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Abstract 
 
The supergiant Tengiz field of western Kazakhstan produces oil from an isolated carbonate platform (160 km2) of Devonian and 
Carboniferous age. An initial broad Late Devonian platform exhibits accentuated vertical growth with punctuated backsteps during the 
Lower Carboniferous (Tournaisian and Visean). The uppermost Lower Carboniferous (Serpukhovian) is characterized by several 
kilometers of platform progradation, seaward of the Late Visean platform break. Late Visean and Serpukhovian boundstone dominates 
slope lithofacies. 
 
In situ upper slope microbial boundstone and allocthonous lower slope boundstone debris form thick and areally extensive mappable 
reservoirs with distinctive seismic facies and production characteristics. Areas dominated by boundstone exhibit lower porosity (<4%) 
than time equivalent grainy carbonates on the platform (8-12%), but they may have much higher permeability and flow capacity due 
to extensive fractures and dissolution. The highest rate wells (10,000 to 30,000+ barrels/day) are located at the platform margin and 
within the slope. 
 
Because platform and slope production characteristics differ significantly at Tengiz, criteria are developed to identify, map, and assess 
volume of slope boundstone. Criteria include: 1) positive structural relief above thick upper slope boundstone, 2) chaotic reflection 
character frequently with high-amplitude bursts within both in situ boundstone and boundstone debris intervals, 3) mosaic distribution 
of seismic amplitude, 4) isopach thicks associated with boundstone intervals, and 5) slump scars indicative of slope failure. Criteria 
described here could be applicable to other similar hydrocarbon-bearing isolated platforms (e.g., Korolev and Kashagan) that extend 
from onshore western Kazakhstan into the offshore North Caspian Sea. 
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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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Chronostratigraphy Biostratigraphy Sequence Stratigraphy

Stratigraphic Characteristics of Tengiz Field
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Filippovian

Baigendzinian

Aktastinian

Sterlitamakian

Tastubian

Skikham

Sjuren/Uskalik

Noginsky/Malekhovsky
Rech-Amerev-Pavlovo
Dorogomilovsky
Khamovnichesky
Krevyakinsky
Myachkovsky/Peskovsky
Podolsky
Tsninsky/Kashirsky
Vereisky
Melekessky (Asataussky)
Cheremchansky (Tashastinsky)
Prikamsky (Askynbashsky)
Severokeltmensky (Akavassky)
Krasnopolyansky (Syuransky)
Voznesensky (Bogdanovsky)

Zapaltyubinsky
Protvinsky
Steshevsky
Tarussky
Venevsky
Mikhailovsky
Aleksinsky
Tulsky
Bobrikovsky

Kosvinsky
Kizelovsky
Upper Cherepetsky
Lower Cherepetsky;Karakubsky 
Upinsky
Malevsky
Gumerovsky
Zavolzhsky
Plavskiy/Optukhovskiy

Radaevsky

Misellina parvicostata-Praeskinerella pavlovi-Misellina minor

Beedyina kamensis-Fusulinella colaniae
Aljutovella znensis-A. priscoidea

Verella spicata-Aljutovella tikhonovichi
Profusulinella primitiva-Ozawainella paraphomboidalis
Pseudostaffella praegorskyi-Staffellaeformes staffellaeformis
Pseudostaffella antiqua
Plectostaffella varvariensis-Eostafella postmosquensis-E. pseudostruvei

Chernyshinella glomiformis-Chernyshinella paraglomiformis

Plectostaffella bogdanovkensis
Monotaxinoides subplana-Eosigmoilina explicata

Eostaffellina protvae

Eostaffellina tenebrosa-Endothyranopsis sphaerica
Eostaffella ikensis
Eostaffella proikensis-Archaediscus gigas

Endothyranopsis compressa-Archaediscus krestovnikovi

Uralodiscus rotundus-Ammarchaediscus primaevus

Eoparastaffella simplex-Eoendothyranopsis donica

Dainella staffelloides-Tournayella moelleri
Spinoendothyra costifera-Tuberendothyra tuberculata
Chernyshinella glomiformis-Palaeospiroplectammina tsch.

