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Abstract

Neocomian strata (Makhul, Minagish, and Ratawi Formations) of southwest Kuwait were studied to evaluate additional exploratory
opportunities. Cores, well logs, and reports from over 50 key wells were used to identify stratigraphic trends and refine play concepts.
Stratigraphic analysis and mapping resulted in better understanding of stratigraphic context and paleogeographic distribution of
potential reservoirs.

Neocomian strata in Kuwait are interpreted as sequence comprised of a TST represented by the Makhul Formation and an HST
represented by the Minagish and Ratawi Formations (Sharland et al., 2001). In this study, these strata are interpreted as multiple
seaward-stepping cycles. The Makhul Formation represents a four-part asymmetric cycle, the lower three cycles stepping seaward and
the upper cycle stepping landward. The Minagish Formation conformably overlies the Makhul Formation and is interpreted as a two-
part asymmetric cycle, the lower fall hemicycle stepping landward and the upper rise hemicycle stepping seaward. Finally, the Ratawi
Formation constitutes a two-part fall asymmetric cycle where the Ratawi Limestone cycle steps seaward and is overlain by a more
“clastic” cycle which also steps seaward.

Using regional mapping, this study updated previous work and identified the following stratigraphic and paleodepositional trends that
may control the distribution of reservoirs. The Makhul Formation changes facies from higher energy conditions in the SW to lower
energy conditions in the NE (i.e. Middle ramp - inner ramp to outer ramp). The Minagish Formation shows oolitic facies only at the
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Rugei, Minagish, Abdaliyah, and Umm-Gudair Fields. Facies change toward lower energy conditions from SW to NE. Finally, The
Ratawi Formation changes from higher to lower energy facies from SW to NE.

Paleogeographic mapping of the Ratawi Shale member revealed an important reentrant feature. This feature is characterized by the
presence of shaly facies located at the Minagish and Umm-Gudair Fields which are surrounded by sandy facies at the Rugei and
Dharif Fields.
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INTRODUCTION

Makhul, Minagish and Ratawi Formations: 16 Ma time
span, and more than 2500’ of section in SW Kuwait.
Need for Higher resolution knowledge.

Makhul Formation: Progressively recognized as non-
conventional reservoir (Source and reservoir, plus dual
porosity character.

Minagish Formation : Vertical and lateral facies
change from Oollitic to Shalier Limestones and patchy
nature within Kuwait.

Ratawi Formation : Change from Carbonate ramp to
first deltaic pulse in Kuwait.

Re-visiting the Lower Cretaceous prospectivity.
Reviewing what we “Know” and defining questions for
near future.

Looking to KOC 2030 strategy.
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STRATIGRAPHIC CONTEXT FOR
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MAKHUL FORMATION
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MAKHUL FORMATION

Lithology & Facies Distribution
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Packstones, Wackestone, Mudstones and
Argillaceous lime mudstones
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MAKHUL FORMATION
THICKNESS MAP
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MINAGISH FORMATION
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THICKNESS MAPS: MINAGISH OOLITE
AND MINAGISH LIMESTONE

E731a5
TEREaE
725Eam
75AEAR
775eRE

3259263 3259263

678165
7E0000

3259263 3258888 3250088

3258800

Jzzo08a8 3275088

3z2z5e0@

3zapeaEn

IzEReEE FzeaaEE

3175844

581849
aRaae .

3179844 31798494

Sp18L9

=] =] -] =]
= ] i =]
&= o = on
&= = =3 [e)
= =
= = = =

www. kockw.com Prospective Carbonate Neocomian Trends in SW Kuwait, AAPG ACE, Long Beach 22 -25 April , 2012.

iy

.§f

|
it
1

Jods
4

",;4‘

BOASLL - 775088

3259263

3zoepan

3z25008

3Zepaan

3179644




NG
[
74

MINAGISH DEPOSITIONAL MODEL

A iy A Aty e
f T

Conventional Model Play Concept — Minagish Fm

Abu Dhabi coast
(from Harris and Kowalik, 1994).

www.kockw.com Prospective Carbonate Neocomian Trends in SW Kuwait, AAPG ACE, Long Beach 22 -25 April , 2012.




