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Abstract 
 
A supersequence-scale stratigraphic framework is developed for the super-giant Tengiz field of western Kazakhstan through the 
integrated interpretation of seismic, core, log, and biostratigraphic data. Tengiz produces oil from an isolated carbonate platform (areal 
extent of 580 km2) of Devonian and Carboniferous age. An initial broad Late Devonian platform exhibits vertical growth and was 
followed by punctuated backsteps during the Early Carboniferous (Tournaisian and Viséan). The uppermost Lower Carboniferous 
(Serpukhovian) is characterized by several kilometers of platform progradation seaward of the Late Viséan platform break. The basal 
Upper Carboniferous (Bashkirian) platform succession was aggradational. Drowning in the Early Bashkirian halted carbonate 
platform growth. Paleotopographic relief on the top of the Bashkirian platform to the basin floor approaches 1500 meters within 
several kilometers lateral distance. 
 
The stratigraphic architecture defined in this study is used to subdivide the reservoir. The reservoir is also partitioned, based on 
geographic position along a platform-to-basin profile. Time-slice mapping of synchronous depositional facies provides the basis for 
predicting reservoir distribution and continuity. On the platform, hydrocarbons are produced from Upper Viséan, Serpukhovian, and 
Bashkirian reservoirs in grainstone and mud-lean packstone lithofacies of the Shallow Platform and in packstone lithofacies of the 
Deeper Platform. Multiple pore types are recognized in Tengiz, but matrix permeability is controlled primarily by intergranular 
porosity. In-place, upper-slope microbial boundstone and transported lower-slope boundstone debris form thick and areally extensive 
mappable reservoirs (Late Viséan and Serpukhovian) that have distinctive seismic facies and production/performance characteristics. 
Fractures contribute to non-matrix permeability in these boundstones. 
 



Supersequence FrameworkSupersequence Framework

A supersequence-scale stratigraphic framework is developed for the super-giant Tengiz
field of western Kazakhstan through the integrated interpretation of seismic, core, log, 
and biostratigraphic data.  Tengiz produces oil from an isolated carbonate platform 
(areal extent of 580 km2) of Devonian and Carboniferous age.  An initial broad Late 
Devonian platform exhibits vertical growth and was followed by punctuated backsteps
during the lower Carboniferous (Tournaisian and Viséan).  The uppermost lower 
Carboniferous (Serpukhovian) is characterized by several kilometers of platform 
progradation seaward of the late Viséan platform break.  The basal upper 
Carboniferous (Bashkirian) platform succession was aggradational.  Drowning in the 
early Bashkirian halted carbonate platform growth.  Paleotopographic relief on the top of 
the Bashkirian platform to the basin floor approaches 1,500 meters within several 
kilometers lateral distance.

The stratigraphic architecture defined in this study is used to subdivide the reservoir. 
The reservoir is also partitioned based on geographic position along a platform-to-basin 
profile. Time-slice mapping of synchronous depositional facies provides the basis for 
predicting reservoir distribution and continuity. On the platform, hydrocarbons are 
produced from Upper Viséan, Serpukhovian, and Bashkirian reservoirs in grainstone
and mud-lean packstone lithofacies of the Shallow Platform and in packstone lithofacies
of the Deeper Platform. Multiple pore types are recognized in Tengiz, but matrix 
permeability is controlled primarily by intergranular porosity.  In-place, upper-slope 
microbial boundstone and transported lower-slope boundstone debris form thick and 
areally extensive mappable reservoirs (Late Viséan and Serpukhovian) that have 
distinctive seismic facies and production/performance characteristics. Fractures 
contribute to non-matrix permeability in these boundstones.

 Application to Geocellular Model
• Tied Seismic and Log Correlations Establish Large Scale Framework 

• For 2nd Order Framework 7 Seismic Surfaces Used in Model, Additional 2 Surfaces 
Based only on Log Correlations 

• Large-Scale Framework Constrains Fine-Scale Layering

• 42 Layer Model Hard-Wired into 3-D Geocellular Model
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• 1000 sq km 3-D seismic
- post-stack time 
- pre-stack depth

• 4000 m core, 47 wells 
(~2500 m, 11 wells TCO)
• 3000 thin section descriptions
• 300 biostratigraphy pinning 
points
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Stratigraphic Characteristics of Tengiz Field
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Rise Fall
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Top Visean

Intra-Upper Visean

Top Lower Visean

Top Tournasian

Top Devonian

Middle Devonian

Top Artinskian

Local mounded geometry along outer platform.