Eochernyshinella disputabilis-Tournayellina beata
Bisphaera malevkensis-Earlanda minima
Chernyshinella-Tournayellina pseudobeata
Quasiendothyra konensis-Quasiendothyra dentata-Quasiendothyra kobeitusana
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Rise Fall

Schwagerina firma-Sphaeroschwagerina sphaerica-Schwagerina fecunda

1st Order Unconformities
2nd Order Unconformities
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Lockhovian
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Pseudoendothyra globosa-Neoarchaediscus parvus
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Top Bashkirian

Top Serpukhovian

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.
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*  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

288Ma

292Ma

297Ma

303Ma

311Ma

323Ma

327Ma

342Ma

354Ma

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

The supergiant Tengiz field of western Kazakhstan produces oil from an isolated 
carbonate platform (160 sq. km.) of Devonian and Carboniferous age.  An initial broad 
Late Devonian platform exhibits accentuated vertical growth with punctuated backsteps 
during the Lower Carboniferous (Tournasian and Visean).  The uppermost Lower 
Carboniferous (Serpukhovian) is characterized by several kilometers of platform 
progradation seaward of the late Visean platform break (East and Northeast side of the 
field).  Late Visean and Serpukhovian boundstone dominates the slope lithofacies.

In situ upper slope microbial boundstone and allocthonous lower slope boundstone 
debris form thick and areally extensive mappable reservoirs with distinctive seismic 
facies and production characteristics.  Areas dominated by boundstone exhibit lower 
porosity (<4%) than time equivalent grainy carbonates on the platform (8-12%), but they 
may have much higher permeability and flow capacity due to extensive fractures and 
dissolution.  The highest rate wells (10,000 to 30,000+ barrels/day) are located at the 
platform margin and slope.  

Because platform and slope production characteristics differ significantly at Tengiz, 
criteria are developed to identify, map, and assess volume of slope boundstone.  
Criteria include: 1) positive structural relief above thick upper slope boundstone, 2) 
chaotic reflection character frequently with high-amplitude bursts within both in situ 
boundstone and boundstone debris intervals, 3) mosaic distribution of seismic 
amplitude, 4) isopach thicks associated with boundstone intervals, and 5) slump scars 
indicative of slope failure.  Criteria described here could be applicable to other similar 
hydrocarbon-bearing isolated platforms (e.g., Korolev and Kashagan) that extend from 
onshore western Kazakhstan into the offshore North Caspian Sea.
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1 1 1 2 3 4

Structural Perspective at the top of the Bashkirian (top of reservoir interval). Key southwest to northeast 
seismic profile shows key structural features of the Tengiz platform and slope including prominent raised rim 
on north and east side of the field.

Seismic Traverse from 3-D survey 
showing Tengiz structure with key 
seismic horizons
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Data used for this study



Wells drilled along the raised rim and further out on the flanks of the field have all encountered intervals dominated by microbial boundstone which is thought to have been deposited in an upper to middle slope environment.
Wells drilled along the raised rim and further out on the flanks of the field have all encountered intervals dominated by microbial boundstone which is thought to have been deposited in an upper to middle slope environment.
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• To predict occurrence, distribution, and thickness of In Situ Boundstone and 
Boundstone Debris Facies
– Develop seismic recognition criteria
– Map top, base, and extent of boundstone dominated interval 
– 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

Prediction and Mapping of DeepPrediction and Mapping of Deep--Water Slope Carbonate Reservoirs Using Seismic Data Water Slope Carbonate Reservoirs Using Seismic Data -- Tengiz Field, KazakhstanTengiz Field, Kazakhstan

T5056: 4189.8T220-4285

T5056

Dominated by 
microbial 
boundstone and 
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Petrel Porosity distribution at Tengiz showing boundstone and 
boundstone debris wedges of lower porosity
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Seism
ic Traverse

Size of pink dot 
indicates severity of 
lost circulation

• Region  Characterization
- East Rim - highest rates - thickest fractured Unit 1 boundstone
- North / West Rims - High rates  - thinner boundstone
- Central Platform - Moderate rates - high-energy platform deposition
- North / South Platform - Lower rates - lower reservoir quality in lower-

energy 
outer platform (also many partial penetrations & gathering system 

constraints)
- Flank - Variable rates - variable reservoir facies : slope/basin detritus;

slope boundstone; Unit 2 or 3 platform (T-10)
- Korolev (not on map) - Highest rates - Rim wells near original pressure 
(production start-up Nov 2001)  

In addition to experiencing lost circulation, wells drilled in this facies often have very high production rates

TENGIZ  T-5056
Analogous Outcrop  from Carboniferous of Northern Spain

Orthorectified aerial 
photograph of 
Bashkirian outcrop with 
superimposed DGPS 
tracked stratal patterns

Map of lithofacies types 
superimposed on DGPS 
tracked stratal surfaces 
and aerial photographs

Lower Slope Microbial Boundstone
Debris

Upper Slope Microbial Boundstone

Outer Platform Microbial 
Boundstone

Platform Grainstone

From Kenter et al. 2003

Kenter et al. 2003

Upper Slope Boundstone

T 5056

• Seismic challenges include sub-salt imaging and noise generated by shallow 
faulting and rafted anhydrite (within salt)

In Situ microbial boundstone is dominant in the platform margin (dark green) and 
upper slope (light gray).  Boundstone debris accumulates in the lower slope and is 
particularly thick in the light green shaded area.

