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Information on this and related charts was compiled from several sources, including a 

talk by W.O. Abbott, Occidental, and from PennWellMaps Oil & Gas Field Classifier, 

2nd Edition, Compiled by Norman J. Hyne.



1. Z

2. Z

3. Z

4. Select sections along arbitrary lines from a 3D data volume, which are orthogonal to the strike of the fault in order 

to show the faulting better.

5. Map displays of the entire extent of a horizon using shadow horizon(s).  See point 3 of REVERSE FAULT TRAPS.

Drag Folds on Thrust Faults
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DRAG Folds on THRUST FAULTSare due to friction along low angle reverse faults.  Drag Fold 

form below and above thrust faults and on the back flank of the thrust block as illustrated below. 

The Interactive environment can aid interpretation of these 

types of structures by allowing the interpreter to:

1. Add a constant to an upper horizon to look for subtle 

back flank drag folds. An example of this type of 

structure is the Brady Unit in Sweetwater County, WY.

2. Flatten on a continuous upper horizon, which tends to 

enhance reflectors with less continuity closer to the fault 

zone.  The Anschutz Ranch Field is an example.

3. Do iterative ray trace modeling and side by side or 

overlaid comparison of synthetic and stacked sections 

gives much more confidence of this type of structure.



1. Z

1. Z

2. Reconstruct pre-fault structure using the polygon fault correlation window.

3. Build map displays that show the entire extent of a horizon.  Note most mapping packages contour single 

valued surfaces.  Ith the workstation, shadow horizon(s) can be interpreted under thrust blocks (*) and 

displayed as contours over a 3D surveyôs density map display.

Reverse Fault Traps
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REVERSE FAULT TRAPS are due to compressionalforces.  In order to form traps, the faults 

must cut dipping rocks and be curved or at the junction of two faults.  Offshore California has 

several major fields with these type of complicated structures. 

The Interactive environment can aid the 

interpretation of this type of geology by allowing 

the interpreter to:

1. Enhance fault cuts by changing the seismic 

display scales.  Shrinking the horizontal 

scale by decimation of seismic traces makes 

the faults more vertical, enhancing breaks in 

the reflectors.



3-D Reverse Fault 

Structural Interpretation
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Martin H. Link, et. al. in Application of 3-D Seismic Data to Exploration and 

Production, page 75, data from Maravenfrom Central Lake Maracaibo, Venezuela.



Flattening on Eocene to

Enhance Small GuasareFaults
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Martin H. Link, et. al. in Application of 3-D Seismic Data to Exploration and 

Production, pages 74, 76, data from Maravenfrom Central Lake Maracaibo, Venezuela.

<- First Derivative Map Top of Guasare



Igneous, Salt, and Shale Domes
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IGNEOUS, SALT and SHALE DOMESare a result of intrusions, either 

volcanic in origin or gravity induced movement of low density materials. 

Domes, circular or elliptical anticlines, are one of the most widespread 

types of hydrocarbon traps.

The Interactive environment can aid interpretation of dome type structures by 

allowing the interpreter to:

1. Easily select sections to best evaluate critical closure on the flank of the 

structure.  Dip sections are retrieved from a 3D survey using the arbitrary line 

option. For 2D surveys, those portions of the 2D lines zigzagging across the 

structure are easily retrieved without finding and folding paper sections.

2. Once a possible dome is located, it can be easily confirmed by selecting 

several sections that go out in different directions from the center of the dome.

3. Flattening on an intrusion horizon also flattens those reflectors parallel to the 

intrusion, making them easier to see.

4. Moving a colored marker through the times on a 3D or 3D horizon display 

dramatically highlights domes, dip off domes, saddles, basins, anticlines, 

synclines and fault boundaries.



Salt Domes
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SALT DOMES, particularly, have additional traps, which are due to a 

combination of structure and stratigraphy.  These traps include (1) 

overlaying domes and faults, (2) strat traps, and (3) flank traps.  Uplifted 

overlaying sediments often form traps, which can be faulted separating 

the reservoirs into numerous pools.  Fractures and vugs in the cap rock 

create reservoir rock. Flank traps tend to have thick pay zones due to dip. 
The Interactive environment can aid interpretation of salt dome by allowing:

1. Rapid building and revising surfaces to test the location of the salt-sediment 

interface and to study fault patterns.

2. Use the polygonal drag window to correlate horizons across fault blocks and 

on different sides of the dome.

