k by STL sl Jobs jo bues
Loy laages 51 Sp a5 ol ooy
wlazd 5518 805 Job o (Seiisho laanlp
Ar O3S ersnl i (F S
ol 50 b,e o180y Joles —+/AD %oPDB L

5 Sl slaaises sl (Agrawi et al, 2006)
5 Jgdo (Solidlyyd 5o (o )lewl wijle el
oad &Ll 5e8 — el slasla S esgaos
(Viezer et al, 1999) l,Ke2 ¢ ,3ly lawss
W5k 5l dedlas 050 (sladiges .ol 00l duslin
Sbaiges lp ool &l sogase o (g lew]
odgams 5 o Sen 5 golS1 by (Sal
a5l oad @B8ly (590 — 039l slasln S

Golow] Wjle (Sal Siw sladiges 10 (5,98 palie 5 (0,5 9 OeaST Il Gloggsn! polie ¥ Jsoo

Sample No. Rock type (mineralogy)
S-2 100% calcite
S-4 100% calcite
S-5 80% calcite, 20% clay
S-5 QCD 80% calcite, 20% clay
S-6 85% calcite, 15% clay
S-8 80% calcite, 20% dolomite
S-9 100% calcite
S-11 95% calcite, 5% clay
S-12 90% calcite, 10% anhydrite
S-14 80% calcite, 20% dolomite
S-16 90% calcite, 10% dolomite
S-19 85% calcite, 15% dolomite
S-22 80% calcite, 20% dolomite
S-24 85% calcite, 15% dolomite
S-25 100% calcite
S-25 QCD 100% calcite
S-27 100% calcite
S-28 100% calcite
S-29 100% calcite
S-31 100% calcite
S-32 100% calcite
S-35 100% calcite
S-36 100% calcite
S-39 100% calcite
S-40 100% calcite
S-42 100% calcite
S-47 100% calcite
S-49 100% calcite
S-50 100% calcite
S-51 Essentially no peaks - 100% calcite?
S-52 100% calcite
S-54 50% calcite, 50% sand
S-55 90% calcite, 10% sand
S-56 100% calcite
S-57 20% calcite, 20% dolomite, 60% sand
S-59 98% calcite, 2% anhydrite
S-59 QCD 98% calcite, 2% anhydrite
S-62 70% calcite, 15% dolomite, 15% sand
S-63 100% calcite
S-65 100% calcite
S-68 100% calcite
S-70 100% calcite
S-75 100% calcite
S-77 90% calcite, 10% dolomite
S-77 QCD 90% calcite, 10% dolomite
S-80 65% calcite, 35% sand
S-84 100% calcite
S-87 100% calcite

Depth 5'80%o 8'3C%o Zovalue
(m) (V-PDB) (V-PDB)
3329.34 -1.18 223 122.15
3322.87 -1.34 0.31 127.27
3318.84 -1.12 -0.39 126
3318.84 -1.11 -0.41 126
3315.72 -1.59 246 121.5
3311.32 -0.85 -0.65 125.5
3303.34 -1.4 0.48 127.6
3295.57 -1.71 -0.37 125.7
3293.19 -1.73 021 126
3292.19 -1.67 0.2 126.9
3288.5 -1.74 1.04 128.6
3280.32 -3.02 0.2 126.2
3273.17 2.49 -0.55 125
3264.15 32 -0.66 124.4
3262.51 -4.66 0.8 123.3
3262.51 -4.66 -0.81 123.3
3260 3.5 -1.37 122.8
3257.5 -2.66 -0.82 124.3
3253.44 341 -0.97 123.6
3244.5 -5.01 -1.37 122
3237.75 278 -0.55 124.8
3233.08 228 0.28 126.7
32313 2.63 0.44 126.9
3222.74 -1.12 0.82 128.4
3218.24 222 1.32 128.9
3214.73 -1.93 1.4 129.2
3197.74 -1.59 1.56 129.7
3193.55 -1.83 0.8 128
3180.56 -1.87 0.23 126.8
3180.3 -1.23 0.44 127.6
3178.22 218 0.1 126.4
3152.49 -8.21 -5.86 1112
3135.95 -1.97 -4.54 114
3133.94 -8.96 -5.41 111.8
31123 -1.27 0.32 127.3
3108.83 -5.03 2.77 119.1
3108.83 -5.06 2.79 119
3090.75 2.86 0.88 127.7
3082.65 42 2.37 120.4
3070.12 4.87 -1.59 121.6
3052.73 237 -1.12 123.8
3050 343 -1.58 122.4
3040.39 4.4 0.17 125.5
3015.89 336 -1.49 122.6
3015.89 336 -1.51 122.5
2999.15 3 -1.95 121.8
2965.22 2.89 0.51 126.9
2959.19 251 0.48 127
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limestone samples of Asmari
Formation, Dezful Embayment,
(Aqrawi et al., 2006)