Dolomitized
zone

FRACTURED 
MICROBIAL 
BOUNDSTONE

T5056: 4200

Outer 
Platform

Upper Slope

Wells drilled along the raised 
rim and further out on the 
flanks of the field have all 
encountered intervals 
dominated by microbial 
boundstone which is thought 
to have been deposited in an 
outer platform to upper slope 
environment.  Wells 
frequently encounter zones of 
enhanced permeability within 
the microbial boundstone
facies probably due to 
fracturing and dissolution.  
These zones frequently cause 
lost circulation.

LOST CIRCULATION TENGIZ RIM AND FLANK
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Seismic Characteristics of 
Microbial Boundstone at 
Tengiz and Korolev

1)  Occurrence of in situ boundstone is often 
coincident with the the raised structural rim 
such as on the east side of Tengiz and the 
south side of Korolev fields.  This raised rim 
may be a result of differential compaction 
between the microbial boundstone facies and 
the adjacent platform grainstones. 

2) Seismic profiles display a chaotic to 
steeply dipping discontinuous progradational 
character within the boundstone interval.  
Discontinuous bursts of high amplitude 
frequently occur within these intervals and in 
some cases are indicate excess permeability 
due to solution enhanced fractures or karsted
intervals.

3) In map view, seismic amplitude based 
attributes display a complex mosaic of higher  
seismic amplitude than observed on the 
platform.

4  Isopachs of the Serpukhovian display 
abrupt thickening at the platfrom margins.  At 
Tengiz, this thickening is asymmetrical with 
the thickest Serpukhovian near the platform 
edge on the east and north sides of the field. 
On the west side of the field the isopach
thicks are located well down the flank.

5) There are apparent  slump scars and other 
evidence of down-slope instability within the 
Serpukhovian and overlying formations in the 
vicinity of the raised rim and platform margin 
area.

Top of Bashkirian Structure Perspective with Serpukhovian Isopach
color drape.   Greens through red indicate thick Serpukhovian
dominated by boundstone and boundstone debris facies

Typical Tengiz 
seismic profiles 
through areas of 
thick microbial 
boundstone facies
(yellow to green 
interval on seismic 
line) showing 
discontinuous steeply 
dipping reflections 
on seismic profiles 
perpendicular to the 
platform boundary. 
Strike lines often 
display a chaotic 
reflection pattern 
with anomalous 
bursts of high 
amplitude.  In the 
lower slope  
reflections become 
more parallel, higher 
amplitude, and 
continuous

B

A

A

B

PLAYFORD 1984

Top of Bashkirian Structure in perspective showing crescent shaped failure 
escarpments along the rim area at Tengiz.  Morphology appears similar to 
carbonate margin failure described from Devonian Canning Basin Australia. Strike profile from 3-D survey showing rim gravity failure

Average Peak amplitude of the Serpukhovian draped on top of structural perspective 
showing high amplitude mosaic appearance of the outer margin and slope facies
compared to the platform

Voxel Geo-body display showing distribution of Tengiz high amplitude bursts 
on the rim and slope.

Amplitude attribute display showing high amplitudes as white and
red (cloudy ) area in map view a result of the bursts of amplitudes 
which are characteristic of boundstone seismic facies

Korolev Displays Similar Seismic Characteristics to Tengiz

Korolev 3882

A thick boundstone interval occuring at the 
Korolev raised rim has a chaotic seismic 
character.

Boundstone
Interval

Top Reservoir

1ExxonMobil Development Company, Houston, TX
2ChevronTexaco Energy Technology Company, San Ramon, CA
3TengizChevroil, Atyrau, Kazakhstan
4Free University, Amsterdam, Netherlands4

In Situ
Boundstone

EVIDENCE OF MARGIN FAILURE TENGIZ SEISMIC EXPRESSION OF BOUNDSTONE FACIES

SEISMIC AMPLITUDE DISTRIBUTION SERPUKHOVIAN

PLATFORM

SLOPE