Top:  Generally base of strong trough below Arti_SSB.   Fairly uniform,
high-amplitude trough-peak-trough character across platform.  Weak
clinoform geometry occasionally resolved on the platform.

Top:  Usually peak;  toplap surface, occasional downlap resolved.  Interval 
thickens abruptly near platform break; outer platform and slope exhibit 
chaotic seismic character.  

Top:  Medium to high amplitude discontinuous peak.  Occasional toplaps 
observed; seismic sequence exhibits hummocky to flat poorly resolved 
high-frequency reflectors.

Top:  Discontinuous peak, located below shingled downlaps in south-central
part of field.

Top:  Persistent peak showing truncation or toplap.  Clinoform and mounded 
geometries in seismic sequence.

Top:  Locally discontinuous trough with observed downlap.  Seismic sequence
exhibits mdedium amplitude, semi-continuous parallel-bedded reflectors
with intervening zones of mounded to hummocky character.

Top:  Locally continuous trough, primarily discontinuous reflection pattern
with intervening zones of weak amplitude, parallel bedded reflectors.

Top:  Strong peak, parallel bedded and continuous, high amplitude with 
lower frequency package of reflectors.
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Seismic Stratigraphy Outcrop Observations Tectono-Stratigraphy

Seismic Sequences

Shoal & Reef (?) Rimmed Carbonate Platform

Depressed-Rimmed Carbonate Platform

Shoal-Rimmed Carbonate Platform

Reef-Rimmed (Algal) Carbonate Platform

Possible local mound growth at platform break with transgression and drowning.

Stacked stratal reservoirs (sub-meter to tens of meters thick) located well inboard of
platform break.   Shallow platform reservoirs composed of skeletal and peloid grainstone
and lesser packstone.   Enhancement of porosity and permeability caused by a
combination of early meteoric exposure events and stacking of sequences and
cycles related to onset of glacio-eustasy during the late Visean.

Thick (300+m) massive microbial boundstone located in the upper/middle slope and 
lower slope deposits comprised of platform grain-dominated carbonate and slope 
boundstone blocks and clasts. Pervasive marine cementation; high production rates 
from fractured boundstone.

Stacked stratal reservoirs (sub-meter to tens of meters thick) located inboard of
carbonate margins.   Individual reservoirs composed of shallow platform grainstone.
Enhancement of porosity and permeability caused by early meteoric exposure.
Early diagenesis enhanced by predominant aragonite mineralogy.   Strong glacio-eustatic
control of depositional sequences and exposure events.

Stacked stratal reservoirs (sub-meter to meters thick) located in deeper platform 
settings.   Individual reservoirs composed of skeletal and aggregate grain grainstone; 
porosity and permeability caused by early dolomitization.  Shallow platform dominated by 
skeletal (calisphere) wackestone and packstone of poor reservoir quality.

Karst, 10's to 100's meter thick, associated with global sea level lowstand.

Stacked stratal reservoirs (sub-meter to meters thick) located inboard of carbonate
margins.   Individual reservoirs composed of burrowed shelf packstone.   Enhancement
of porosity and permeability caused by early dolomitization.

( N
 - 

S 
) P

er
ip

he
ra

l F
or

el
an

d
B

ac
k-

A
rc

 S
ag

B
ac

k-
A

rc
 R

ift
in

g
Cr

at
on

Ba
ck

-A
rc

Ex
te

ns
io

n
Tr

an
si

tio
n 

B
ac

k-
A

rc
 S

ag
 T

o 
( E

 - 
W

 ) 
R

et
ro

-A
rc

 F
or

el
an

d

*  Inland sea retreats
*  Evaporitic conditions

*  Post-orogenic subsidence & marine transgression
*  Clastics deposited along foreland axis

*  Continental erosion / non-deposition

*  Uplifted margins begin to restrict inland sea

*  Arc-volcanism along subducting margins

*  Relatively passive, stable outer shelf

*  Global sea level highstand

*  "Ice House" climatic cycles

*  Opening of Tethys Ocean Initiated

*  Pangea assembled

*  Ural ocean closes
*  Global sea level lowstand

*  Global sea level highstand

*  Onset of glacio-eustacy

*  Global mass extinction event

*  Opening of Paleo-Tethys initiated
*  Rheic ocean closes

*  Siberia welded to Laurussia

*  Global sea level lowstand

*  Closing of Rheic ocean initiated

*  Laurussian continent consolidated
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*  Global sea level lowstand

