https://jssr.ui.ac.ir/?lang=en

Journal of Stratigraphy and Sedimentology Researches

E-ISSN: 2423-8007

Vol. 38, Issue 3, No. 88, Autumn 2022, pp 113-144

Received: 02.11.2022

Research Paper

Accepted: 18.12.2022

A workflow to the identification of key sequence stratigraphic surfaces from GR log interpretation; Case studies

of the Sarvak and Fahliyan formations in the Abadan Plain and Northwest of the Persian Gulf

Ali Imandoust = *

MSc in Stratigraphy and Paleontology, Department of Geosciences, Kish Petroleum Engineering, Tehran, Iran
Ali.imandoust@kpe.ir
Omid Reza Salmian
MSc in Petroleum Exploration Engineering, Faculty of Mining Engineering, University of Tehran, Tehran, Iran
omidrezasalmian@ut.ac.ir
Ali Asaadi
Ph.D. in Petroleum Geology, Tehran Energy Consultants (TEC), Tehran, Iran
a.asaadi@tehranenergy.com

Abstract

Gamma Ray (GR) log is widely used to overcome the lack of continuous core samples and thin sections in many subsurface
reservoirs, significantly reducing the uncertainty of presenting a robust sequence stratigraphic framework. The Lower Cretaceous
Fahliyan Formation and Late Cretaceous Sarvak carbonates host important hydrocarbon accumulations in SW Iran and the Persian
Gulf. This study addresses the application of Gamma Ray Dynamic Integrated Prediction Error Filter Analysis (GR D-INPEFA) and
Normalized Cumulative Gamma Deviation Log (NCGDL) curves to discriminate and correlate sequences of the studied carbonates
in two giant oil fieldsin the Abadan Plain and Northwestern Persian Gulf. In the first stage, depositional sequences were
differentiated using the results from the core description and petrographic analysis. In this respect, four and three third-order
depositional sequences were identified in the Sarvak and Fahliyan formations respectively. In the second stage, according to the
turning points of the D-INPEFA and NCGDL curves, they were picked as positive or negative breaks in all studied wells. Based on
calibrating the results from the analysis of D-INPEFA curve with the identified depositional sequences, positive changes (PB) occur
at sequence boundaries (SB) and negative trend (NB) changes are associated with maximum flooding surface (MFS). The trend of
changes in the NCGDL curve compared to the D-INPEFA curve is quite opposite. In other words, Positive Surfaces (PS) correspond
to MFS and Negative Surfaces (NS) occur at SB. The results demonstrate that the proposed integrated method is feasible and

effective to identify sequence stratigraphic key surfaces in similar carbonate and siliciclastic reservoirs of Iran.
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Introduction

The distribution of various components of the petroleum
systems (source, reservoir and cap rocks), generally has a
close relationship with the sequence stratigraphy pattern
(Parvin et al. 2019; Makled et al. 2020). Data from various
sources with different scales, such as microscopic thin
sections study, cores interpretation, petrophysical log
signature, and seismic sections, can be employed in sequence
stratigraphic investigations (Van Buchem et al. 2011; Kadkhodaie
and Rezaee 2017; Tavakoli 2017; Guo et al. 2021; Yong et al. 2021,
Hassan et al. 2022). The identification of key sequence

stratigraphic surfaces is typically done accurately by
information and results provided by cores and microscopic
thin sections study. Nevertheless, cores are only available in
limited and sparse wells as a discontinuous nature due to the
high cost, lengthy process, and limited cores preparation
(Hassan et al. 2022). Hence, it is crucial to identify a method
that, in conjunction with the core data, can provide a precise
and continuous comprehension of the sequence stratigraphic
framework at the well scale.

