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Triasina hantkeni Majzon, 1954, Pilamminella falsofriedli Salaj, Borza, Samuel, 1983, Concorence
rang Zone, Trochammina almtalensis Koehn-Zaninetti, 1969. Ophtalmidium exiguum Koehn-
Zaninetti, 1969. Agathammina oustro alpina Kristan-Tollmann, Tollmann (Michalik, Jendreja- kova
1978; Michalik 1978). Planiinvoluta regularis Salaj, Borza & Samuel, 1983. Tetrataxis inflata
Kristan, 1957. Angulodiscus cummunis Kristan, 1957. Auloconus permodiscoides Oberhauser, 1964.
Glomospirella minima Michalik, J., Jendrejakova, O., & Borza, K. (1979). Ammodiscus parapriscus
Ho, 1959. Interval Zone
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Biostratigraphy of upper Triassic deposits in Shahdad section (southern
parts of the Lut Block), Central Iran

Nooshin Haddadi* and Massih Afghah™

1- Department of Geology, Shiraz Branch, Islamic Azad University, Shiraz, Iran.
Corresponding author: Massih Afghah: massihafg2002@yahoo.com

Abstract:

To study the biostratigraphy of the Late Triassic deposits in the central Iran microcontinent,
the Shahdad stratigraphic section located in the southern areas of the Lut Block was
selected and sampled. The studied section is 340 meters in thickness and in terms of
lithology, it mostly includes shale, sandstone, and interlayers of sandy limestone. Based on
the identified benthic foraminifers, the number of 11 biozones includes:

Triasina hantkeni Majzon, 1954, Pilamminella falsofriedli Salaj, Borza, Samuel, 1983,
Concorence rang Zone, Trochammina almtalensis Koehn-Zaninetti, 1969. Ophtalmidium
exiguum Koehn-Zaninetti, 1969. Agathammina oustro alpina Kristan-Tollmann, Tollmann
(Michalik, Jendreja- kova 1978; Michalik 1978). Planiinvoluta regularis Salaj, Borza &
Samuel, 1983. Tetrataxis inflata Kristan, 1957. Angulodiscus cummunis Kristan, 1957.
Auloconus permodiscoides Oberhauser, 1964. Glomospirella minima Michalik, J.,
Jendrejakova, O., & Borza, K. (1979). Ammodiscus parapriscus Ho, 1959. Interval Zone in
the Upper Triassic deposits. Based on the identified biozones, the age range of the studied
sequences is suggested as Late Norian to Late Rhaetian, equivalent to the Howz-e Khan
and Qadir members of the Nayband Formation in Central Iran.

Keywords: Central Iran, Lut block, Late Triassic, Nayband Formation, Biostratigraphy.
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Permodiscidae, ,lu lecslyls acil e
Turrispirilinidae, Ammodiscidae,
3 gl 3 i i olyls Frondicularidae
a5 wlosgy yol> iyl )0 aslllas 550 slo
Hlasle oad olulid (Lla0je) 2 St
Triasina  hantkeni  Majzon, 1954,
Pilamminella falsofriedli Salaj, Borza,
Samuel, 1983, Trochammina almtalensis

Koehn-Zaninetti, 1969. Ophtalmidium
Koehn-Zaninetti, 1969. Agathammina

)N a

Wil sloaiind sl oy G095 O3S
003,55 &l YU ol 5 (cew 0dg0me jo winls
€55« Slsld s ala iy azsi b Jy ool
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Seisdsid Slisd 0y, et 4y bl
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&9 090 A 50 g 035 e 5 ol Ll
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e |8 sleidl co

Zaninetti, 1976; 1y _ alie L al5e
Vachard and Fontaine, 1988; Altiner and
Kogyigit, 1993; Rettori et al., 1994;
Rettori, 1995; Muttoni et al., 1996;

Marquez, 2005; Kobayashi et al., 2006;
Luka Gale, 2012 ; Lehrmann et al., 2015;

g bl 1) el 5 03g00me (y9ealiy sl
3l 5o ailosls 1)3 axlllas 90 (6 ol 3
bLlLss jo oS Slga o)lasbinl fyorwlisyenls «o)lee
Sl 030ld Cewds 0.5 1,8 solaiwl 5,90 aliSee
L i el (g 00game ;0 aSol @y azgi b
45 i azlge (e (5 el 8 slo sunys)

a3 s 8 gletdl o 55 1, el el
oy o a8 S O Slallls sl —
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Salaj, 1969, ) Sgmw yliw e oLy
1978; Salaj et al.,1983; Salaj et al., 1988;

Trifonova, 1978a, b, 1992, 1993;
Gazdzicki et al., 1975; Orovecz-Scheffer,

J.aLw L_u—| ‘SLQMP L;'>).> e g «(1987;
Zaninetti and ) ;Laa8 5 4S5 5l ola s
5l plaSun (Dager, 1978; Efimova, 1991



Vo louds Yo,90 cowloliads po g 6, Kdus aoldadgo - ... g wh 3 (sl Al (5,5 dus Cony ) IFY alidl g golus

Category: Interval zone
Age: Late Norian - Early Rhaetian

Author: Kristan, 1957 Definition: Interval
from first occurrence of Triassina
hantkeni,  Angulodiscus  cummunis,
Rectoglandolina  tenuis, to  first
occurrence  of  Tetrataxis inflata,