*  Kazakhstan docks w / Siberia &
  Laurussia to form Laurasia

*  Closing of Ural Ocean initiated

*  Subduction rings Laurussia, Kazak, &
   Siberian continents

*  Transition from "Greenhouse to
  Icehouse" conditions
*  Global sea level highstand
  & Oceanic Anoxic Event
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*  Regional uplift due to Uralian collision to east and
  Manglyshlak arc tectonism to south

*  Kazakhstan continent docks to east
Collision

*  Stable cratonic margin; non-deposition
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*  Westward migrating Uralian foredeep drowns
  Tengiz Platform

*  Tengiz platform and inland sea cut-off from
  oceanic influence

*  Combination of tectonic uplift, long term sea level
  fall and glacio-custacy lead to episodic erosion
  and karstification
*  Active subduction and convergence:  Mangyshlak
  terrane docks to south, closing of Ural Ocean and
  active arc tectonism to northeast initiates Uralian
  foredeep

*  Post-orogenic subsidence (tilting of Tengiz
  platform?)

*  Outboard subduction may be initiated with arrival
  of Mangyshlak terrane to the southeast

*  Paleo-Ural ocean closes, arc-terrane docks.Uplifted
  collisional margin sheds siliciclastics from
  northeast.   Active cratonic rifting/backarc (rifting
  and / or spreading) may cause rotation of fault
  blocks setting up paleotopographic highs as 
  carbonate nucleation points, and shedding of 
  clastics into rift basin.

*  Inland Epieric Sea sheltered by uplifted cratonic 
  margins due to subduction-related arc tectonism.  
  Back-arc extension isolates Tengiz region from 
  stable shelf to west and initiates (?) Pri-Caspian 
  Basin.

Break-Up Unc ?

* Bolshoi Karatou and Asturias Platforms

Reservoir Characteristics

I:graphic_sp\ljweber\tz_strat_char_v3.ppt
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Chalaroschwagerina vulgaris-Ch. inflata-Darvasites contractus-Ch. solita

Robustoschwagerina schellwieni-Paraschwagerina mira-Schwagerina moelleri

Ultradaixina bosbytauensis-Schwagerina robusta-Daixina sokensis-D. enormis
Daixina ruzhenzevi-Jigulites jiguiensis-D. crispa-D. fragilis-Rauserites rossicus
Rauserites quasiarcticus-R. variabilis
Montiparus subcrassulus-M. paramontiparus-Wedekindellina ellipsoides
Obsoletes obsoletus-Praeobsoletes burkenensis-Quasifusulinoides fusiformis
Protriticites ovatus-Praeobsoletes burkemensis-Fusulinella bocki

Aljutovella aljutovica-Schubertella pauciseptata
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Supersequence (2nd-order) Framework

StratigraphyStratigraphy, , LithofaciesLithofacies, and Reservoir Distribution , and Reservoir Distribution -- TengizTengiz Field, KazakhstanField, Kazakhstan
Authors: Weber, L. (James)Authors: Weber, L. (James)11, Francis, B. P., Francis, B. P.11, Harris, Paul (Mitch), Harris, Paul (Mitch)22, and Clark, Michael, and Clark, Michael33



Sequence Stratigraphy and 
Platform Reservoir Prediction
Sequence Stratigraphy and 
Platform Reservoir Prediction

StratigraphyStratigraphy, , LithofaciesLithofacies, and Reservoir Distribution , and Reservoir Distribution -- TengizTengiz Field, KazakhstanField, Kazakhstan
Authors: Weber, L. (James)Authors: Weber, L. (James)11, Francis, B. P., Francis, B. P.11, Harris, Paul (Mitch), Harris, Paul (Mitch)22, and Clark, Michael, and Clark, Michael33

Platform Morphology with Wells
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T-5246  4266.95-4270.58m core depth T-220  4274.65-4278.25m core depth

•Poorly-developed calcrete
below Lvis2_MFS
•Poorly-sorted packstone
below Lvis2_MFS
•Abundant large thick-walled
brachiopods in HST
•Lvis10_csb to Lvis2_MFS
exhibits lower porosity relative
to the T-220 

•Well-developed calcrete
below Lvis2_MFS
•Well-sorted grainstone
below Lvis2_MFS
•Solution-enhanced vugs
below Lvis2_MFS
•Meteoric cement and possible
subaerial exposure on thin
parasequence above Lvis2_MFS  

