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Abstract 

 
Ordovician-age karst and collapse disturbances were observed from drilling data and seismic interpretation in a Tarim oil field. The seismic 
evidence of karst features is characterized, with 3D seismic data processing of structure-oriented and fault-enhancement filter, from which 
volumetric seismic geometric attributes are computed. The reservoir architecture and karst features, such as channels, caves, circular features 
and fractures/conduits, are detected with dip, curvature and amplitude gradient volumes. The quantified geometric attributes with seismic facies 
analysis allow precise location of the main karst features (paleocaves and fractures) in 3D. The geological model was built keeping the same 
resolution as in the seismic cube; thus, this allows karst features in the geological model to be precisely modeled. The connectivity between the 
karst features is identified; this is the basis for understanding the karst network geometries in the collapsed paleocave systems. The karst 
network geometries are associated with channeling system and are located at different reservoir depths. 
 
Log electrofacies analysis and calibration with core data and borehole imaging logs lead to the definition of reservoir rock types at wells. The 
sequential indicator simulation is used to generate 3D reservoir rock type model constrained with rock type logs and seismic impedances. The 
reservoir effective properties in the geological model are then modeled by integrating well data, seismic impedances and the reservoir rock type 
model. Karst network geometries are subsequently incorporated into rock type and effective property models. The 3D organization of karst 
networks is assessed from the integration of model properties and reservoir dynamic data. With the case study, we demonstrate the application 
of our new integrated approach to the characterization and modeling of karst networks in the Ordovician carbonate reservoirs. Our results show 
that quantitative integrated characterization of karst networks and effective properties can provide a new understanding of carbonate reservoir 
modeling and underlying geological controls. 
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Abstract
Ordovician-age karst and collapse disturbances were observed from drilling data and seismic 
interpretation in a Tarim oil field. The seismic evidence of karst features is characterized, with 3D 
seismic data processing of structure-oriented and fault-enhancement filter, from which volumetric 
seismic geometric attributes are computed. The reservoir architecture and karst features, such as 
channels, caves, circular features and fractures/conduits, are detected with dip, curvature and amplitude 
gradient volumes. The quantified geometric attributes with seismic facies analysis allow precise location of 
the main karst features (paleocaves and fractures) in 3D. The geological model was built keeping the 
same resolution as in the seismic cube; thus this allows karst features in the geological model to be 
precisely modeled. The connectivity between the karst features is identified; this is the basis fpr 
understanding the karst network geometries in the collapsed paleocave systems. The karst network 
geometries are associated with channeling system and are located at different reservoir depths.

Log electrofacies analysis and calibration with core data and borehole imaging logs lead to the definition 
of reservoir rock types at wells. The sequential indicator simulation is used to generate 3D reservoir rock 
type model constrained with rock type logs and seismic impedances. The reservoir effective properties in 
the geological model are then modeled by integrating well data, seismic impedances and the reservoir 
rock type model. Karst network geometries are subsequently incorporated into rock type and effective 
property models. The 3D organization of karst networks is assessed from the integration of model 
properties and reservoir dynamic data. With the case study, we demonstrate the application of our new 
integrated approach to the characterization and modeling of karst networks in the Ordovician carbonate 
reservoirs. Our results show that quantitative integrated characterization of karst networks and effective 
properties can provide a new understanding of carbonate reservoir modeling and underlying geological 
controls.
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Time depth structure map and well locations

Paleokarst Channels: a major component of the paleocave system. The imaged paleokarst channels can be observed with 
seismic discontinuity and dip attributes and are well developed in the southern part of the project area. 

N SSeismic  data

Collapsed Paleocaves: observed with seismic bright strings which can be described with amplitude gradient attribute. Circular 
black spots highlight individual collapsed caves, occurring as dark circular faults as well as elliptically-shaped faults.

N SCollapsed Paleocaves versus Vertical Faults
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Seismic Characterization Of Paleocave Systems

Paleocave 
component 
defined with 
thresholds.

paleocave/amplitude gradient

Fracture corridors/maximum  
curvature

Fracture Seismic Facies Analysis: Cross plot between 
seismic dip and maximum curvature attributes to rank fracture scales.

Fracture seismic facies

Paleocave Seismic Facies Analysis: Cross plot between maximum curvature 
and amplitude gradient to define attribute thresholds.

Paleocave seismic facies

Conceptual Model of a Paleocave System 
Application to the Geocellular Model

• Connectivity analysis of the paleocave systems. 
• Quantifying the spatial geometry of paleocave 

components.
• Highlight the main karst features and their impacts 

on the reservoir properties. 

Application to Geocellular Model:  Karst features and paleocave components

I
II

III

VI
V
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VII

VIII
IX

Application to Geocellular Model:  paleocave 
components in the selected local unit

Application to Geocellular Model:  map of accumulated paleocave thickness 
(left), karst features (fracture corridors (yellow) and caves (red)) in the selected 
local unit (right).
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Determination of Rock Types at wells
The analysis relies on the integration of the logs, the cores and the production data. 
•Determining electrofacies 
•Calibrating with both borehole imaging logs and dynamic data

conventional log analysis and data QC

Electrofacies analysis

Calibration with core data Calibration with FMI and production data

Quantifying rock types at wells

Select key wells in the project area by using conventional logs: principal components 
analysis (PCA) is used to summarize the data effectively and to reduce the dimensionality of 
the data. Results can be displayed with scatterplot of selected logs and principal components.