Glomospira  minima,  Trochammina
almtalensis.
2. (Interval zone B) Trochammina

almtalensis Biozone

Ol g B985 g5 ) (e Dleloiz]
Tetrataxis infata, Auloturtus  slaaiss ,qa>
bronimanni, Glomospira minima,
Oem Uisu , Trochammina almtalensis,
S e ol LS goa 435 ak ie
O—=en o Agathammina  oustroalpina
YU i3 o Triasina hantkeni ;aiagast
ol cpey cpw 03h 8o lid a5 auby o aslo
O ablios iy G = D 259
Coles g atils Cwlies e YVIVD (yg)cm)
Jolis 1) aalllae 0550 (i, YEIYO U5 (5,0 ¥
P 095 om0 ol SladisS ple gdioe
, Permodiscus praecommunis, JoL &
Nodosaria sumatrensis, Lenticulina sp.,

il oo
Category: Interval zone

Age: Late Norian - Early Rhaetian
Author:  Trochammina  almtalensis,

Koehn-Zaninetti, 1969.

Definition: Interval from first occurrence
of Tetrataxis infata, Auloturtus
bronimanni, Glomospira minima,
Trochammina almtalensis, Glomospira
minima, to  first occurrence  of
Agathammina oustroalpina, and last
occurrence of Triasina hantkeni.

3. (Concurence rang Zone A) Triasina
hantkeni Biozone

oustro alpina Kristan-Tollmann,
Tollmann (Michalik, Jendreja- kové 1978;
Michalik 1978). Planiinvoluta regularis
Salaj, Borza & Samuel, 1983. Tetrataxis
inflata  Kristan, 1957.  Angulodiscus
cummunis  Kristan, 1957. Auloconus
permodiscoides Oberhauser, 1964,
Glomospirella minima Michalik, J.,
Jendrejakova, O., & Borza, K. (1979).
Ammodiscus parapriscus Ho, 1959.

A= 5o 5 Olgses oml (S Bogue
LQ@_..SL u_:l Lgl)_) KW )_fd ADUL} w‘ OM]
slapginb g oais plxl ads saiuyg; o8SL
0 50 (60902l g 009 Jome axlllas 0590 g
g s obs, BB 635 5 olpl slassh
ol sl St Sl 5 ol)l0059,
(omt Aog je S ollogie, el 2V
4 i oe a5 Wlowd (Byme T 3,0 Gy o
onlpls 0,5 o,lsl Luka Gale (2012) olallas
Sl 0 Ohleyisy SoSTn 5 Slold 4 azgi b
g ezl Az cun; Gl ow) p cadlllas 5 )50
rogd a5 W )5 gicen) VY alulid 4 e
(VY Y slo cM.L 9 AJS.Z) S| PITNN L@J—l

1. (Interval zone A) Angulodiscus
cummunis Biozone

Ol g 398 (g (hd Oleloz
Triassina hantkeni, sloa_5¢5 5 o>
Angulodiscus cummunis, Rectoglandolina
ool B g 0008 Lasuine o Lisu o tENUS,
Tetrataxis inflata, Trochammina s>
Uise o Glomospira minima, almtalensis,
O 05l s lis 45wl o dslol oYL
Sdlior O ) = O D209 (ol
B9 O95mm)y Gl loasld Culis e ¥
Pt 995 o=l 59 oles ST ple ol o
Nodosaria sumatrensis, Lenticulina  JoLs

.zl 8., Permodiscus praecommunis,
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oS o Triasina  hantkeni, jgas> o 310

pa> sl B addllhe oy S Sl
Involutina liassica, Ophtalmidium
gy oyl b go oYL 25w ,0 9 €Xiguum,

Ot Oy e oS Baams GlaS G5
alllas 0590 oy (e YHIVO Culses ail oo
Iy ablso yio YVVO Culrs 4y a5 (6,00 OF U
plo il ools plas! 0> 4 yejcan) o)

Jolo i gy rl e elea laasss
Nodosaria  sumatrensis, Permodiscus
praecommunis, Lenticulina sp.,
Angulodiscus  cummunis,  Auloturtus

b e bronnimanni,

Category: Interval zone

Age: Early Rhaetian

Author:  Agathammina  oustroalpine,
Kristan-Tollmann, Tollmann (Michalik,
Jendreja- kova 1978; Michalik 1978).
Definition: Interval from first occurrence
of Agathammina oustroalpina, and last
occurrence of hantkeni, to first occurrence

of Involutina liassica, Ophtalmidium
exiguum, Triasina
5. (Interval zone D) Ophtalmidium

exiguum Biozone

Ogl by 388 (gjcem (hed Sleloix]
Ophtalmidium exiguum,  cloaiss ga>
Involutina liassica, Permodiscus minutus
s3a> Gl B g 00,5 Lasin (i i o
Regularis, Planiinvoluta ,Robuloides sp.,
o3l buimolis a5 Wb ge delsl YL idu e
ol Sbiee Gete ) oelBome) O
OF Cwls g atils Cwles o VY (g5can

ol 1y adllae 5)50 op s PV B (55

P9
Age: Late Norian - Early Rhaetian

Author: Ophtalmidium exiguum, Koehn-
Zaninetti, 1969.