Palaeogene - Neogene
carbonates, (Veizer et al.,

P

1999)

EERY 2
l\ *
o®

| Low organic burial diagenesis |

Y

5 4

7 4

94

813C (%0 PDB)

~ 8130 (% PDB)
3 5

/
/

5 S3ST bagi oads &) slrosgucme b (g lowsl wijl (ST (slaigad )3 ()5 5 (5eS| @sigil polie ¥ JS
0350 5 Jg830 (Soldlg sy (o kel aijle ieglgs g Sal sladiges sl (Agrawi et al, 2006) o) )Son
3,50 sladiged .l oud aslas (Viezer et al, 1999) o San g 43l Jawss oads aSl)) 505 — 5520l lacly S
Slali S 03g0me 5 iS5 55T Liwgs Sl sladigas (gl o ] dgdome ;5 (6 ylams] ijls 5l anllla

Gladiges ;o M 5 Sty i byl cnlple
Sy Jolas Sy Sy (g o] 55l K]
- oo S gt 5l Ll o sgus
Ol (B £ JSLs) (Omidpour et al, 2021) wib
-0 ol ol sles 5 Gas SRl b pora]

(Cantrell, 2006) ssb
a0 4 &ls,S Sbgw, ;o Na 55 05 :(Na) pow
el Bes 5 oSS oS5 «(Kinetics)

ol Sl (S g

.(Morrison and Brand, 1986) ol Xy
Bet 9 5,9 oSy sy il L Na lads
&9 wure sl Na wbe Gl o
59 5 2l o0 G 3l yiaS (Partition coefficient)
W g ol gl 55505 hls (S slac
sanlp ooy o glols,S sl s
Ol o polie W55 oo B (S 55 50
» Na oYL lie (VYA ‘Gglﬂ) S g
S5 oo Vb a4 glew] Wil ol S
- oSl S5 e e s O 0 Ges
ool WMJ waf‘)" d\.«..]a‘ 6,..;[.\.,..;6,15 9 (wgmo

el 0ad ly (395 — 03sHll

Sslow] W53l 0 (o leouigi sosls 8 5,18
DG i Sz o8 yd polis Slallaa()
& slowT Wil ST K ady

oliy)S 53 gl sl 35 a5 HST) pgpnil i
ol S adgl wlis SIS oS 5 anlllas sl
330 gl (Sshs JolSs 5 Lulyd g asyad
Veizer, 1983; Winefield) o ,.5 o ;|3 oolaiul
4 Srlade (et al, 1996; Adabi et al, 2010
B0l ) el CodS 5l iy csoS1
40 a5 «(Na, St ubai) scews Ca )l 25,5 a8
sl s Seng gl S Slarsle oS
Veizer, 1983; Morrison and Brand ) &,.5 e
sledigas o porudlyinl ol polae (1986
S 5 48 el ol ol Sil asllae 550 (Sal
&olow! lacln,S oSl adgl wlis SIS
00LS uSaie A5 ol A p gl il Jlas
adsl oy 52855 18l b Sesls Joles
wiboe (Spsiie glacl (oyme jo (dsST)
«oS 5 4o St 50 (Brand and Veizer, 1980)
oS I s eVl Yooro cusgsT ulis SIS
(Cantrell, 2006) ol oo b Mn s
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w_f).» 6‘)’.’ e df»‘)‘ &L@ooam )| C)L'S-

ks 318 (sSTT adgl ot SIS

4 .(Omidpour et al, 2021) (O &) o8 o0
YL (sy5d a0 Na polde o9 YU Lo
6)L~»T ..\.»)L...a é&:‘ LgLQde.o.S s 0 ,Ew

10000

ara stop
(Tasmania), (Rao, 1991) -

1000

Sr (ppm)

100

ater
Limestope” >

Asmari Formation

Recent warm water aragonite _
(Milliman, 1974) =
e - /

Recent temperate bulk
carbonate (Tasmania),
(Rao and Amini, 1995)

