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Company, variously as Chief Geologist Worldwide Exploration, Regional Manager and
Senior Geological Advisor, responsible for basin evaluations, play analysis, prospect
generation and appraisals in most parts of the world. Retired from Occidental in
2000 and now active as an independent consultant focused on regional stratigraphic
and hydrocarbon petroleum systems analysis.
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Preamble

The Sirt Rift Province is a prolific hydrocarbon province with approximately

30 Bbbls proven reserves. Oil and gas accumulations are reservoired in granitic
basement, sandstones and carbonates ranging in age from Pre-Cambrian to
Oligocene, charged by syn and early post-rift, Triassic and intra-Cretaceous
organic rich lacustrine and restricted marine shales. The key factors governing
the distribution of hydrocarbons in the Province are described in this regional
ArcGIS based synthesis.

The analysis is divided into four modules. These can be linked and combined
together interactively, allowing the interpreter to evaluate a broad spectrum of
petroleum systems by integrating source facies distribution, generative areas,
migration conduits, reservoirs, seals and expulsion/charge timing. The analytic
capability of this approach provides a very efficient way to rank and risk plays
and play trends on both regional and local scales.



WV
\ “(
LYNX "m Sirt Petroleum Systems Analysis GIS

Information Systems y

Study Layout

A dynamically-coupled ArcGIS project with accompanying text, figures and tables.

SECTION I: Regional Stratigraphic Architecture

Tectono-stratigraphic evolution described by regional stratigraphic correlations,
facies maps and facies sections with explanatory text.

SECTION II: Hydrocarbon Distribution

Oil and gas distribution summarized in reservoir description, well test and estimated OHIP
data bases with field structure maps and cross-sections.

SECTION IlI: Hydrocarbon Environment

Key factors responsible for hydrocarbon distribution described by oil family analysis, source
rock distribution maps, 1D basin modelling, integrated 3D basin models and generative areas
with explanatory notes.

SECTION IV: Petroleum Systems Analysis

ArcGIS based petroleum systems analysis capability ~ enabling interactive synthesis
of selected reservoir or stratigraphic horizon and associated oil and gas occurrences
with regional (reservoir) facies, reservoir descriptions, oil family distribution,
generative areas, expulsion timing.and nligration models for key source intervals.
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Underlying Database

The study draws upon an extensive inventory of interpreted maps, well & seismic data
and a number of previous studies undertaken by Lynx, augmented by an exhaustive
review of published work. Key data items utilized include the following:

U Wells database — 8,500 well locations, with formation tops for 3,000+ wells in the Sirt Basin
0 Comprehensive set of georectified and digitised geology maps (IRC 1:1M & 1:250K scale)
U Regional gravity and magnetic (potential field) data

0 Basin-wide digital seismic and wireline log co
[
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OBJECTID * Shape * UWI* F WELL_HM* OPERATOR WD _FT | ELEV_FT | REF_DEPTH_FT | ELEV_REF RESULT WELL_STATUS TD_MD_FT | TD_TVDSS_F 4 (=}
4850 | Pairt 1001397 |A-1-33 DTS 1) 280 300 dry Pa&, 10768 1)
1657 |Point 1001150 | A-13-32 OAZIS 0 1077 1102 oil Completed 3300 0
62352 |Paoirt 2002197 | A-133-59 AHS 1) a3 a ail Completed G700 1)
1211 |Pairt 001400 | A-1-34 BP 1) 564 575 dry P2, 3496 1)
6305 |Paint 2002250 | A-134-59 VWAHA 0 454 1] oil Completed BE11 0
125 |Point 1001405 | A-1-35 BF 0 558 594 dry Pa.A 11524 0
G06E | Poirt 2003926 | A-1-3503 WOCDSIDE 2264 1) a hydrocarbon shows Pa& 17700 1)
3398 | Pairt 1001805 | A-13-59 DTS 1) 496 511 ail Completed BE26 1)
< |
Record: |<| 1 " 1] >| >I| Show: m Selected | Records {0 out of 8474 Selected) Options = |
-0l
OBJECTID * FORMATION AGE VDEPTH | VDEPTHSS TOPS TD UWI* | WELL_HAME | Lat_pt | Lon_pt ﬂ __’.--
3 1|BIR GAZEIL 55 1370 352 |BIR GAZEIL 55 1000000 | &-1-1 26 65444 | 10.42025 i
2 [TANEZZUFT SH. 1430 322 |TAMEZZUFT 5H 1000000 | A-1-1 26 63444 | 1042028
3 SILURIAMN 1430 322 | SILURIAN 1000000 | &-1-1 26 65444 | 10.42025
4 SILURIAMN LOWWER 1430 322 | SILURIAN LR 1000000 | &-1-1 26 65444 | 10.42025
5 ORDOYICIAN UPPER 1830 -85 [ORDOVICIAN LPP 1000000 | &-1-1 26 65444 | 10.42025
5 ORDOYICIAN 1830 -85 [ORDOVICIAN 1000000 | &-1-1 26 65444 | 10.42025
7 |METAMORPHICS 3370 -1618 |METAMORPHICS 1000000 | &-1-1 26 65444 | 10.42025
g 3491 -1739 (TD TOTAL WERT DEPTH (DRIL) 1000000 | &-1-1 26 65444 | 10.42025
] CARBOMFERCUS LOWER 474 1189 |CARBOMFERCOUS LYWR 1000001 |B-1-1 2724775 | 10.54806
10 MISSISSIPPIAN 474 1189 |MISSISSIPPIAN 1000001 |B-1-1 2724775 | 10.54806 . 2 =
11 [MRAR 474 1189 |MRAR 1000001 |B-1-1 2724778 | 1054806 | o| ) 3 L ey w4 g”
Record: ﬂﬂl 1 jﬂ Shaw: Wml Records (0 out of *2000 Selected) M 2y & W *
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Section | Stratigraphic Cross-sections