RATAWI FORMATION
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RATAWI SHALE

AN
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o Description Environments e
Sandstone; light grey, calcareous, bioturbated. Middle shoreface
Sandstone; light to medium grev, fine-grained, dark brown oil staining. Middle-upper shoreface
Conglomerate; with 1-2cm diameter rounded hkelv clav pebbles.
Shale; medmm grey, smooth, calcareous. Offshore
Sandstone; light greensih grey, fine-medium grained, nodular appearance Middle shoreface
due to bioturbation.
Core Sandstons; medium grey, dark brown oil staining, fme-medium grained,
GR dark brown oil staining, homogenous with rare horizontal lamination, Upper shoreface
prominent white specks.
Middle-lower shoreface
Sandstone; light vellowish grev, fine-gramed, highlv bioturbated, non-
calcareous to slightly calcareous. .
Bundled mm-dem thick sand-shale lavers with mud cracks atbase of beds. | Intertidal
Shale; medmm grey, mm-3cm thick beds, smooth m touch, sharp based. Below wave base offshore
Sandstone; light greenish grey, medium-grained, grain size increases .
and bioturbation decreases upward, gradational shale-sand zones. Middle-upper shoreface
Bundled sand-shale layers, wavy, npple lammated, some erosively based. } ;.. a0
Sandstone; medium grey, fine-medium grained, dark brown oil staining,
specked, horizontal lamination, coarsens upward. Upper shoreface
Shale; medum grev, fossiliferous, dense, very calcareous, locally
grades to argillaceous hmesione. Offshore below wave base
Sandstone; light grey, ripple laminated sand drapes, low-fair bioturbation. | Lower shoreface to offshore
Sandstone; light greenish grev, fine-medium grained, thoroughly bioturbated. | Middle-lower shoreface
Sandstone; thin bedded quartz arenite with weathered appearance. Beach-upper shoreface
(From Saif Tanoli)

CORE DATA
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RATAWI LST AND RATAWI SHALE THICKNESS MAP

|
it
1

wn = =] =3 =
@ = =] 2 =]
wn = @ = =
pony = o = = =] @ =] = =
= = = = =
I = o ol o pons = b= = &
@ o~ o - o~ [ = I n r~
@ = [ [ [
3259263 3258283

3258263 3259263

325npe@ 3250080
3250888 3250800

3225000 3225088 3225090 3225880

Jzueann GZBEERE zrpaana s7a0000

3179844 31759844 3173844 3179844

m -1 ~1 ~1 ~1
-3 =) ™ i -1
W = w = o
— = = = =
= = = = =
o @ = = =)

S@14948
BRRAEL
@EasZL
BERRss
BRASLL

www.kockw.com Prospective Carbonate Neocomian Trends in SW Kuwait, AAPG ACE, Long Beach 22 -25 April , 2012.




AN

RATAWI FORMATION PALEODEPOSITIONAL MODEL

Ratawi Shale Member
Facies Trends

Sheaibe with meone
thean Z5% limestons
Sl with mincr

Shmbe with bess

then 25% samdctone
Shealbe with mare
thean Z5% sandstons
Samdstons With minor

| From Jackson, 2004 |

Eastern limit of
main Ratawi Sands

%,mf

A iy A Aty e

Ratawi- 137 Ma

Ratawi Limestone Member
Facies Trends

| From Jackson, 2004 |

T o 10
\

A

VERY SCHEMATIC IDEALISED PROXIMAL TO DISTAL PROFILE OF THE LATE TITHONIAN-MID

VALANGINIAN STRATIGRAPHY

PROXIMAL

- Basinal carbonates

D inner to Mid Ramp carbonates

. e

- Mid to Outer Ramp carbonates

foa mﬂ

No vertical or horizontal scale
No relative thickness of unitsis implied

(From: Crittenden 2011).

DISTAL

SBJ;;E

Makhul Formaton
—organic rich unit

www.kockw.com

FEETE )

1easen

117944

Sandy Facies

LT
Tapene

E’Shaly Facies

R

R

Séndy Facies

Prospective Carbonate Neocomian Trends in SW Kuwait, AAPG ACE, Long Beach 22 -25 April , 2012.