3. Flatten horizons to study pre-salt or pre-fault depositional patterns and to 

reconstruct the depositional and tectonic history.

4. Use ray trace modeling to study where reflections should show up on specific 

dip sections from complicated events.

5. Build maps of overhanging salt-sediment interface using the shadow horizons 

described under reverse fault traps.



The Interactive environment can aid interpretation of these types of geology by 

allowing the interpreter to:

1. Unravel the complex faulting occurring in these depositional environments. With 

3D surveys, the arbitrary line can be used to create sections in the fault dip 

direction for better recognition. The fault interpretation package can be used to 

pick faults on a few critical 2D or 3D sections, labeling the same fault from map 

displays, build fault plane surfaces, evaluate with map or 3D displays, and bring 

up other sections cutting the fault plane to check and modify fault locations.

2. Make drag windows with different vertical scales and use these to correlate 

similar rock layers across the growth faults.

3. Flatten on key horizons keeping growth consistent within different fault blocks.

1. Z

2. n

3. Z

4. Build map displays showing the structure of a key horizon overlain with an isochron contour map to evaluate 

growth or expected trap closure.

5. Tie in modeling results, well log synthetics, and VSP data to confirm the interpretation.

Annealment Structures
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ANNEALMENT STRUCTURESon the downthrown side of GROWTH FAULTS are common traps 

at the mouths of major river systems.   At depth movement of curved fault planes often starts along 

bedding planes, with rapid growth against the fault, creating broad anticlines on the basin side. 



The Interactive environment can aid interpretation of this type of geology by 

allowing the interpreter to:

1. Overview 30 KM regional lines by rescaling.

2. Use trace and sample interpolation to allow detailed analysis of anomalies, 

including wiggle trace evaluation of the waveform variations.

3. Enhance fault cuts by changing the display scale. The more vertical the 

faults are made by stretching the vertical scale or shrinking the horizontal 

scale, the more the breaks in continuity are enhanced.

4. Choose the proper color assignment for the seismic display to enhance no 

data areas due to faulting, as well as reflection continuity and similar 

reflection sequences across faults.

5. Use horizon computations to create a new horizon by adding a constant to 

a picked horizon, which can create seed horizons through no reflection 

areas which can be easily adjusted by changing the picking options.

Tilted Fault Blocks
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TILTED FAULT BLOCKS are large, structural blocks, often miles across, broken and tilted by 

normal faulting. These large structures are formed in areas of rifting like the North Sea, Andaman 

Sea, Labrador Sea, and U.S. Great Basin, and when covered with sediments, can form giant fields.



Tectonic Controls on Devonian Reef 

Development, Alberta, Canada
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Darrin J. Edwards in Application of 3-D Seismic Data to Exploration and Production, 

pages 192-192, 196, data from Colin Energy Corp. from SenexArea, Alberta, Canada. 



Tectonic Controls on Devonian Reef 

Development, Alberta, Canada
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Darrin J. Edwards in Application of 3-D 

Seismic Data to Exploration and 

Production, pages 192-192, 196, data 

from Colin Energy Corp. from Senex

Area, Alberta, Canada. 



The Interactive environment can aid interpretation of this type of geology by 

allowing the interpreter to:

1. Select display colors to enhance variations in the reflection coefficient 

resulting from dolomitization and hydrocarbon filled traps.

2. Add a constant to the trapping horizon, creating a parallel horizon at a reflector 

within the limestone layer showing where there has been velocity induced 

distortions to the layer.

3. Build fault maps to determine expected areal extent and trends of 

dolomitization.

4. Extract seismic reflection amplitudes at horizons where there are amplitude 

variations associated with hydrocarbons and display the results on 2D or 3D 

map displays to see the areal extent of variations.

5. Make animation files to study subtle changes in amplitude, reflection 

character, reflector dip, or fault trends.

Secondary or Tectonic Dolomite
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SECONDARYor TECTONIC DOLOMITEtrapsare typically the result of water percolating along 

fractures turning impermeable limestone into dolomite.  The stratigraphic changes typically follow 

the orientation of the fractures, forming fault controlled combination traps.  Examples are the oil 

fields that started production in the late 1880ôs near Findley, Ohio, and the giant Arun gas field in 

Sumatra.