Definition: Interval from first occurrence
of  Ophtalmidium exiguum, Involutina
liassica, Permodiscus minutus,

AR

sl by 398 gjiem hed Oleloizl
Trochammina almtalensis, laasS g
Tetrataxis inflata, Auloturtus bronimanni,
=L 3w ;o Auloconus permodiscoides,

,o Triassina hantkeni a8 oo 0,51 b
o3l bams lid aS 08 5 o aseine YL i
mst O ) T ey (9 (elb e (o
uﬁ)w) U")” Q"‘ Lgloqsl.@ CAAL?L\@ J.:..A Y Jw.:l.:

09 ol 5o olyen slaaisT Lo il e (398
Nodosaria  sumatrensis, —_fols s

Lenticulina sp., Permodiscus
.Cewl praecommunis,
S lailbl oo glwlid fygjcen; Las buyl jo
e 95y Gl 330 G e 0 &5 Sl
Triassina hantkeni Biozone  yg;ca; «l
ol Len g Louisette Zaninetti lawgs 45 ol
a0 Wl Gpe Jleds j0 g oo (5,386 (144Y)
00l (plwlid udin (S5 = Gme 095 O
19D g0 o5 s et 9ol pl i o g ol
el G () iz lsd bl
Triasina hantkeni  defines Lat Norian -
Lower Rhaetian
Triasina hantkeni Biozone (Gazdzicki et
al., 1979; Gazdzicki, 1983; Gazdzicki and
Reid, 1983; Abate et al., 1984; Ciarapica
and Zaninetti, 1985; Vachard and
Fontaine, 1988) throughout the Tethys
realm.
Category: Concurence rang Zone
Age: Late Norian - Early Rhaetian

Author: Triasina hantkeni, Majzon, 1954,
Definition: Interval from first occurrence
of Trochammina almtalensis, Tetrataxis
inflate,  Auloconus  permodiscoides,
Auloturtus bronimanni, to last occurrence
of Triasina hantkeni.

4. (Interval zone

oustroalpina Biozone.

spam ol b gl BB 38 gscem;
5 b b g Agathammina oustroalpina,

C) Agathammina
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el 25 200 4 09 nl 50 olren sladisS
Lenticulina sp., Nodosaria sumatrensis,
Permodiscus praecommunis, Auloturtus
broenimanni, Agathammina oustroalpina,
Angulodiscus cummunis, Angulodiscus
gaschei, Tetrataxis inflata.

Age: Late Norian - Early Rhaetian

Author: Planiinvoluta regularis, Salaj,
Borza & Samuel, 1983.
Definition: Interval from first occurrence

Robuloides sp., to first occurrence of
Robuloides sp., Planiinvoluta Regularis,

6. (Interval zone E) Planiinvoluta
regularis Biozone.

spa gl bl B 568 (g5
Dustomina  Planiinvoluta regularis,
Ammodiscus  ,ea> odsl G alta,

Oliad sy Cews) ol asb e parapriscus,

Log aibise sl iy (o 0ynS basme

of Regularis Dustomina alta, ) f i | o
Planiinvoluta  regularis, to  first 590 P Sy A PVl e VY il
occurrence of Ammodiscus parapriscus. plo el ool plaisl o4 a4 1) adlas
S
e Foraminifera Biozone
(=3 123 E— [$] B3 e o
[S|5|E |2 | & e Z
wlE|0 0 | Do P
nlfle|lalP|lo |SE = 2
Q|5|/E|Elx|S |o5 =3 £
5(8|5(e(8|3 |83 |& i
oL |S|E|E SO o |5 g 83
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HAHEN i 13l
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Category: Concurence rang Zone

Age: Late Rhaetian

Author: Pilamminella falsofriedli, Salaj,
Borza, Samuel, 1983,

Definition: Concurence rang Zone from
first  occurrence  of  Pilamminella
falsofriedli, to last occurrence of
Glomospirella minima, Agathammina
oustroalpina.

9. (Interval zone G) Glomospirella
minima Biozone

sl st 398 G5ty S Slelazz!
Glomospirella minima, ¢loe 4555 3>
o= uisw ,o Agathammina oustroalpina,

g >l L5 gea 55 jak i
Dostomina alta, Planiinvoluta regularis,
Auloconus , Angulodiscus gaschei
b e aslol SYLs 23w ;o permodiscoides

i, Oy (guibidiiyee) (o 03l Bae0 (i oS
g Al Cualses 1o 103 g5 ol il o
Sy90 sy (5o YAY L (6500 VAR Cless
ol jar (sloassS S0 5l 0gd g0 Jolis |y axlllas
ged o LAl 59,150 4 Glsi o0 (358 (155
Lenticulina sp., Nodosaria sumatrensis,
Permodiscus praecommunis,
Trochammina almtalensis, Auloturtus
bronnimanni, Agathammina oustroalpina
Glomospira minima
Category: Interval Zone
Age: Late Rhaetian

Author: Glomospirella minima, Michalik,
J., Jendrejakova, O., & Borza, K. (1979).