A series of regional E/W and N/S well correlation sections were created across the
basin. Nine of these correlate lithologic section & formation picks ranging from
early & pre-Mesozoic to early Tertiary (datumed on Top Paleocene), and a further
four correlate Mid-Late Tertiary section datumed on Top Oligocene.
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Section | Lithofacies maps

23 Paleogeographic lithofacies maps were composed which correspond geologically
with the correlation sections, and these demonstrate changing depositional
environment over the area from Early Mesozoic to Late Tertiary.

Triassic-Early Jurassic: distribution and lithofacies

Late Jurassic-Early Cretaceous Lithofacies (Nubian Fm)
Cenomanian Lithofacies (Lidam Formation & Equivalents)
Turonian Lithofacies Etel /Argub Formations & Equivalents)

Campanlan Lithofacies (Lower Sirt Shale & Equivalents)
Sirt-Rachmet Net Organic Rich Shale Isopach

Lower Maastrichtian Lithofacies (Waha &Equivalents)

Upper Maastrichtian Lithofacies: Kalash & Equivalents)

Lower Paleocene (Danian) Lithofacies Upper Satal & Equivalents)

Upper Paleocene (Lower Thanetian) Lithofacies (Dahra & Equivalents)
Upper Paleocene (Upper Thanetian) Lithofacies (Zelten & Equivalents)
Lower Eocene (Early-Middle Ypresian) Lithofacies (Facha & Equivalents)
Lower Eocene (Middle Ypresian) Lithofacies (Hon & Equwalents)
Late Tertiary uplift-doming & unroofing

Middle Eocene (Lutetian) Lithofacies (Gialo Formation)
Mid-Late Oligocene Lithofacies, Najah Group (Arida, Diba Fms)
Miocene Lithofacies
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Section | Regional structure & isopach maps

A series of (8) regional top horizon surface maps were created, ranging from Top
Nubian to Top Oligocene. Regional isopach maps (15) were then derived from
these, with isopach intervals chosen to show increasing sediment loading over time
on four of the key source intervals (Top Nubian, Top Etel/Base Rachmat & Top Sirt
Shale)

Top Nubian Structure
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Section | Report

text

This material was used to support a 450-page written tectono-stratigraphic
summary of the Province, with an appendix updating the classic Barr & Weegar
(1972) treatise with detailed descriptions of each significant lithostratigraphic unit.
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A1-5 BAHI FORMATION
Age: Cenomandan-Maastnchlian
Feneryl Description:

The Baini and Maragh Fomatians represent the hasal part of the Upper Sretaceous tansgrmsson n e
wesha At easlem Sel Province respechely. Balh fermabions comprre dachmnous meo-mane 1
manganal marne dashcs rmnging in age from Alban-Ceromian e Baassnchtan (Fagune 1. 18) Bar &
Wieagar {1572} defiresd the type Babn seclion at A%-33, where il compeises a basal conglomersts
PESSING LEWanEs inte medium o coarse graned prbbly sardsanes, slls and shales with glauconite
appeanng Wwands the top (Fugure BeS). [t cveries the Gargal Formalion (Lowar Palasaani]
unconformatbily, wath Senomanian [Lidam squivalent) shales above. Elsswhere, it 15 overlan and grades
lateraly ik the Turgnian-Maasinchlian iransg SEgUEn0E Akang e Sarks of the mone prominent
harsls (Figures 132, 1.40, 142, 143, 1.44, 147, 81 & Baz1}

Type Section (Bar & Weegar 1972)

Oasks AR (1960
pror gt R O e TR - e o 3

o | B0 (-S54 ) 1o 8763 (-5E270N

Sivatlgraphis Framevwerk:

Irternritbent faull mosverrsenl and incredsing marine influence fram e nath during e earkmsdde
Cretaceous maks the progressive colapse of the Sim it system, Each successve phase of extensiangl
Fauling encouraged retneat of e continental (Lower Cretacecus] Sonr 2ysiem and advance of
fransgressive manng facas bo the sauthin a step wise tasheon. The age of fhe paroxysmal nf evenl &
ungertain, It s brackebed by Cenomanian manne Tauna in the fransgrassve sequends above and by
Apdan chareptytes (Bl Hawat & al. 1086, Viterbo 1954 ) in the Varegated Shale of the Sarir Formation
becdiod. Hiowserniad @ mar late Apdan (7Eary Allian) undonsonmby has been dentied in wessem Libya
This ir m o boenrcls. Hres masi (El-Souia 15980, Fatrm & Sbeta 19691, Fatmi 2l al. 1520,

Hammisda 1571} and is tentatsvely linked to regional rift shoddder uplM, constraining the main phase of

1 of 43

FHIO O

ritting in ghe Sirt Pravince to ke Lower Cretaceous (Figures 1.22 & 1:34).
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Section Il Hydrocarbon Distribution

An systematic effort was undertaken to tabulate oilfield data describing
stratigraphy, reservoir character and estimated reserves for all significant

hydrocarbon discoveries, corroborated and normalised from multiple (and often

conflicting c.f. reserves) sources.
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Section | Report diagrams

A library of selected & redrafted illustrations together with descriptive captions was
constructed to show the regional tectonic framework, key tectonic drivers and
stratigraphic architecture of the more significant 2nd/3rd order sequences of the
basin fill.

TUMATH SUR-BASIN
o T Lot P Eil w1
i (T i i i =

Several high frequency sequences
can be identified building out to the
north (Figure 1.41), constrasting
with the more typical transgressive
backstepping cycles elsewhere. Rising
sea level gradually isolated the more
prominent horsts from the clastic
source area in the south.

Although regional stratigraphic
correlations are poorly constrained,
Ambrose (2000) has identified several
unconformity bounded cycles in the larger
Hameimat region (Figures 1.20 & 1.21),

typically with fluvial and alluvial sa?dstqqe\ '
facies passing up into playa and lacustrine

STRATIGRAPHIC ARCHTECTURE OF THE
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Section Il Field Analogue data

Part of this effort involved the gathering and synthesizing of 200+ published field
maps, cross-sections, seismic examples and type-wells from open file published

field data.

43 wells with type-logs
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Section Il Hydrocarbon Environment — Oil Geochemistry

An analysis of over 150 broadly distributed oil samples from across the Province,
used to identify and map a number of discrete oil families. These were defined by
their A13C and Pr/Py character and described using cross plots and maps with
supporting text and tabulation listing the family (group) of each oil by stratigraphic

horizon . k .
", < Al
L .
f | bepn 2%
T T T T T T T T T T T T T T L | e
ﬁﬂ-\"‘x || I"\. N‘« '.:E;'f?, 4
2= EEEIL‘E,_‘ -, 1 '|‘_ ||‘ , :ll-.- - 1\ :I Ir
i mme s D L S NN RN CYRENAICA
2 Y. s / Y ', 7
-~ g ) ) VRN PLATFORM
=L F LY I s
, . ( [
] =10 = W !

£7 ¢ aromatic

- 'Entﬂ'ﬂ-.cul.rudniwi

1 recardiE} fourd

Sirt Shale-sourced oil groups

L OBIECTID 28
Growp_description SirtRachmat - Marada Group
Growp_abbrevistion RN
i Sub_group SIRAMIE)
e Codour_I0 26-47
r o | et [rascriptian a0 Uppsr Crataiecus | Sim-Rechmat) manne shals
i L __;‘ sourced ofl vary gimilar bo SR-AM Dut with sghtly
- == different T=/Tm ratios, sbundance of tricvclc
S s terpanes, amount of O, tetra-gyclic terpane relative

ko O, Ericychics and distribution of monoaromat:

«:I:-:r.:n:: (0kcn 200560, Motably this group inckided
ails with a wide range of expulsion maturkies | 'Fu:-“

0 _ = e EG 1,230, Ther disbrbution suggests a Wb - i :
P gaenaratiee area within the Marads Graben from | b e S
L o« .- perhaps seversl arganic mch intervals in the larger Y : ol 1| 1\
- St-Rachmat Shals seguene e - """
[ Shapa_Lasgth S52475.033913 ’ . —_ e
\ , TRIASSIC ! ,,\' -~
’ Shapa_Araa FO2IETEZAT0ED \‘x_ R ﬂﬁr Graben .
L LY ;‘_: - __f'
i i - o [
Il Il Il Il Il Il | | | | :-:" h —_ {'-.J b _,I
® £ E: =2 a % x 2 R? —— ._-
%" € sarate N T ‘---,__h _ "-\-"‘w-.-E'i-_...