1. Z

1. Z

2. Z

3. Z

4. z

5. Flatten seismic relative to horizon picks. If picks are not made down fault scarps, there will be gaps in the 

flattened seismic section showing the trace location of faults at the horizons used for flattening.

6. Reconstruct the fault history by building picture or animation files of seismic data flattened starting with deep 

horizons and moving up through depositional history.  These steps can be tied to hydrocarbon migration times.

Normal Fault Traps
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NORMAL FAULT TRAPS are structural traps resulting from tectonic forces. To form hydrocarbon 

traps, faults must cut dipping rocks and must either be curved or at the junction of two faults. 

Normal faults are associated with domes, growth basins, and other tensional tectonic movements.

The Interactive environment can aid the interpretation of these types of structures by 

allowing the interpreter to:

1. Use the polygonal fault correlation window to reconstruct geology prior to 

faulting.

2. Build fault plane maps to understand complex fault trends.

3. Instantly enhance reflection continuity by adjusting the color look-up tables to 

give an AGC appearance to the seismic data.

4. Instantly change the color look-up tables to enhance strong amplitude events 

(bright spots), reverse the apparent polarity, or coloring specific amplitude ranges 

associated with sands or interest yellow while decreasing other amplitudes.



2-D vs. 3-D Structural Interpretation
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Mario Gutierrez, et. al. 

in Application of 3-D 

Seismic Data to 

Exploration and 

Production, pages 64-

65, data from 

Ecopetrolfrom Llanos 

Basin, Columbia.
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4. Look at animations through 3-D time-slice files for detail study of structure expansion (anticlines), linear 

trends (faults), subtle patterns in noisy data, and horizon crossing events that can be related to hydrocarbon / 

water contacts, saddle points, etc.

5. Reconstruct paleogeology by flattening vertical sections to specific horizons or by making horizon-slices.

6. Work with horizon map displays to do detailed evaluation of anomalies and guide the sections to display next.

Anticlines
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ANTICLINES are large, upward arches often formed in areas of compression. These structures can 

have multiple producing zones.  Anticlines are found with many different types of structural styles 

and are widely distributed geographically as hydrocarbon traps. Typical examples are found in the 

Oklahoma Mountains, which consist of elongated domes of basement rock.
The Interactive environment can aid the interpretation of these types of structures by 

allowing the interpreter to:

1. Display traces in a dip direction using arbitrary line options for 3-D surveys and 

zig-zaglines through 2-D surveys.

2. Add a constant horizon at a good reflector to create a seed horizon through an 

area of noise or variable reflectivity.

3. Create time-slice sections to step through anticlines and synclines.  For a 2-D 

survey create a flat horizon at time zero, add (a) constant(s) to the times or 

horizons of interest and extract 2-D time-slices or horizon slices.

Differential 

Compaction



1. Z

1. Z
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3. Extract attributes at and parallel to a horizon to look for spatial variations which can be related to.

4. Work back and forth between map and section displays to quickly and accurately determine the spatial size, 

orientation, and relationship between anomalies.

5. Look for anomalies which can be related to hydrocarbons; like flat gas/water contacts, gas induced velocity 

pushdowns, bright spots or dim spots, etc.

Updip Facies Changes
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UPDIP FACIES CHANGESform combination traps when the reservoir rock is porous and 

permeable downdip and changes to an impermeable facies in the updip direction.  These reservoirs 

would be classified stratigraphic if sands were deposited downdip and shales updip during the 

same geologic sequence, but structural if the impermeable facies were due to later uplift.  These 

traps tend to form small fields. The Interactive environment can aid the interpretation of this type of 

geology by allowing the interpreter to:

1. Use the color display capabilities to enhance subtle changes in reflection strength, 

continuity, changes in interval transit time, or other attributes associated with 

different types of data like velocity variations, acoustic impedance variations, etc.

2. Flatten seismic relative to specified horizons to reconstruct geologic history and 

determine the depositional environment and whether an anomaly is structurally or 

statigraphicallycontrolled.



1. Z

1. Z

2. Z

3. Create paleo-time-slices to evaluate spatial variations in the different types of data described in 2 above. These 

sections are created by extracting the attributes from vertical sections at specific horizon times and mapping.