Petrophysical well log data especially GR log has long
been used in sequence stratigraphic interpretation (Catuneanu
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2006; 2017). Due to its low impact from environmental
factors, stability against diagenesis processes, and availability
in the majority of drilled wells in a field, the GR log is
effectively used in identifying sequences and interpreting key
sequence stratigraphic surfaces (Moghaddasi et al. 2020;
Falahatkhah et al. 2021). The possibility of a comprehensive
understanding of the relationship between key sequence
stratigraphic surfaces, and a numerical interpretation of the
GR log in recent studies is highlighted (Falahatkhah et al.
2021). The curve of D-INPEFA and NCGDL are effective in
identifying and matching key sequence stratigraphic
surfaces (Behdad 2019; Mayhoub et al. 2019; De Jong et al. 2020;
Moghaddasi et al. 2020; Khalili et al. 2021; Yong et al. 2021;
Kassem et al. 2022).

In this study, the application of GR D-INPEFA and
NCGDL curves to discriminate and correlate the sequence
surfaces of the Sarvak and Fahliyan formations in two giant
oil fields in the Abadan plain and Northwestern Persian Gulf
was investigated. This study was conducted to reveal the
response of GR D-INPEFA and NCGDL curves to key
sequence stratigraphic surfaces including SB, MFS, and
systems tracts.

Material & Methods

By integrating the results of core intervals description, thin
sections study and GR well log data from the Sarvak and
Fahliyan formations in two giant oil fields in the Abadan
Plain and Northwestern Persian Gulf, it was possible to
identify and present sequence stratigraphic framework. For
sequence stratigraphic analysis in this study, we employed
the van Wagoner model (Van Wagoner et al. 1990). In this
model, a depositional sequence is discriminated by
identifying two key surfaces including SB and MFS, as well
as the transgressive system tract (TST) and high-stand system
tract (HST). The integration of petrography analysis and core
descriptions was employed to identify the main facies in the
studied carbonate succession. Afterward, SB and MFS have
been interpreted by integrating interpreted facies and main
diagenesis features related to disconformity surfaces. Finally,
the identified depositional sequences based on geological
studies were compared to the discriminated turning point in
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cyclostratigraphy via INPEFA and NCGDL curves.
Ultimately, the efficiency of this numerical method was
determined based on correspondence and agreement of the
results with the discriminating of the depositional sequences
via geological interpretation.

Discussion of Results & Conclusion

In the D-INPEFA curves, the upward trend is called the PB
and the downward trend is called NB. The positive trend
represents transgressive and the negative trend represents
regressive. The positive changes in PB occur at SB and
negative trend changes in NB show MSF. On the other hand,
the trend of the NCGDL curve completely shows the opposite
trend of the D-INPEFA curve. The turning points of the
NCGDL curve, including PS and NS, correspond to some
levels of maximum inundation and SBs, respectively.

The following findings were obtained after investigating
the sequence stratigraphic framework of the Sarvak and
Fahliyan formations in two giants of fields:

1- Four and three third-order sequences were identified in
the Sarvak and Fahliyan formations respectively, based on
facies interpretation and the pattern of shallowing and
deepening facies trends. The disconformity surfaces which
are recognized as an SB are discriminated by some evidence,
including karstification and brecciation.

2- In general, GR log interpretation and calculating
INPEFA and NCGDL curves show that PB and NS occur at
SB, NB and PS show MFS. As a result, such picked breaks
and surfaces are timelines that can be calibrated with facies
changes and key sequence stratigraphic surfaces and
correlation in the field scale.

3- The relationship between the turning points of the D-
INPEFA and NCGDL curves with sequence stratigraphic
surfaces is not absolute, and in some cases, this relationship
can be ambiguous, inverse, or unrelated. In other words, to
reduce the uncertainty in the presenting sequence stratigraphy
correlation with these curves, the sequences should first be
identified through the results of the direct data including core
and thin section, and use these curves for correlation after
presenting the sequence framework.
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Fig 2- The location of the investigated field (B) has been marked in the northwestern part of the Persian Gulf. In
this field, the position of three key wells is shown. b) The stratigraphic column and lithological characteristics of
the Surmeh, Hith, Fahliyan and Gadvan formations in key well B2 along with the position of the Jurassic-
Cretaceous boundary discontinuity have been determined. c¢) The stratigraphic column of Fahliyan Formation