Definition: Interval Zone from first
occurrence of Glomospirella minima,
Agathammina oustroalpina, to last
occurrence of  Angulodiscus  gaschei,
Dostomina alta, Auloconus
permodiscoides.

11. (Interval zone H) Auloconus

permodiscoides Biozone
)s_m} u;)_>‘ ‘Ia_n.:s_\ uj)u—""‘"‘) u_;l 09 g0
Dostomina Angulodiscus gaschei, slaaisS

Auloconus Planiinvoluta regularis, alta,
Ophtalmidium exiguum, permodiscoides,

VY

7. (Interval zone F) Ammodiscus

parapriscus Biozone

BT s 9 93 (hemd Slelozz
Ammodiscus parapriscus, leassS joa>
e uiso o Turrispirillina minima,

Pilamminella jga> ol b g 0050 ,5 asuice
aS 0ol o aelsl YL w0 falsofriedli

G,L,.A e WL,.,UM) - P ERVEN olas

“s= 095 2l olren sladiss 5l o9l oo Jult ],
12,5 0,2l ;5 el 4 Ol

Lenticulina sp., Permodiscus

praecommunis, Auloturtus bronnimanni,

Planiinvoluta regularis, Angulodiscus

gaschei, Nodosaria sumatrensis,

Glomospirella minima.

Age: Middle Rhaetian

Author:  Ammodiscus parapriscus, Ho,

1959.

Definition: Interval from last occurrence

of Ammodiscus parapriscus,

Turrispirillina minima, to first occurrence

of Pilamminella falsofriedli.

8. (Concurence rang Zone B)

Pilamminella falsofriedli Biozone

Ol s 398 (g5t (hd Dlelox ]

445 e ax>Pilamminella falsofriedli, s

s9=a oyl g eand S asie () GiSe
Glomospirella minima, Agathammina
oustroalpina, 4 sl e aslsl YL 5w o
e g 0y soliline (o3 aam0 (i
Cwolis g Culs o YV gy ) ool ail
o‘)_o.(b sle A_ajf )_iio )‘| Dgb oo Jolss
wg—ad o)Ll 15 (69,150 4 (5 (o0 398 01355l
Lenticulina sp., Permodiscus
praecommunis, Auloturtus bronimanni,

Planiinvoluta regularis, Angulodiscus
gaschei.
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occurrence of Permodiscus
praecommunis, Nodosaria sumatrensis,
Pilamminella  falsofriedli, Auloturtus
bronimanni, Angulodiscus cummunis,

Saggiim 0SS ol o) LSl a5 (5 ghailes
5 Sl 003 slgiiy 9ol wile 6l (so,
shobiul 1B 6 Sanzrcan & (2l sl
Ol ahloyje) (hed Slelosxl i (605
adlllas ol ) j5mrpe Us® 50l )5l 5 e
o s g i ) (obal p iawloays )3 ool
asfllas slacdol s Ky o (558 onls glulls
Oy B iy G295 o 3l (i 50 0
)90 it P (30,5 (oo ey ey
2035 B pem slagas Jolue wils o aslllas
sladly b oS wigd ad 5l s il il
S g 0 ol 5,d gtz Vb by
Ayl ciyllas g Slgtren

G domis

G S el Sl 6 Rana i aslllas
@lolid 4 i Dol Sely Cgiz yo Wy slag
S ohls 39y = VY jla 58 YY

Oy TV slacss bl 0l s canloass

el
Triasina hantkeni, Pilamminella
falsofriedli, Concorence rang Zone

Trochammina almtalensis, Ophtalmidium

exiguum, Agathammina oustroalpina
Planiinvoluta regularis, Angulodiscus
cummunis,  Ammodiscus parapriscus,
Interval Zone Auloconus

permodiscoides, Glomospirella minima,
Tetrataxis inflata,

YU ol slaaiigs llogyse, 4 by e
e oy s olwl o dias lulis
dsllan )50 sla I g 23L c0sd plulit
45 Sl 00 Sty (g ) ~ Ot G009

Ll 535 0 OlRl o

V¢

s3> o3 B g oms § jasuin cpp GiSu )
Tetrataxis inflata , Ammodiscus
aS a0l oo asalsl YL isw o parapriscu

et Cyamy (smlid ey e 050 b LS
g anile Culs e YV (g ey ol il oo
Jols 1) aadllas 5 )90 i, (6= VYT L VAY

= 392 09k oo sladiss s 5l osd e

13903 0,L3l 15 9)l90 4 g5
Lenticulina sp., Nodosaria sumatrensis,
Permodiscus praecommunis, Auloturtus
bronnimanni, Angulodiscus sp.

Category: Interval Zone
Age: Late Rhaetian

Author:  Auloconus  permodiscoides,
Oberhauser, 1964
Definition: Interval Zone from last

occurrence of Planiinvoluta regularis,
Dostomina alta, Angulodiscus gaschei,
Ophtalmidium  exiguum,  Auloconus
permodiscoides, to last occurrence of
Tetrataxis inflata, Ammodiscus
parapriscu.