10 100

Na (ppm)

1000 10000

slmosgima by (6 Lol Wil Sl Sius (sladiges 9o dlisdlo a5 jolailen St Llis ;5 Na ol i 0 S8
Lilesls 139,55 cssST,T (slaSal (Rao and Amini, 1995) Lilewls yol> age dosas slacsl,S slys oo 4l
L VL (5,98 Jdo a4 sl suls auslie (Milliman, 1974) ,ol>age 0,5 o1 2351,] Slga, 5 (Rao, 1991)

loads cﬁ‘ﬁ ML{M S)ge 6@0&3&2@ )‘ C)l.‘> 6)Lo...u] ..\J)L..u 6Lb=\.:5.o.a 6)‘..\15..»)

& olows] G5l Sl sladiges (A JS) Mn
L 5050 (F55y sladiges oogazme (o030
5 el 38 513 58T it SIS S
03gde ;o adiges =STMn  lae ,o Srjloges
O TS S WPINCTER SRR
B USo) wilas 5 15 ST b SIS
@ baiges Sy 0 ool YL polis :(Fe) ol
J=d 5ol e la S j9i Jds a0l Jleio|
Sl oy GBS L g ol slassT g 0
o Fe?" clale ol o5 (Omidpour et al, 2021)
S PH 9 Eh oyl 1 4 a5 ol S o Mn™
SIS by b3, lp Ygane )l
Tucker and Wright, ) 545 oo oslatnl el S
Sl s ol (19905 Herndon et al, 2018
yolie ol lsSs Late 51 S>Mn g Fe polis
ol S aSid 4 Wil 0g)5 ogmi caalits 4
polie ¥V S (o (Vincent et al, 2006) il oo
Nile  Sal slaaiges sl Fe ol ;0 Mn
RUCRE-TE-S CONON SO [P V. SPUUWI P Do

Pk 8l Gl b S olie (M) i
Brand and Veizer, ) ol oo (ioldl (S5 e5
dga> Mn &390 o po 155 «(1980; Rao, 1990
Sl S8 (Sojsiie ool o gl VO
Slol® omlply (Pingitore, 1978) o)ls oYL
F5bo 4 lgice ALG S ladigas jo |, Mn (VL
(g e e Rl ol el (S p55e
756 pac «(Pingitore, 1978) oS Ll s
LA SE oSS 32y 9 Segte Fiks
o2lS > g0 (Adabi and Rao, 1991) 5651
S wilg o Mn Ol s (o5 aisls 048 0 Mn
PIY) [V PRRUE X o Y RO 1N BV E y
4, Sr g Mn Llae 0 Na sla,loges ;o .(\VA-
Nile Sol sladiges F JS&) Mn  Jlio
slacly S gl oo a3l slaosgase b (g Low]
Rao, 1991; Rao and) Lilewl ,ol> ape daciae
Lgsso )00 Sl oS 5 (Amini, 1995
(Adabiand Rao, 1991) as4> ges o5 idu 4
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3 OpeST ogignl polie bSalSiw o 53ks
aaxsi b g 0ebi oo me S (25 ool hlie
F3ks &5 Olgien wianl 99 cnl polie Dlyess
D9ed Gt 1) (G 5 (Soeie (2b)yo)
P oS ! 2l 50 OieeST @eisnl Ol
Sl ¥ USs jo gileml aijle (Sal sladises
Low ) uﬂ Slge oS g j0 (b5 Fibo 3L
alauly 4 .all o (organic burial diagenesis
Olpetd Olyee (0305 Gos Rl L Lo a8l
Sl 80 ks (b ST gl

0lee 25 wesnl Ol et

SloSs Jds a0l Jliol 4 35S 5 (el
P bt Ylow bug b (Ssho
5 350 s Y JS5) aibise S ptte 3o
o ol ol e Lmlil el olol byls
.(Herndon et al, 2018) o455 oo ol S

Wil LSalSow ;o (F5ho Wgy s (Y
& sboww]

O weor! Rlr 0 OeST @sisn! Ol
Sl 53 Wgy e Gl 68 LR S
F3ke @loanl b 4 (S 5 (5ST Glagsiss!
wid oles o 63U 5 ady) 8w
gy et yekaie 4 (Vincent et al, 2010)
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Mn (ppm)10° 10000

Asmari Formation e
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1000 10000