and the changes of the gamma ray well log in association with informal member of the Fahliyan Formation
(Middle Yamama, Upper Yamama and Khami) in key well B2 are shown.
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sea level changes (Van-Buchem et al. 2006). The sequences in the third order scale have been determined and
compared with regional sequences of the Arabian Plate (Sharland et al. 2001).
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Table 1- A summary of the data used in the two hydrocarbon fields A and B from the Sarvak and Fahliyan
formations, respectively is shown.
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Table 2- Description of 8 identified sedimentary facies in the Sarvak Formation in field A positioned in the
Abadan Plain province
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Table 3- Description of 8 identified sedimentary facies in the Fahliyan Formation in field B positioned in the

northwestern Persian Gulf
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Fig 4- Thin section and core photomicrographs from 8 sedimentary facies identified in the Sarvak Formation in
field A is shown (all images of thin sections were prepared in PPL light). For more explanations regarding these
facies, refer to Table 2.
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Fig 5- Thin section and core photomicrographs from 8 sedimentary facies identified in the Fahliyan Formation
in field B is shown (all thin sections photomicrographs were prepared in PPL light). For more explanations

regarding these facies, refer to Table 3.
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2 Depositional Sequence Fahliyan (DSF)
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Fig 6- The results of petrographic analysis along with the results of biostratigraphy and differentiated
sequences in the Sarvak Formation in the studied field in Abadan Plain. In addition, core and thin section
photomicrographs from important key stratal surfaces (sequence boundary and maximum flooding
surfaces) have been displayed.
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Fig 7- Core and thin section photomicrographs of key sequence stratigraphic surfaces (sequence boundaries (SB)
and maximum flooding surfaces (MFS)) identified in the Sarvak Formation of the studied field are shown.
Generally, SB surfaces are defined by the evidence of Kkarstification and brecciating and MFS surfaces
characterized by development of open marine facies. For more details, please see text.
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Fig 8- The results of petrographic studies along with the biostratigraphy analysis and sequence stratigraphy
framework of the Fahliyan Formation in the studied field in Northwestern Persian Gulf.
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Thin section and core photomicrographs from
stratigraphic key surfaces
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SS: Solution Seam
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Fig 9- Core and thin section photomicrographs of key sequence stratigraphic surfaces (sequence
boundaries (SB) and maximum flooding surfaces (MFS)) identified in the Fahliyan Formation of the
studied field are shown. Generally, SB surfaces are defined by the evidence of karstification and MFS
surfaces characterized by development of open marine facies. For more details, please see text.

55 31l s 50l il b il s 3 Lo gas o i 6,k 5 L s gas
= 5 Ol Sl a5 Ll Jla sl Js ) N sl sls sl =t ) PRV WU PN
ﬁbl_iA u.dl_w“).’ ‘\j JJ_JL}_A QJL:L:...»‘ &‘Lwl’r.ﬂ LSLA)‘))M ;Kﬂ; LSJKJA_".‘?: 9 s _b_:;r_‘ -~ 35 BE aJ_.j;a_}LiL.q‘

f-l  https://doi.org/10.22108/jssr.2022.135581.1246 @ https://dorl.net/dor/20.1001.1.20087888.1401.38.3.5.2


https://doi.org/10.22108/jssr.2022.135581.1246
https://doi.org/10.22108/jssr.2022.135581.1246
https://dorl.net/dor/20.1001.1.20087888.1401.38.3.5.2
https://dorl.net/dor/20.1001.1.20087888.1401.38.3.5.2

VP 5k p s oled M gl o5lad o2ty oo Jl o ol sy 5 6,800 sla2asn A

e Sl v N0 e s At s SY SG Csoa polis
Sl ar g Lo e Sl (SY (S0 5l Alsl)
Ll s Ol 50 5 LS Sls sl ol s PEFA e
s o oled o ) m SOe gl o e
il 13 ped Olse L (503 ot Olssas ool 655
e o Sealys gl A U
eoUis Ly DAINPEFA s sad w3lpay 558 e axi L
Ol 30830l 45 Coullast wem slis INPEFA
Syt ol o) S 5 o2Bly palie o glax
.(De Jong et al. 2006) <.l e