4. Use softcopy color options to enhance subtle differences in the data, making large displays for detailed study.

Fractured Reservoirs
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FRACTURED RESERVOIRSoccur in fine grained rocks that have some porosity but need 

additional porosity and permeability to be hydrocarbon reservoirs.  These rocks can produce 

hydrocarbons from fractures caused by folding or faulting.  The Austin Chalk plays in Central 

Texas and many of the new resource plays are examples of this type of structural trap.
The Interactive environment can aid the interpretation of this types of geology by 

allowing the interpreter to:

1. Locate subtle folding and faulting by expanding the display size with either pixel 

zoom or interpolation between traces or time samples.

2. Display different types of sections created from the same seismic traces; such as 

instantaneous phase to enhance reflection continuity; instantaneous frequency to 

look for frequency tuning or absorption; reflection strength  to look for amplitude 

anomalies; stacking velocity to look for velocity anomalies; acoustic impedance 

to look for temporal or spatial lithologic changes; synthetic sections to compare a 

derived geologic model with actual seismic data; etc.

Differential 

Compaction
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Midland Basin, West Texas.
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Lowstand Systems Tract.Submarine Canyon.
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6. Work back and forth with the horizon display and the seismic section display to identify fault trends, anticlinal 

plunge, dip direction, critical closures, etc.

Faulted Anticlines
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FAULTED ANTICLINES are often associated with faulting due to original folding. These faults 

frequently form impermeable barriers which divide a structure into separate reservoir pools. 

Faulted anticlines occur in a variety of geographic locations and within many different types of 

structural styles. The Interactive environment can aid the interpretation of these types of structures by 

allowing the interpreter to:

1. Select sections for display orthogonal to the fault heave.

2. Pick faults as a vector list whenever they are recognized on a section, then display all 

of the picks in the fault database in map view to allow the interpreter to interactively 

connect fault segments, build fault plane maps, generate fault plane surfaces, and fault 

heave polygons.

3. Use the fault correlation window to reconstruct geology along polygonal boundaries.

4. Use the drag window to move and correlate a third window of data across faults.

5. Flatten the seismic on specified horizons to check the relative throw in different fault 

blocks.  If there are busts in fault blocks, the reflection packages will not tie.
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Compaction



Interpretation of Ghinah Field
After Tying In Infill Drilling
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S. C. Simms in Application of 3-D Seismic Data to Exploration and Production, 

pages 104-106, data from Saudi Aramco.

Satellite Image Drape Across FaultsAmplitudes Unayzah+16msUnayzahHorizon
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4. Check and modify fault hypothesis by bring up sections orthogonal to the fault plane, seeing how interpolated 

faults fit the data, adding new points to improve the fault planes, and refitting a surface to the fault picks.

5. Use the polygon and drag windows to reconstruct fault blocks.

6. Work with both map and seismic displays simultaneously to unravel complicated geology.

Antithetic or Synthetic Faults
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ANTITHETIC or SYNTHETIC FAULTSare tensional faults that cut rollover anticlines as they 

form, often dividing hydrocarbon reservoirs into numerous pools.  These type of traps are 

particularly common among the growth faults and salt domes of the Gulf of Mexico and West Africa.

The Interactive environment can aid the interpretation of these types of structures by 

allowing the interpreter to:

1. Use the computer to build and keep track of the fault data base as described in 

FAULTED ANTICLINES.

2. Recognize antithetic vs. normal faults by moving a color marker through a map display 

of all fault times.  On normal fault planes the marker will always move in the same 

direction, and it will move opposite on the first antithetic times and back in the normal 

fault direction on an ANTITHETIC FAULT ending into ANTITHETIC FAULT.

3. Create fault plane maps by identifying fault segments that belong to the same fault, 

labeling them as a specific fault, and fitting a surface to the specified points

Differential 

Compaction



Bald Headed Anticlines
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BALD HEADED ANTICLINES develop in stages, as shown in the 

cartoon below (from Geological Evolution of North America, p. 274, 

R.L. Carroll and T.H. Clark, Publisher John Wiley & Sons, 1979). 

The Interactive environment can aid interpretation of this type of geology by 

allowing the interpreter to:

1. Select sections in different orientations across the structure to determine the 

anticlinal axis at various levels.  Choosing sections from a horizon that is 

extracted amplitude at a specific time allows immediate selection of sections 

along the anticlinal major or minor axis.

2. Reconstruct the depositional history by flattening on different horizons to 

recreate the anticline at different geologic times.

3. Add a constant to an upper horizon to quickly check if deeper rock layers are 

parallel or are part of a separate stratigraphic sequence separated by an 

unconformity.