11. (Interval zone 1) Tetrataxis inflata
zone

Ol s (358 i) (hend Slelozz
Tetrataxis inflata,  glaa_ 545 4 o>
e si3e ;e Ammodiscus  parapriscus,

Permodiscus jga> 310 g oass 5 asui
praecommunis, Nodosaria sumatrensis,
Pilamminella  falsofriedli,  Auloturtus
,o bronimanni, Angulodiscus cummunis

O 03k Baums lias 4 wly go aslol YL s
P ogiimmy (b dlise ey Gy (o)
Doy G Y LYYY 5l g atils cwls yin

g oe Joli | aslllas 350
Category: Interval Zone

Age: Late Rhaetian
Author: Tetrataxis inflata, Kristan, 1957.

Definition: Interval Zone from last
occurrence  of  Tetrataxis inflata
Ammodiscus  parapriscus, to last



Vo louds Yo,90 cowloliads po g 6, Kdus aoldadgo - ... g wh 3 (sl Al (5,5 dus Cony ) IFY alidl g golus

2l 50 5 byl s Il 1 el 0305 e
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oy sleadg> ol,en 4y 550 adg> 5l
@ Jlad o il o T Slyls UL
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ool ails )13 Lol gl S gi Al

Lol e ool o o 4y 1o 39, o
099 o o5 S0l oS Wsdi oo Sl Laogy ST
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PL1- a/Planiinvoluta regularis, in examples no. 8, 9, 10 and 15, 16 and 21, 22 Axial section in Fig. 8
b/ Agathammina oustroalpina in example no.4 and 6, 9, 17 Axial section in Fig. 8 ¢,k,m,t/Nodosaria
sp., Longitudinal section d.,e, g,0,p,u,r,s/Angulodiscus communis, Axial section f/Angulodiscus
expansus, Longitudinal section h,j,n/Permodiscus praecommunis, Axial section i/Duostomina alta, in
examples no. 8, 9, 10 and 21, 22 in Fig. 8 k/Nodosaria sumatrensis, Longitudinal section
p/Pilamminella falsofriedli, in examples no. 16 and 25, Axial section I,g/Turrispirillina minima, in

examples no. 11, 12 Axial section in Fig. 8
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PL2- a /Frondicularia sp., in example no.2 Longitudinal section in Fig. 8 b/Tetrataxis inflate, in
examples no. 21, 22 Axial section in Fig. 8 h/Auloconus permodiscoides, d/Ophthalmidium exiguum,
in examples no. 5, 6, 7 and 21, 22  Axial section e,f,0,c/Angulodiscus communis, o/ Permodiscus
praecommunis, Axial section I,p/Nodosaria sumatrensis, k/Algae debries, Accicolaria sp.,
Longitudinal section g/Rectoglandulina tenuis, in example no. 1 Longitudinal section j/Angulodiscus
cummunis, in examples no. 1, 3,4 and 8, 9, 10 and 11, 12, 13,14 and 15, 16 and 18, 19, 20 and 21, 22
and 23, 24, 25 Axial section in Fig. 8 i/Glomospirella minima, Aulotortus oscillens, examples no.2
and 12, 17 Transverse section m/Trochammina almtalensis, in examples no.2, 12, 17 and 22,25
Axial section n/Aulotortus broennimanni, in examples no. 5, 6, 7 and 24, 25 Axial section.

1
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PL3- al,h/ Nodosaria sumatrensis, in examples no.12, 17, 20, 22, 23 Longitudinal section
b/Permodiscus praecommunis, Axial section c/Lenticulina sp., i/Triassina hantkeni, o/Auloconus
permodiscoides, in examples no. 2 and 21, 22 Axial section in Fig. 8 j, g/ Angulodiscus cummunis,
Axial section n/Glomospirella minima, in examples no. 2, 17 and 7 Axial section in Fig. 8
k/Tetrataxis inflata, in examples no. 2, 8, 9, 10 and 23 Axial section f/Angulodiscus communis,
Permodiscus praecommunis,  Axial section d,e, m/Ophthalmidium exiguum, in examples no.5, 6,
and 7 Axial section in Fig. 8
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Importance of microfacies and paleoecological calcareous algae and
large foraminifers of Esfandiar Formation in Central Tethys
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Abstract: One of the most complex geodynamic settings within the Alpine-Himalayan belt
in the central Tethys realm is in Iran. Evolution and Geological significance of calcareous
algae and larger benthic foraminifera is incredibly noticed by various researchers. In order
to better understand the Upper Jurassic events in Central Tethys, the Oxfordian-
Kimmergian carbonate sediments in eastern Central Iran were investigated in Shotori
Mountains in Deyhok region. For this purpose, calcareous algae (Diversocallis moesicus),
some foraminifers which sometimes lived together with other different microorganisms
(Shomavella morronesis) and some sclerosponge were investigated. Study of these
microorganisms confirms the continuity of sedimentation, mainly of the carbonate type,
from the Middle Oxfordian to the Lower Kimmerian, and during this time period, the
Esfandiar limestone platform formed and evolved under relatively dry climatic and
eutrophic conditions. This research demonstrates the development and persistence of a
protected platform in a predominantly eutrophic environment during the Upper Jurassic in
the Deyhok area.

