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Abstract 

Introduction 

The Mauddud Formation in the Burgan field and neighboring areas was studied in order to: (1) perform a sequence stratigraphic study; (2) 
perform a diagenetic study; and (3) to produce paleogeographical maps and reservoir quality maps. The ultimate objective was to discuss the 
relative impact of depositional architecture and diagenesis on the distribution of reservoir properties. Method Several methods were engaged in 
this study, including core logging (910ft from 26 wells at 1:50), petrographic qualitative and quantitative analysis of 113 stained and 
impregnated thin sections, and the integrated reappraisal of an extensive database of plug Routine Core Analysis (RCAL).  

Results and Conclusions 

Most of the limestone lithofacies defined in the Mauddud Carbonate Member display mud-supported textures, with skeletal grains, and 
especially green algae and orbitolinids, grain-supported textures being extremely rare. The sequence stratigraphic interpretation shows that the 
Mauddud Carbonate Member corresponds to the regressive phase of a 3rd order sequence, composed of 2 successive parasequences, M1 and 
M2. The regressive part of M1 corresponds to a NE progradation of shallow marine deposits over deeper facies. The M2 transgressive phase 
corresponds to a limited flooding with a SW retrogradation of the depositional facies belts. Finally, the regressive part of the M2 parasequence 
corresponds to the extension of inner platform settings throughout the study area. The top Mauddud is a key sequence boundary, with a karst 
system developed at the Late Albian, when the Burgan area experienced a significant uplift prograding from the SW to the N-NE. Sedimentary 
facies, with the dominance of mud-supported textures, together with diagenesis, are responsible for the high proportion of microporosity within 
the matrix and grains in the Mauddud, which is confirmed by RCAL data, with porosity reaching up to 35% or more, but permeability never 
exceeding 100mD. Porosity maps generated for the M2 parasequence show a consistent pattern of increase of porosity from NE to SW close to 

mailto:benoit@cambridgecarbonates.co.uk


the uplifted area. This confirms the impact of the Late Albian subaerial exposure and associated meteoric diagenesis on the distribution of 
reservoir properties, with possible preservation and enhancement of micrite microporosity.  
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Introduction – Location of the Burgan field area
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Introduction – Aims of the study and methodology

• Facies analysis
– Define lithofacies and facies associations, 

from core descriptions and microfacies

• Sequence stratigraphy
– Integrating core and well data
– Constrain the reservoir architecture
– Provide a solid framework for diagenesis 

study

• Examine the controls on porosity 
development/destruction and define a 
diagenetic history

• Understand the stratigraphic and spatial 
distribution of poroperm properties

• Core logging
– 26 wells
– 910 feet logged at 1:50
– 113 samples

• Petrography
– Thin section description of 

carbonate stained and 
impregnated TS

– A complete table recording all 
microfacies aspects (textures, 
allochems), and diagenesis 
insights

• Integration into Petrel



Introduction – Regional lithostratigraphy

Van Buchem et al. (2011)
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Local lithostratigraphy
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LITHOFACIES AND DEPOSITIONAL 
ENVIRONMENTS

Depositional models: Mauddud clastic Member and Mauddud carbonate Member



Lithofacies and depositional environments – Summary

• 19 lithofacies
– 8 Limestone lithofacies
– 4 Mixed Lithofacies
– 7 Clastic Lithofacies

• 5-6 depositional environments
– Tidal Flat
– Shallow delta
– Inner platform low energy
– Inner platform high energy
– Mid platform
– Outer platform

Mauddud carbonate Member

Mauddud clastic Member + Wara

Transition

Depositional system 
evolved through time 

(ramp to shelf?)

• Lithofacies were defined using all 
micro- and macroscopic information 
(texture, allochems, sedimentary 
structures, bedding styles, burrows)

• Lithofacies were grouped in 
associations with a similar depositional 
environment meaning



Mauddud clastic Member (and transition) depositional model
• Clastic Lithofacies 1, CLF1: 

Glauconitic argillaceous 
sandstone

• Clastic Lithofacies 2, CLF2: 
Glauconitic argillaceous bioclastic 
sandstone

• Clastic Lithofacies 3, CLF3: 
Laminated mudstone to siltstone

• Clastic Lithofacies 4, CLF4: Fine to 
medium-grained clean sandstone

• Clastic Lithofacies 5, CLF5: 
Bioturbated faintly laminated 
slightly argillaceous siltstone with 
Glossifungites ichnofacies

• Clastic Lithofacies 6, CLF6: 
Bioturbated faintly laminated 
slightly argillaceous siltstone to 
sandstone with Cruziana 
ichnofacies

• Clastic Lithofacies 7, CLF7: Thinly 
laminated and bioturbated 
mudstone to argillaceous siltstone

• Mixed Lithofacies 1, MLF1: 
Sandy bioclastic slightly 
argillaceous wackestone to 
packstone

• Mixed Lithofacies 2, MLF2: 
Sandy bioclastic and 
peloidal packstone to 
grainstone