4. Display a shallower horizon as multiple contours on a surface (raster) display 

of a deeper horizon to study differences in the relative dip of the two horizons 

on a single display.
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COMPACTION ANTICLINESare structures occurring over buried hills 

and reefs.  The overlaying sediments compact more than the basement 

hills and limestone reefs creating anticlines.  The sediments on the flanks 

of the controlling structure create additional compact.  The generalized 

map below could be a time structure map showing dip off the anticline, 

or an isochron map showing thickening between reflectors from B and C 

off the structure. The Interactive environment can aid interpretation of this      

type of geology by allowing the interpreter to:

1. Study the relative amount of compaction during different geologic times by 

flattening on different horizons and measuring the time to a deeper reflector by 

using the show location option.

2. Use map displays with multiple contours on surface displays to study the 

relationship between different horizons, isochrons, and the amount of compaction.

3. Convert isochrons to isopachs with layer-cake or anisotropic velocity assumptions.

4. Build estimates of the lithology based on relative compaction of different layers 

(shales most compaction, carbonates least, and sands in the middle).



Polygonal Fault Systems
North Sea Basin
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Joseph A. Cartwright in Application of 3-D Seismic Data to Exploration and 

Production, pages 227, 229-230, data from FinaExploration Ltd.,  Texaco U.K. Ltd., 

Santa Fe Ltd., and PurbeckOil & Gas Ltd. In Block 21 / 14b



1. z

2. Z

3. Z

4. Use amplitude extraction to study subtle changes in reflection energy and thus the reflection coefficient at the 

unconformity horizon.

5. Add a constant to the unconformity and extract amplitudes to study subcropping events.  Paleo-time-slice 

movies beneath an unconformity often show subcropping events better than regular time-slice animations.

Angular Unconformities
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ANGULAR UNCONFORMITIESoccur where dipping rocks come up against a buried erosional 

surface.  This type of stratigraphic trap is very widespread and occurs in most basins around the 

world. Many of the giant North Sea fields are angular unconformities, where the Jurassic or Base 

Cretaceous is the trap.  The StatfjordField, located on the Norwegian/British demarcation is an 

example. The Interactive environment can aid the interpretation of this type of geology by allowing 

the interpreter to:

1. Dynamically scale the data to enhance the strong reflector from the unconformity, or 

clip the strong reflector to enhance the weak trapping reflectors underneath.

2. Build instantaneous phase sections to increase reflector continuity and improve picking 

of weak reflectors.

3. Do post stack reprocessing to improve critical reflectors: such as predictive or spiking 

deconvolution to cut out multiples or interbed ringing, filtering to enhance a certain 

frequency range, or wavelet substitution to match different vintages of 2D data.
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Compaction



Thin-Bed Fluvial Reservoir Interpretation
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Bob A. Hardage, et. al. in Application of 3-D Seismic Data to Exploration and Production, 

pages 30-31, Stratton Seismic data from the Texas Bureau of Economic Geology.



Shoestring, Channel, Bar Sandstones
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SHOESTRING SANDSTONESare long, narrow sand bodies formed by channels or bars.  These 

stratigraphic traps are often encased in shale and filled with oil with no oil water contact.  

CHANNEL SANDSTONESare from meandering river channels or delta distributing channels.  

BAR SANDSTONESare from beaches or destructive deltas and the associated offshore bars.  Bars 

are differentiated from channels in cross-section (      or      ), orientation (parallel to the shoreline vs. 

perpendicular), and the vertical sequence (coarsening upward vs. channel filling upward) [After Dr. 

N. J. Hyne, Oil & Gas Field Classifier]. The Interactive environment can aid the interpretation of 

this type of geology by allowing the interpreter to:

1. Manipulate the display colors so as to enhance diffractions or reflection 

continuity changes due to channel cuts or bar buildups of sandstones.

2. Select traces cutting through (dip) or following along (strike) SHOESTRING 

SANDSTONE or other elongated sandstone bodies.

3. Select time-slice sections through possible channels or bars.  For 3-D surveys, 

these sections often show ancient shoestring sandstones as clearly as an air photo 

shows a stream channel.  Sometimes these sandstones will dip and they are only 

recognized as the eye integrates animation frames.  Often 2-D time-slices are 

spatially aliased making it hard to recognize a channel or bar.  Gridding helps.
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