Keywords: Calcareous algae, large foraminifera, Esfandiar limestone formation,
paleoecology.
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Petrophysical evaluation of Khatia and Arab reservoir sections in one

of the wells of the Persian Gulf fields
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Abstract: One of the most crucial issues in carbonate reservoirs is petrophysical evaluation, which
plays a vital role in accurately determining production zones. This study focused on assessing the
variability of petrophysical parameters such as permeability, porosity, secondary porosity, and water
saturation. To reduce uncertainty, the results were analyzed and compared with petrophysical logs
obtained from the core samples. The findings can be summarized as follows: Calcite and dolomite
zones exhibit the highest reservoir quality, while anhydrite and shale zones have the lowest quality.
The Khatia Formation was subdivided into upper and lower zones, characterized by lime and
dolomite as main lithologies with clay layers in between. The Arab Formation was divided into six
zones, primarily consisting of dolomite and anhydrite. This study focused on an oil reservoir well in
the Persian Gulf within the Bilal oil field. By evaluating information from petrophysical parameters
derived from well logs and cores, the quality of reservoir zones was determined.

Keywords: Petrophysical logs, Petrophysical parameters, Calcite zones, Dolomite zones, Anhydrite
zones, Shale zones.
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CORE LABORATORIES (U.K.) Limited
Advanced Technology Centre
Company : EHf Petroleum Iran Field : Balal File No. :332- 03023
Well 1 BL-31 Formation : Khatiyah/ShuaibalArab (A 3) Date  :8-Sep-2003
Country : Islamic Republic of Iran Analyst : MH/VMIAM
CONVENTIONAL CORE ANALYSIS
NOB 361 psi for KhatiyahH71B psi for Shuaiba and Arab [A3)
Sample | Depth B{He) | Kinf | Kair | O{He) Kinf Kair Grain Description
No. {m} He) | ) | ) | W) v V) | Density
% mD | mD % mD mD glee
Khatiyah
CORE # 1 DEPTH INTERVAL (1209.00 to 1310.00 m)
1 1308.32 252 2887 Ls. bu. Whst-Pkst, chky (NPP)
2 130844 12.4 2678 Ls. bu. Wkst-Pkst, chky (NPP)
CORE # 2 DEPTH INTERVAL [1314.00 to 1320.25 m)
3 1314.07 127 18 19 - - 2888 Ls, bu, Wkst-Pkst, chky, closed frac
4 1314.40 157 - - - - 2888 Ls, bu, Wkst-Pkst, chky (NPP)
5 1314.87 272 - - - - 2883 Ls, bu, Whst-Pkst, chky (NPP)
[ 131533 17.5 3.2 40 - - 2702 Ls, bu, Whst-Pst, chky
7 1315.08 16.4 - - - - 2707 Ls, bu, Whst-Pkst, chky (NPP)
3 1315.97 0.1 008 D45 - - 2706 Ls, gry. Whst-Pst, hd, chky, closed frac
[ 1318.41 15.8 - - - - 2707 Ls, bu, Whst-Pkst, chky (NPP)
10 131844 13.0 008 DB - - 2706 Ls, bu, Whst-Pst, chky
11 131878 18.8 - - - - 2880 Ls. bu, Wkst-Pkst, chky (NPP)
12 1318.85 17 023 D28 - - 2701 L. bu, Whst-Phst, chky
13 1317.41 257 a7 ks - - 2700 Ls, bu, Wkst-Pkst, chky, mold, biodl, p p vug
14 1317.83 30.0 - - - - 2820 Ls, bu, Wkst-Pkst, chky (NPP)
15 131784 260 98 12 - - - 2.696 Ls, gry. Wkst-Pkst, hd, chky, closed frac
168V 131204 - - - 75 ooz 004 2702 Ls, gry. Pkst, hd, chky
18 131216 262 - - - - - 2682 Ls, bu, Pkst, chky (NPP)
17 131881 28 0.01 D01 2888 Ls, gry. Pkst, hd, cpet
18 1312.10 1.8 01 016 2715 Ls. gry. Pkst. hd. cpct. bioel
18 1318.32 8.9 028 036 2703 Ls. gry. Pkst. hd. cpct. bioel
20 131288 "7 004 D00 2701  Ls. gry. Pkst. hd. cpet. bioel
21 1318.85 200 - - 2.888 Ls. gry. Pkst. hd. cpet. (NFP)
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Horizontal Permeability Histogram Porosity Histogram
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Horizontal Permeability (Air), mD Helium Porosity, %
Cores 2103 Median Value : 260mD Core ;203 Median Value 1134%
Depth 1314.00 to 1326.35 m Arithmetic average  © 8.8 mD Depth 1314000132635 m Arthmetic average ~ : 15.6 %
Formation Khatiyah Formation  © Khatiyah
Field Balal Fiela - Balal
wenl BL-31 — Well : -31 = —
Company Elf Petroleum Iran S E;'.’,ii‘,!n, Company  : Elf Petroleum Iran S:: E.:Zf‘:":‘y
Fig. KH 3 Fig. KH 2

Grain Density Histogram

- |

3

8

8

Cumulative Frequency

Frequency, %
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Grain Density, g/cc (Horizontal Samples)

Cores 1t03 Median Value 2.70 glcc
Depth : 1309.00 to 132635 m Arithmetic average 2.72 glce
Formation Khatiyah