JSCs s INPEFA 5 PEFA (sLajls pod dralone i,
CIl= 4 4 o L .(Nio et al. 2014) ol ol o5ls QLS Ve
D-INPEFA 1, &1 0155 o ANPEFA s a5 dls sl 5
1) pssis o D-INPEFA 5 INPEFA i3 ol 53 a .l
D uslie Ol s Il ol Sy b 5 S s il
Y i 5(PB) i &ype s34 s ) b v 3l INPEFA
) Ol et Ay, &S o cibe LG 555 0 0dss (NB)
Nio ) 355 so oslinnl ulidans BLLl 53 (S o jasis
PB # v Losas  ulidans i olul; (et al. 2014
NB g blis 03 5 il 550 p Geate 3500 2t 52
{(De Jong et al. 2006) cusl U5 Shi= ~ s 5 Gilate
bl il (LS s ) Bl 325 L
5ia DS L S el 3 o pasia PB-NB o
b ey Sl i 5l ol gy Gl K
Sl o3 5 s 3yl pe 53 K03 Sl w55 Gt
s ke L b ol 155 e c535 50 lalllan
o5 e euldair SIS sk 5 INPEFA Sl 50

il B ost Yol b

10 Dynamic Integrated Prediction Error Filter Analysis (D-
INPEFA)

" positive Break (PB)

12 Negative Break (NB)

d https://doi.org/10.22108/jssr.2022.135581.1246

L il mshans 5 s b SN 5 i (s30s
Krassay 1998; Nio et al. 2014; Tavakoli ) J_S o a5 i
s ot Lo gas 45 LIS ls god Ol ks Ly, elal 5 (2017
PUSa S 5 ol sl ¢ as gl S5 sl
T s a3 5 Dby LS ST e
L Loyl ys (Krassay 1998) 555 0 a3l il (gJS
Sl il S Sl 0k b yme Sl ol 5o
UT i Al 10 5 L Jlae Ol s e
Nio et al. 2014; ) 553 o esliiul Soloys gllas s
ooy et Sy s sl i s (Tavakoli 2017
53 &l 5,5 s NCGDL 5 D-INPEFA (sl sovie fulons

Sealiys gl ity b AAS ST )
Slalllas 53 03 7S S pmany SIS 58l )
Glaslaged Jdos 5 a2 G bl (il lidasr
De Jong et al. 2006;) 5 5 o esliiusl (LolS o5 sas S 5d s

L 53 D-INPEFA 5 PEFA s 5ai 53 Lo sae .(Soua 2012
D- 1o gad dwle gy 358 o dnsloes LS 1 5l Jels
LelS 15 3as o Il aS el &y 5o ol 40 INPEFA
Rasolui Ghadi et al. ) S5l e rl;u'l Mlas i) J;“JUT S
oslizal b Ll slie  das 530 G 5o ke ool 4 (2022
Sledons o e 3 358 e dalons Ol g s K )
ol e olie ¢ Glolomn 5 53 LB slie 5 Jol>
Gl (Clgn o e dals odd ol LS
L s erio LS Siiabs 5 o3l polie s s i
ol g o odual Uax 2l JUT o 5o L PEFA Ol se

! Box Shape

2 Bell Shape

% Funnel Shape

* Symmetrical Shape

> Bow Shape

® Gamma Deviation Log (GDL)

" CycloLog

8 prediction Error Filter Analysis (PEFA)
® Filter Coefficients

@ https://dorl.net/dor/20.1001.1.20087888.1401.38.3.5.2


https://doi.org/10.22108/jssr.2022.135581.1246
https://doi.org/10.22108/jssr.2022.135581.1246
https://dorl.net/dor/20.1001.1.20087888.1401.38.3.5.2
https://dorl.net/dor/20.1001.1.20087888.1401.38.3.5.2