Observations

•T-220 is Updip of T-5246 on  a Paleobathymetric Profile         •Porosity is Developed Best on Paleohighs

Implication (for the Lvis10_csb to Lvis2_MFS interval):

Lvis10_csb
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GR Por_Y2K Resist
25% 0%

T-5246 T-220

Comparison Between T-5246 & T-220

T220 - T5050 Correlation

N S

T-220

T-31

T-220 - T-119 - T-123 - T-31 Correlation

T-220, 4140.10m T-6, 4189.10m

5 mm 5 mm

• Depositional Environment 1st-Order Control on Res Qual for Lvis_SSB to Bash_SSB
• Controls Ø & K through influence on grain size, sorting, and interstitial mud content

Grainstone versus Packstone
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T-220; 4156.26M
Coated grain and ooid grainstone

A bathymetric profile with associated lateral changes that are expected in rock composition, Unit 1, Tengiz platform.

T-6; 4189.10M
Skeletal Packstone

• Predict Reservoir Quality
– Impact:  Optimum positioning of development wells to maximize rate; mitigate 

geologic risk for location and expansion of gas displacement projects
• Reservoir Architecture & EOD Polygons as Framework for a  Deterministic 3-D Geologic 

Model
– Population of Ø model
– Transformation of Ø to matrix K
– Impact:  Develop best possible 3-D model w/ data-constrained geologic inputs to fluid 

flow simulation leading to defensible metrics of reserves and expected recovery
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Objectives

T-220

T-5050

Cycle Boundaries

Sim01 Nomenclature

ExxonMobil Fine-Scale
Reservoir Architecture

T-220 Well
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• New Geologic Model Tested
– Successful Prediction of Lower

Reservoir Quality, T-6846
• 18 Layers, Lvis_SSB to Bash_SSB

– Higher Resolution Mapping Possible
– Better Constraint on Partial

Penetrations
– Hard Wired Architecture not as Easy to

Scale Out of Simulation Model
• Preservation of Heterogeneity

• EOD Maps/Polygons Show Areas of
Different Reservoir Quality

– Locate Development Wells to
Maximize Rate on the Platform, Drill
Areas of Stacked Pay

– Position Gas Injection Wells in
Optimal Location to Maximize Rate
and Recovery

– Used to Populate Ø & K in 3-D Model
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Core Description & Depositional Environments 
Synthesis of the Bashkirian Interval

(Bash3_csb to Bash5_csb), Tengiz Field

T-6846, Bash4 & Bash5: core 2; skeletal coated grain 
packstone/grainstone (deeper platform)

T-463, Bash4 & 5: sidewall cores; 
boundstone breccia (upper slope)

T-44, Bash5: core 3; skeletal 
packstone (deeper platform)

T-29, Bash5: core 9; skeletal packstone/
wackestone (deeper platform)

T-16, Bash4: core 14 & Bash5: core 
13; skeletal pckst/grnst & black 
spiculitic pckst (lower slope to toe 
of slope)

T-5, Bash4: core 10, 11; skeletal 
grainstone (shallow to 
deeper platform transition)

T-38, Bash4: core 10; skeletal grainstone
(lower slope?); Bash5: core 5, 6; skeletal grainstone/
packstone; packstone/wackestone (slope)

T-7, Bash4: core 8-10; ooid oncoid grainstone (shallow platform); 
Bash5: core 5-7; ooid grainstone (shallow platform)

T-8, Bash4: core 6, 7; ooid skeletal grainstone
(shallow platform)

T-39, Bash4: core 6; peloid skeletal pack (deeper platform)

T-220 & T-5246, ooid skeletal 
grnst/pckst (shallow platform)

T-3, Bash4: core 19; spicular peloid packstone (toe of slope)

T-27, Bash4 & Bash_SSB: core 4, 5; skeletal
packstone/grainstone & ooid grainstone
(Bash4-deeper platform; Bash_SSB-shallow 
platform)

T-28, Bash5: core 1; skeletal 
packstone/grainstone (deeper 
platform)

T-12, Bash4: T-S only; 
CPM boundstone breccia
(slope)

T-5056, Bash4: core 1; coated grain packstone/grainstone
with minor rudstone (shallow platform)

T-30, Bash5: core 13; cross-bedded ooid
grainstone (shallow platform)

T-34, Bash4: core 6; ooid grainstone (shallow platform)
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