Grodgaze b (g ko] wijle  Sal sladiges 058 oo ala>do a5 jshailan Na Lilie ;0 Mn &, (A 2 S
Sl slaKis 5 (Rao, 1991; Rao and Amini, 1995) Lilewl ,ol> age daiae sl S (gl ool 4l

&slom! Al Sal sladiges .l oo dwslie (Adabi and Rao, 1991) asg> Gas oS Lidw 4 bgsye o)ly595

20l (509 Vb el 48 5 )18 (i gST it ST S 5 L g0 e (isSTyT (sladisal ooguze (Suo3i 50
i IS oS 5 b LS| 50 o6 el il Sl sladigas jo M polie 392 by <ol (6 y5d el & oyibas
a5 jehilen St lie 0 Mn &l s (B sl (Sibibo sl (404 dias dos b dltas 5 9 (SuisSTyT ayl
Lolels o> age daine slacliy,S (sl od ] slooogais b (g lass] wijles Sl (gladiges 25 o ali>dla
el 00 duslie (Adabi and Rao, 1991) (l,5050 cssST,T slaSal 5 (Rao, 1991; Rao and Amini, 1995)
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395 yaie 5 (pl Hle (5yeS bl 5 kel Wil (Sol sladiges o Mn blis jo Fe polie g 5V JS0
ol SaT sladiges 59, p Suysite il g obyo e H5bo yieS 5b 5 Sl alias ol a8 5l

(Water/rock interaction) s 45 ©f Joli b (Suild pommw & 95 couti (¥
(HMO) YU 5550 b oS (LMO) i 8 ol S5 (sl (Satisles sloaiy, A IS5 5o
(CM) o o o o Burlington) =)  Sal eogame (R) jol> age slaalSlice (A) cuigsl)]
Milliman, ) el sas eols ;Lzs 8BS 1o (CS) (y yskw (Readbay) o, sloSal osgama 5 1 0l o
(S5 e (09 Aiwn b 5L 4y lg oo jlogad ) 4 ax45 L .(1974; Brand and Veizer, 1980
el oy o e Lol g gumlonST Ll i g (The water/rock ratio or interaction) i 4 ol s
ISy el ais 3 )18 aslasls 1) Sle 5o JBlas a5 CM g R sogame ;o (5 lews] 355l Sl sladiges

1
R - Diagentic Trends
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2 A
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° N
x
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= -8 7 A
2 A Open System —————————————»
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-14 t t t t
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Brand and Veizer, ) ¢l oo ools Lis (CS) (9l (Readbay) oo, sasal o3gazme 5 (CM) o o (o
b dies (5500 (sl pius 03905t 43 odes jebas eSSl )50 o 4 (6l 355l Sal (sladiges (1980
ol o (Water/rock interaction) w4 ol Jols ol coend 5l (Sl oogamme opl ol a8 5 (103 iy oS
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-0 Baiged (! o (Water/rock interaction) e G5l S g ae 9 Sy
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ol cel 5 Rao, 1990) 08,5 o Jupnd (5005
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4 a>g¢ L .(Rao, 1991) 5,5 1,3 colaiwl o450
Sl sladiges el Mn sl 50 St/Mn Sloges
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) 85 2 S5 55k 9B 08 e 256
oL b g S s 3 aladiges
Bl s 1 S5 Sl ol Sl
laanlp abaly 4 pole jsba aly 355 08
Knorich and ) &b oo yudd conciss a5 = Pl
yolie ai8 oo 4 axg L .(Mutti, 2006
L Fab 5 oSl S 5o 55 5 ool
Knorich and) s .5 s &30 Ll o Sob e

.Mutti, 2006; Caron and Nelson, 2009
Il 510 :(ST/MN) 52550 4y 0 g ! Connsd
b des 3b mjie Tl CndS 5 oS
solie ool jete o8 oS @ T Lo
Gl Mn S a5 uSally 5 asdly talS St
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ne (Adabi and Rao, 1991)
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oles cpl yo
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.J.S‘oo; ) |) @l &Lﬁo)so

2 b T O3St osignl Gl i onl
L .ol 0595 /A SMOW 590> SCig) 95w 0,90
Anderson ) ,o5,1 ¢ gm0l dolee ool
e ogigpl Jlade ¢ (and Arthur, 1983
o FLY Lf’—‘ Lcho c6)L~»T LQLQ&S.QT S UJMS‘
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