AN

RATAWI FORMATION PALEODEPOSITIONAL MODEL
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* RESERVOIR MAPPING AND CORRELATIONS
FOR LOWER CRETACEOUS UNITS.
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LOWER CRETACEOUS RESERVOIR MAPPING
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LOWER CRETACEOUS RESERVOIR MAPPING
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OIL SHOWS FOR LOWER CRETACEOUS
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SUPPORTING LOG AND PRODUCTION DATA

&
o
Y O o

B i et byl ]
ASubsichary of Kawalt Patraieum

X-axis

660000 680000 700000 720000 740000 760000 780000
1 1 1 1 1 1 .
3330000 = |- 3330000
3320000 - OIL SHOWS |- 3320000
3310000 — RATAWI - 3310000
3300000 3300000
) 3290000 — |- 3290000
X-axis
660000 680000 700000 720000 740000 760000
L L ‘ L L L 3280000 | - 3280000
e PRODUCTION |- 3260000
3270000 — 3270000
3250000 — m [~ 3250000 Y-axis 3260000 — 3260000 Y-axis
3250000 — |- 3250000
3240000 — I 3240000
3240000 — |- 3240000
3230000 — I 3230000
Y-axis Y-axis
| 3230000 — |- 3230000
3220000 — . I 3220000 *
g 3220000 — |- 3220000
s
EAE
3210000 — B I 3210000 3210000 — |- 3210000
e 3200000 e - 3200000
3200000 — B I 3200000
& 3190000 — | | | | | | | I 3190000
swooo A s 660000 680000 700000 720000 740000 760000 760000
660000 680000 700000 720000 740000 760000 K-axis
X-axis

www.kockw.com Prospective Carbonate Neocomian Trends in SW Kuwait, AAPG ACE, Long Beach 22 -25 April , 2012.




HIGHER RESOLUTION MAPPING AND STRATIGRAPHIC
CONTEXT

P 1L L LY 1]
PP P LT EG

ARSI ERRERNE

o Y N I N N O (U

| i1 11

O O L O O |

R R S

HEAEE RN

(O I O O I B

www.kockw.com Prospective Carbonate Neocomian Trends in SW Kuwait, AAPG ACE, Long Beach 22 -25 April , 2012.




X-axis

660000 670000 680000 690000 700000 710000 720000 730000 740000 750000 770000
1 i 1 i 1 i 1 i | 1 i L i | i
3265000 — e - = 3265000

3260000 — 4 = 3260000
3255000 — & 3255000
3250000 — \ 3250000
3245000

3240000 —
3235000 = = 3235000

3230000 — / 3230000

Y-ax

is Y-axi
3225000 | 3225000

3220000 _ f- 3220000

3215000 — T " R 3215000

3210000 — » : L SE - : {-3210000

3205000 — 47 C - S | | |- 3205000
3200000 B : | 3200000

3195000 — : i ' {~ 3195000

J18uUUUD —

T T T T T I T T T
660000 630000 700000 720000 730000 740000 750000

www.kockw.com Prospective Carbonate Neocomian Trends in SW Kuwait, AAPG ACE, Long Beach 22 -25 April , 2012.




&

PROSPECTIVITY OF MINAGISH AND MINAGISH (%~
OOLITE Wl
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PROSPECTIVITY OF RATAWI SHALE TOP ’:
STRUCTURE —
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SUMMARY AND CONCLUSIONS 1

e e

. Trends of Lower Cretaceous Units, Makhul-Minagish-Ratawi prospectivity
from north wells (UR, DF) were extended to S (MN, UG) and further N.

 Depositional strike trends seem to go NE to SW, where Shallower facies
are toward SW.

 Reservoir distribution is impacted by irregular shoreline and patchy
nature of carbonate bodies. Definition of prospects will be helped for
juxtaposition of mapped quality reservoir areas and fault bounded areas.

« Minagish Oolitic facies (Shoals) change north to Shalier Limestones
facies (Middle-Outer ramp) but oil shows still favor the prospectivity of the
area.

« Minagish Fm deposited on an embayed ramp. Deeper water (similar to
Makhul) deposits are likely to occur within the facies trends, both as
embayments, and perhaps in local bathymetric lows.

« Ratawi Shale is the first clastic unit after carbonate basin is poisoned.
Detailed mapping of this reservoir is crucial to determine its true
potential.

* Higher resolltonWerkWiiimpronsd dair Aantity.Aand.aualiamilbaslp to

wwkeckW.Cofin  the subtle prospects of the future.




Thank You...

QUESTIONS?
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