• Mixed Lithofacies 3, MLF3: 
Bioturbated sandy 
bioclastic wackestone

• Mixed Lithofacies 4, MLF4: 
Slightly sandy and 
argillaceous bioclastic
wackestone



Mauddud carbonate Member depositional model

• Limestone Lithofacies 1, LLF1: Peloidal and 
bioclastic grainstone

• Limestone Lithofacies 2, LLF2: Rudist-rich 
peloidal grainstone/floatstone

• Limestone Lithofacies 3, LLF3: Bioclastic and 
peloidal packstone

• Limestone Lithofacies 4, LLF4: Bioturbated 
bioclastic packstone with intense 
micritisation

• Limestone Lithofacies 5, LLF5: Bioturbated 
bioclastic and peloidal packstone

• Limestone Lithofacies 6, LLF6: Bioturbated 
slightly argillaceous bioclastic wackestone

• Limestone Lithofacies 7, LLF7: Compacted 
bioturbated slightly argillaceous bioclastic 
wackestone

• Limestone Lithofacies 8, LLF8: Bioturbated 
mudstone to wackestone



SEQUENCE STRATIGRAPHY



Sequence stratigraphy – method

• 3 correlations 
panels

o N-S X section 1 
(blue)

o NNE-SSW X 
section 2 (green)

o NNE-SSW X 
section 3 
(yellow)

A/S>1

A/S<1

A/S=accommodation/sedimentation

MFS (Maximum Flooding Surface)
Transgressive phase

Regressive phase
SB (Sequence Boundary)

SB=maximum regression and/or subaerial exposure



Sequence stratigraphy – Reference correlation panels



Sequence stratigraphy – Maps of depositional environments

M1

M2

Parasequence M1 MFS Parasequence M1 Regression (late HST)



Sequence stratigraphy – Maps of depositional environments

Parasequence M2 MFS Parasequence M2 Regression (late HST) M2b regression

M1

M2



DIAGENESIS
Petrographic investigation in the Mauddud carbonate Member



Carbonate Paragenetic sequence



Diagenesis and reservoir properties distribution at the parasequence scale



Karst features – Top Mauddud surface and cavities

Top Mauddud 
Unconformity

Karst cavity

Glauconitic sand



Completely dolomitized well(s)



IMPACT OF DEPOSITIONAL CHARACTERISTICS 
AND OF DIAGENESIS ON POROPERM

RCAL data treatment



Mauddud carbonate Member RCAL dataset

0,01

0,1

1

10

100

0 5 10 15 20 25 30 35 40

Pe
rm

ea
bi

lit
y 

(m
D)

Porosity (%)

H_Mauddud carbonate
Member

V_Mauddud carbonate
Member

y = 0,0219e0,2061x

R² = 0,5522

0,01

0,1

1

10

100

0 5 10 15 20 25 30 35 40
Pe

rm
ea

bi
lit

y 
(m

D)

Porosity (%)

Mauddud
carbonate Member

Экспоненциальна
я (Mauddud 
carbonate 
Member)



Stratigraphic distribution of poroperm properties
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Depositional characteristics
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Pore typing
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POROSITY MAPS
Distribution of porosity in a sequence stratigraphic framework – impact of early diagenesis



Porosity maps



Porosity maps
• From M2 transgression SW to NE decrease of porosity

– Confirms the impact of subaerial exposure and associated meteoric diagenesis on the 
reservoir properties and their distribution

– Preservation/enhancement of microporosity cutting through facies/associations belts

SW NE

M2 transgression M2 regression



CONCLUSIONS
Characterization of the Mauddud Formation – Burgan field



Conclusions

• Mauddud carbonate Member = regressive phase (HST) of 3rd order sequence K110

• 2 parasequences M1 and M2 identified in the Mauddud carbonate Member
– Consistent with Strohmenger et al. (2006)

• An E-W deeper embayment identified in the middle part of the Burgan field

• Top Mauddud = Main regional SB with karst development in Burgan field



Conclusions
• Dominance of mud-supported textures = Microporosity is the key pore type in the Mauddud

– Porosity can reach up to 35% or more but permeability never exceeds 100mD

• Almost absence of open macropores (BP+MO)
– Plugged by early eogenetic marine and meteoric calcite cement near top of parasequences
– Dissolution of aragonite + calcite in the karst system = main source for downward calcite cementation
– Shallow burial calcite cements + chemical compaction almost completely killed the residual macropores

Explains the patterns of HC shows in the Mauddud carbonate Member

Lucia (2007) class 3 or Lonoy (2006) microporosity best fit to populate reservoir models

• Subaerial exposure top Mauddud
– Meteoric diagenesis (subaerial exposure on top Mauddud) = preservation/enhancement of micrite microporosity
– Consistent pattern of increase of porosity from NE to SW close to the uplifted area (M2 transgression and regression 

intervals) = confirms an impact of subaerial exposure and associated meteoric diagenesis on the distribution of reservoir 
properties

Provides constrains to the spatial distribution of properties in reservoir models

(insights for ranges and variance values in models)
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