VYO [)‘)KAA}W}J u’“‘i“,sl‘;

S lsped s 3y bl S SIS sl Sllis 5,

Prediction Error Filter Analysis (PEFA)

Normalized Cumulative Gamma Deviation Log (NCGDC)

Stage | Stage 2

>

Data Coeflicient
GR 1 * Cl =
< GR2 * c2 -
& &)
= *
GR3 C3 —
z.
Q' GR 4 * C4 —
S GR C
ikn n —
0 *
(oW
Z
: Actual
E Value
88
(=)
PEFA=Error in Prediction
INPEFA={(GR1-Y 1)+(GR2-Y2)+(GR3-Y3)+(GR4-Y4)+....(GRn-Yn)}
PEFA=
INPEFA=

dtage 3

GR Log Prediction Filter Predicted GR
value PEFA and INPEFA

Y

Example Value

DEPTH (M)|PEFA_GR |D-INPEFA_GR
2700.071 | 0.2678 0.2588

2700.2234 | -0.3657 0.2431
2700.3758 | -0.2817 0.2646

2700.5282 | 0.298 0.2811
2700.6806 | 0.0779 0.2637

2700.833 | 0.3006 0.2591

2700.9854 | 0.0985 0.2415

2701,1378 | -0.1788 0.2357

Yn 2701.2902 | -0.183 | 0.2462

2701.4426 | -0.149 0.257

2701.595 | 0.0531 0.2657

PfcfiiClCd 2701.8998 | -0.0322 | 0.2482
Value 2702.0522 | -0.0875 |  0.2501

2701.7474 | 0.2462 0.2626

2702.2046 | 0.0257 0.2552

2702.357 | -0.0283 0.2537
2702.5094 | 0.0299 0.2554
2702.6618 | 0.106 0.2536
2702.8142 | -0.0114 0.2474
2702.9666 | -0.1057 0.2481

Sl PEFA ls 55 slhs aazw 55l INPEFA i 50 .ol sas jasein INPEFA 3 PEFA 550 s Glelows iy, -V S
el ol 0sls pLES A2 ol> 51 oS s Sy ol b g sddawlow polis ‘_;\L’u (Nio et al. 2014)

Fig 10- The calculation procedure for determining the PEFA and INPEFA curves has been presented. The
INPEFA curve is the cumulative error values of the PEFA curve (Nio et al. 2014). An example of calculated

values by this method is shown in a part of well A-2.
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Fig 11- The methodology process of calculating the NCGDL curve is presented. The NCGDL curve is calculated
based on the deviation from the mean of GR well log (with some modifications from Tavakoli 2017). An example of the
values calculated by this method is shown in a part of well A-2.
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Fig 12- The schematic scheme of the changes in the turning points of the D-INPEFA and NCGDL curves and the
key sequence stratigraphic surfaces including the sequence boundaries (SB) and the maximum flooding surfaces
is presented. The trend presented in this figure shows the common changes of sequence stratigraphic surfaces in
relation to the turning points of these curves. In some cases, these changes in turning point of INPEFA and
NCGDL curves cannot be related to sequence stratigraphic surfaces.
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Table 4- The relationship between the turning points of the D-INPEFA and NCGDL curves and the key sequence
stratigraphic surfaces in the Sarvak and Fahliyan formations of the studies fields.
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Fig 13- Correlation of identified sequences in the Sarvak Formation via INPEFA and NCGDL methods is
presented in three studied key wells in one oil field in the northwestern part of the Persian Gulf. These two
methods can be used efficiently together to identify and interpret sequences in heterogeneous reservoirs.
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Fig 14- Correlation of identified sequences in the Fahliyan Formation via INPEFA and NCGDL methods is
presented in three studied key wells in one oil field in the northwestern part of the Persian Gulf. These two
methods can be used efficiently together to identify and interpret sequences in heterogeneous reservoirs.
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