Defining electrofacies based on the classification analysis: identifying clusters of well 
log responses with similar characteristics

Determination of Rock Types at wells: calibrating electrofacies with both borehole imaging logs and dynamic data 
(initial production rate).

Determination of Rock Types at wells: 
Fractures impacts need to be considered 
when dynamic data is used to calibrate 
electrofacies.

Determination of Rock Types at wells
12 wells have conventional logs, which include generally CAL, GR, DENS, DT and resistivity logs (RD, RS). RD, GR 
and DT are used in the electrofacies analysis. The electrofacies have been grouped into 4 rock-types on the basis of 
the log response and corresponding facies observed on imaging logs. 
Rock type I: Potentially fractured corridors with open caves;
Rock type II: Potentially fractured zones with open caves;
Rock type III: Partially open fractures and vugs;
Rock type IV: Tight host rock;
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Rock type I Rock type II Rock type III Rock type IV
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Quantifying Reservoir Properties in the Paleocave Systems

Quantifying Reservoir Properties in the Paleocave Systems

Rock type I

Rock 
type II
Rock 
type III
Rock 
type IV

Rock types

Rock type II

Rock type III

Rock type IV

Rock type I

Impedance volume is a constraint for the rock type modeling. 
Each rock type has its own value range.

Rock type model is used to constrain the porosity modeling for the paleocave networks.  Each 
rock type has its own value range.

Porosity model of the paleocave networks. 
Statistics of the biggest 300 components in 

the paleocave networks.
Rock types at wells

Reservoir rock type model Paleocave network model

Paleocave network rock type model

Seismic impedance attribute

Porosity logs at wells Seismic impedance attribute

Reservoir porosity model

Paleocave network porosity model

A paleocave component at well 601-3: (a) Karst feature model (cave and fracture corridors) ; (b) rock type 
model and (c) porosity model.
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(a) (b) (c)

Karst feature 
model (cave 
and fracture 

corridors) in the 
unit 6.

Rock type 
model in the 

unit 6

Paleocave components in the unit 6. porosity model in the unit 6



3D seismic forward modeling  

Seismic responses of 
sub-seismic faults

Effects of reservoir structure 
on azimuthal AVO

Fracture characterization with 
curvature attributes based technique

Reservoir connectivity analysis

Fracture Characterization and Reservoir Connectivity Analysis

Local structural variations on the 
reservoir top will cause azimuthal 
amplitude scattering and distortion. 

• Vertical fractures
• 25 Hz Ricker wavelet
• Offset = 1500m
• Azimuth: 0o – 90o

Z-component

Diffracte
d from 
fault

0
o

9
0
o

4
5
o

Structural variations on the reservoir topStructure models

Azimuthal AVO for structure models

Azimuthal responses of the sub-seismic fault Migrated image

Correlation between fracture density and maximum curvature

Statistics of fracture orientations from minimum curvature

Comparison of fracture distributions between seismic 
prediction and imaging log interpretation in the upper 

part of the reservoir interval
Fracture distributions at well locations predicted from 

seismic in the upper part of the reservoir interval
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Ha601Ha601-4 Ha7-1

Fracture statistics at available wells

Fracture distributions along wellbore
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Fracture distributions at the depth of 10 ms overlayi 
on the accumulated thickness of paleocave networks
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Discussion and Conclusions

• Integrating geophysical, geological and reservoir dynamic data helps to provide a reliable 
characterization of paleocave systems both on scales of the karst features and their 
distributions in 3D.

• Multi-attribute seismic facies analysis allows quantifying karst features (caves and fracture 
corridors) in 3D which were validated with drilling data.

• The understanding of connectivity between the karst features was essential to 
understanding the geology of the paleocave systems. The paleocave systems located in the 
south and north of the project area are different not only in composition but also in spatial 
connectivity.

• The comparison of single and complex paleocave components allowed explanation of the 
differences in production performance.  Fractures show important impacts on reservoir 
dynamic properties.

• The 3D geological model was focused on identified paleocave systems. There are still large 
uncertainties on reservoir properties due to poor constraints in such reservoirs. The 
capability to model all types of karst features will constitute an important challenge for the 
next step.

1PetroChina, Wulumuqi, China
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Fracture Characterization and Reservoir Connectivity Analysis

Fracture distributions at the depth of 10 ms overlay 
on the discontinuity attribute

Fracture percentage in the paleocave 
components versus reservoir pressure

Fracture percentage in the paleocave 
components versus initial oil rate

Boundaries of paleocave networks overlay on the fracture distributions 
at the depth of 10 ms (a), 20 ms (b) and 30 ms (c)

(a) (b) (c)
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