LYNX

Information Systems

Sirt Petroleum Systems Analysis GIS

Section Il Source Horizon maturation maps

The Interval isopach maps prepared for each key source horizon in Section I, were
converted into regional maturation maps, constrained by 1D basin models obtained

for 10 wells spread across the basin.
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Section Il Source kitchens/Generative areas

These basin history reconstuctions were then integrated with source rock
distribution maps to create generative area maps of each recognized source
horizon through time.

= Etel generative area ak present
s,
Tertiary tectonic influences
=l Etel Maturation, at present day
(] Isopach contours
=l Maturity
Early Mature
=2 Mid Mature
B Late Mature
£ Main Gas Generation
= Etel source Facies
(] Annokation
=] Etel Source Facies
[Restricked matine]
M Interbedded anbydrites and halike
M Crganic rich shales (poorly constrained) distribution

Messla
High
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Section Il Oil migration & charge models

Charge models in both section and plan view were constructed by overlaying field
pool locations, source generative areas and the oil family maps, allowing migration
pathways to be drawn for each contributive source rock through time.

MARADA ZELTEN AJDABIYA AMAL MAREGH
GRABEN PLATFORM TROUGH HIGH GRABEN
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Section IV ArcGIS integration

Section 1V is essentially a logical workflow describing how map layers, sections,
tabular data and supporting text can be selected and assimilated in ArcMap for a
chosen petroleum system, enabling play fairway maps to be constructed

RESERVOIR

AGE

LITHOLOGY

SEAL

Palaeozoic/Basement

pre-Hercynian

clastic/igneous

Etel/Rachmat/Sirt

E {1l Spatid layers

- ! Il ]

Nubian Late Jurassic-Lower clastic Etel/Rachmat El ‘a Sitk_Petroleum_Systerns

Cretaceous -] Field Facies Maps
Lidam/Bahi Cenomanian carbonate/clastic Sirt/Rachmat D Field [sopach Maps
Etel/Agrub/Bahi Turonian carbonate/clastic Sirt/Rachmat D Field Miscellaneous Maps

) ; : ’ ) [ Field Porosity Maps

Tagrifet/Bahi Santonian- carbonate/clastic Sirt ! _

Campanian I:] Field Struckure Maps

Waha/Samah/Bahi

Maastrichtian

carbonate/clastic

Kalash/ Hagfa

I:| Reqional generative areas B migration madelling
I:I Regional isopach maps

Upper Satal/Defa Danian carbonate Rabia /Thalith i ,
s I:l Regional lavers
Beda Montian carbonate Rabia/Khalifa/Upper = ; ; ;
st 1 Fleq!clnal |IthDF§EIE5

I:l Regional maturity maps
Dahra Thanetian carbonate Khalifa i _ ) )

[+-1_1 Regional oil Family groups
Zelten/Upper Sabil Thanetian carbonate (Harash)/Kheir . r_—l Reqgional source rack distribution maps
Facha Lower Eocene carbonate Hon [ +1-|_] Regional structure maps
Gialo Middle Eocene .carbonate l ﬂ Llh';-'a mdb
Diba/Arida Oligocene clastic e E Eﬂ Sirk_Petroleum_Systems. mdb
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Section IV Play Summary maps in ArcGIS

The ArcGIS framework allows users to develop their own ideas by allowing easy
incorporation of in-house company data, and ultimately provides a means for users
to export maps and tables for presentations and shared discussion.

= HYDROCARBON OCCURENCES
=l Mubian field cross-sections
=l MNubian [Sarir [PUC-A tests
o
= PLIC-A reservair discoveries
= PUC-A wells
L
= PLIC-A fields
= cil
= Nubian/Sarir discoveries
= Nubian/Sarir wells
L]
= Nubian/Sarir Fields
il
il and Gas
Qil, @as and Condensate L
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Section IV Common Risk Segment mapping in ArcGIS

This module forms an interactive toolkit for reasonably experienced ArcGIS users
to create combined risk segment maps, a popular method for assessing play risk
and chance potential.

El FACHS HYDROCARBON QCCURENCES
O Field cross-sections
= O Facha penetrations
@
= O Facha wels
]
= Facha figlds
O il
O oil and Gas
O i, Gas and Condensate
= Late Tertiary uplift-doming & unroofing
O Annotation
Lingwork,

O Hercynian subcrop

O Outerap Using the ArcGIS Spatial
[0 sirt deeps .
= Seal (Hon evaporite member) Ana|YSt eXtenSlon, these
[Carbonate platform]
Interbedded halite, anbydrite and dolomite Segment p0|y_gons ElRs Converted
= @ Fachs CRS (flaat) into grids, which are then
Value e e . H
B Hioh ehance (50%) multiplied to derive a combined

play chance map

Low chance {18%)
T ———a