Fiela Balal
well BL-31

Company : EIf Petroleum lran Cum. Frequency

Fig. KH 4
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CORE LABORATORIES (U.K.) Limited
Advanced Technology Centre
Company : EIf Petroleum Iran Field : Balal File No. :332 - 03023
Well :BL-31 Formation : Khatiyah/ShuaibalArab (A 3) Date :8-Sep-2003
Country - lslamic Republic of Iran Analyst - MH/VM/AM
CONVEMWMTIONAL CORE AMALYSIS
NOB 961 psi for Khatiyah/ 1718 psi for Shuaiba and Arab (A3
Sample Depth B(He) Kinf Kair BiHe) Kinf Kair Grain Description
No. (m} (Hz) (Hz) (Hz) ™) v v Density
% mD mD % mD mD glec
(Arab (A 3)
CORE # 5 DEPTH INTERVAL (2549.00 to 2567.32 m)

43 2540.14 248 28 3.5 - - - 2.830 Dol bu, Wkst-Pkst, hd, chky

44 2540.51 17.5 13. 15. - - - 2875 Dol bu, Wkst-Phkst, hd, clesed frac, anhy nedule

45 25490.80 1.8 1.4 1.6 - - - 2.888  Dol, bu, Wkst-Pkst, hd, anhy nodule

48 2550.27 22.0 51. 55. - - - 2.828 Dol bu, Wkst-Pkst, hd, chky

47 2550.50 12.8 033 042 - - - 2.820  Dol, bu, Wkst-Pkst, hd

45 2550.93 283 32 ar. - - - 2.824 Dol bu, v gr, p p vug, hd, chiy

40 2561.19 17.0 53 6.2 - - - 2.860 Dol bu, vif gr, hd, p p vug. anhy

50 2551.58 228 83 10. - - - 2.803  Dol, bu, vi-fgr, hd

51 2551.91 16.8 12 4. - - - 2.807  Deol, bm, v gr, hd

s2v 255208 - - - 141 40 47 2824  Dol, brm, Wkst-Pkst, hd

52 2552.06 14.6 - - - - - 2821 Dol, bm, Wkst-Pkst, hd (NPP)

53 255237 74 24 25 - - 2820 Dol, brm, Wkst-Pkst, hd

54 255263 18.2 43. 48, - - 2.818 Dol b, Wkst-Pkst, vug, hd, chipped

55 2553.12 135 21. 24 - - 2820 Dol brn, Wkst-Pkst, vug, hd

58 2553.46 8.2 42 4.5 - - 2821 Dol, brm, Wkst-Pkst, hd

57 2552.81 2.0 25 20 - - 2838 Dol, bm, Wkst-Pkst, hd, styl

58 2554 18 0.6 18 21 - - 2838 Dol, bm, Wkst-Pkst, hd, styl

58 255454 1.8 18 1. - - - 2.820 Dol brn, Wkst-Pkst, hd, carb, closed frac

80 2554.90 8.3 10 1. - - - 2821  Dol, brm, Wkst-Pkst, hd

81 2555.07 127 0.88 1.0 - - - 2818 Dol, bu, Wkst-Pkst, hd, chky

62 255525 14.7 047 0.58 - - - 2820 Dol. bu, Wkst-Pkst. hd, chky

63 255582 5.3 0.46 D52 - - - 2818 Dol. bu, Wkst-Pkst. hd

B4 2556.14 281 ar. 42 - - - 2.820 Dol bu. Pkst-Grst. hd. p p vug

B85 2556 40 18.8 15 17. - - - 2857 Dol bm, Pkst-Grst. hd, p p vug

66 2556 86 187 52 6.1 - - - 2827 Dol bu, Pkst-Grst. hd
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Horizontal Permeability Histogram Porosity Histogram
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Horizontal Permeability (Air), mD Helium Porosity, %
Core 586 Median Value ¢ G4smD Core 586 Median Value 157%
Depth 2549.00 to 258546 m Arithmetic average  © 23.90 mD Depin 2540.00 10 2505.46 m Arthmetic average 151%
Formation Aeat (A 3) Formation Arab (A 3)
Field :EIS\S . Field Balal
Wwell . Cum. Capacity — Well BL-31 Cum. Capacity
Company EIf Petroleum Iran Cum. Frequency —_— Company EIf Petroleum Iran Cum. Frequency —
Fig. AR 3 Fig. AR 2

Grain Density Histogram

Cumulative Frequency

Frequency, %

&

Grain Density, glcc (Horizontal Samples)

Cores, : 586 Median Value 283 glec
Depih : 254900 to 258546 m Arithmetic average - 284 glec
Formation : Arab (A 3)

Field : Balal

well © BL-31

Company : Elf Petroleum Iran Cum. Frequency _—

Fig. AR 4
Yose 095 59 oo 5l ol (Sasmd iy sla bl @je a3 g 1) O S
(I ol IS8 5 2loly (55 @95 el S g o 0 Sosl, YL 5

ay



Yo lods Voy90 «ouwlidials 3 9 5,000 aoliliadgs - .y g W (S35 slb idu (S 3dg i (2U5)1 VY (ol )0 g 2onlil

Joily Comdg 5l cnps Uik (b Shge,
bl W o cwliloyedn qrlie [l
i 5 eglgs slaaY sl 5 Sal (s54lsx
M85 Shamgie Jeily Cundg et (S
Lol

Sile wlie) BL-3l o> 0 oy wjle =¥
G = wle,S e o)l 5l Baes (Sy,m
S =il S (e il Cansl o JSAS
S gl vgzae wledlbl bl 5 Gy aisle
Sl 45 ((Seal) (3950 Jodte &l )5 o5
SleMbl qolul Wil cpl abbce 3,55 000
sloggy & d9zge (Wlid me) 9 (Saderh
52 G5l cplps Caslodds (g0 pumds AB GAL
S hgs slils alflax job 4y apys; 5l plas
slagg; wilioe ylsz 095 witas (o udl
(AD) & e g (Ad) F Cie Spw oo
Cwlodgs

&l Sl

e 5 Jole aible bls 5 Sacles |
allie melas )5 g)lilopodle uaige BT 5 503
oSl 2l

&leo o o

S Sl 5o VI 5 IS Glanijle (S35

okl sljT oKils ¢ w8 =l aee ol

iy g pole sl

g0l S oKisls QLms}g: u;slo o
N SYs55 58y b sl (YD)

e SBLEIST 5 il e el ol L
o Pl o9aS

i saisle oLyl egr> (VYAP) (o (e ]
w9 ol Juad

¢

Gan allie ol 4 end ell Slallle bl
Slolaisl gl (S5 ely> owyn el
o ablior s pddedi g JRbS plal (So5den
5y o5 Dyze |y il ms egm Wlsie
o ol slojlogai LL3 )| cpl o s las
S8 a4 lbale oSy cwl el 3
axdl g (959 Amld 2l olomy ol (sl jloges
wlosd polie by GI &j90 a4 Wiy (o LI
slojahl e plple 5 09 Ol
2,0 S92y abul, Siw oS F 9 Supdei
el 4y i AilgS co ool Cawd 4y Sledlbl
clolais! 130 5 adg 5 OlassT cus e
awle 5 SloS bSw 09l e ayiy
Lo sdee S 5 i G55 slaSi (Ko
2 Wloyyls S pgw g0 &5 Mimd oo JoSAS
O 5 el aBF b wl S slS
ol oyes )0 lpl oje g LSl (aaglgs 5 Sl
oloipm ooliale )TAD ¢ Byias) Aitad oyl
OYAL ¢ glods 5

&5 4 —A

ol 5 Jol> Sapuder sloesls wlol y -)
b sl (55 &S 5 e baaijle o BL-S
oy Ak 5o o pal slagg; g LIk il )
e Wl 1y (Gt CulS Ol (i oS
Soslsd Slr0gy Wb Wile yo (Sl slagys;
Al 1y S5 CakaS o e ope W5l
Sjl Jols) BL3I ol 5 il wijls -¥
O 9 Sesdery Skl wlal (S
008 S e (9] 90 & 39z ge (owlid
ke g e «Sol ghelszd b (VL Wb 05
39 OFS s 3OSy b b Cuegled (SO
Ceslonds |5 655k g sl o ie RS
S5y 2 &S R s 4 Sal slhceld



Yo lods Voy90 «ouwlidials 3 9 5,000 aoliliadgs - .y g W (S35 slb idu (S 3dg i (2U5)1 VY (ol )0 g 2onlil

o é‘)“jﬁj"’ 6Lm 0dld )l oolazw! l.: ‘51‘}“.: Jj).w
Olpl eser G ol 5l (S

Schlumberger  website:  www.slb.com.
(06.2017)

Schlumberger “ DSI Dipole Shear
Imager”, www.slb.com.

Ol eslidans (OVAY) & ol s

ey Pla ol oKasls o lacl

5 el Jgol OYAD) g w55l typ «2lo)
Al oLlanl o olen sy oK s
O s

WA o bt 5 el

http://petroleum-
geology.blogfa.com/post/13

WA o Ly oy (Bl b
https://fa.wikipedia.org/wiki

alie (OVYAQ) (o Slosdas ¢ o o 5lo g 5 0015 le
Solowl W3l (s3al9d 9 (Sosudgrn sl yial b
kS (Sypata g Bold (2B polee o
St ol (lpl ulidipe) ezl Galoa

'L)")M

ol OYAD) o S.p oSl ol
REVCC YRR SIS

Top Olegare 1S (Sl ol
(35950 o)l pwiige Jool (1TAR)
ol ol Ll

b)) il ae OYR0) o (Syiee
2 B L Pl Gl wope B (Soseden
)| (el )5 alle) (g npal sloldged s
Dl g pyle oK e pole caSiils
Olpl ewleds ey OYVY) 6o aihae
S g8 b ¢ Yo N STy S puilidie
35S eliBine; lasls

Gl Siw cais il ey dOYAY) w0 oalas
YO.Jsl ol e oyl il o Gl S

@)y beme adlas (YAY) e Glug
I e G Sleogar e
woldy  plae,s (eyeaijle)  dojswasjle
Ol olEails pole BaSiasls sl s SAL,
e g Geme (P ke oo
Sile S el byl AV, e


http://petroleum-geology.blogfa.com/post/13سال
http://petroleum-geology.blogfa.com/post/13سال
https://fa.wikipedia.org/wiki/
http://www.slb.com/

