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Abstract

The North Carnarvon Basin in Australia is one of the most prolific basins developed for oil and gas potential in Australia in the last 10 years.
This is a premier basin where important hydrocarbon fields have been found. While the 10 most significant oil and gas fields fall within the
Triassic Brigadier Formation in the Rankin Platform Sub-Basin, there is significant oil and gas potential in the deep water Cenozoic deposits.
Our goal is to characterize the dimensions and composition of the depositional element that provide a better estimation of the potential of those
reservoirs.

Analysis of a high resolution 3D seismic volume from the Cenozoic Trealla Formation in the offshore of North Carnarvon Basin, Australia has
revealed fine details of deep water architectural elements. A model-based inversion combined with the use of self-organized maps (SOM)
allows the characterization of the architectural elements including seismic facies dimensions and position on slope. Four main groups of
architectural elements were identified in the studied area: (1) erosive channel-fills, (2) channel-levee complexes, (3) mass transport deposits,
and (4) sand fan lobes or sheets. Each depositional element exhibits a characteristic morphology and seismic response according to the
lithology predominant in each architectural element. Seven attributes including acoustic impedance, dip magnitude, peak frequency, energy
ratio coherence, peak magnitude and curvature are used as input for the classification. This classification technique preserves the distance
information from input space into the SOM latent space. The result is a better defined clusters that when plotted against a 2D color bar clearly
allow the identification of geomorphologies and facies.
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composition of the depositional element that provide a better estimation of the potential of those reservoirs.
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Analysis of a high resolution 3D seismic volume from the Cenozoic Trealla formation in the offshore of North Carnarvon basin, Australia has revealed fine
details of deep water architectural elements. A model-based inversion combined with the use of self-organized maps (SOM) allows the characterization of the
architectural elements including seismic facies dimensions and position on slope. Four main groups of architectural elements were identified in the studied
area: (1) erosive channel-fills, (2) channel-levee complexes, (3) mass transport deposits, and (4) sand fan lobes or sheets. Each depositional element exhibits
a characteristic morphology and seismic response according to the lithology predominant in each architectural element. Seven attributes including acoustic
impedance, dip magnitude, peak frequency, energy ratio coherence, peak magnitude and curvature are used as input for the classification. This classification
technique preserves the distance information from input space into the SOM latent space. The result is a better defined clusters that when plotted against a
2D color bar clearly allow the identification of geomorphologies and facies.
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Horizon Cube Generation

Horizon cube built to constrain the generated inversion model. Chronostratigraphic surfaces were generated using dip steering volume as source of the calculation. The resulting horizon
surfaces follow pretty close the reflectors on the seismic information. These stratigraphic surfaces were used to build the low frequency model for the seismic inversion.

Acoustic Impedance Inversion
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Horizon slices though the studied section. The scope of this study is the integration of several of the characteristics exhibit from seismic attributes by using statistical aproaches in a quick

seismic classification.
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Principal Component Analysis
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allows a better interpretation of
facies. The result is similar to the
resulting image given for K-means
technique. However, PC analysis
allows a more detailed
interpretation. First 3 PC’s reflect
the 80% of the variability of the data.
That is why the remaining PC
components were not used.

By using the combination of those attributes a K-means
classification technique was used to identify facies.

Following parameters where used for classification:

50 iterations
16 Cluster selected.

The resulting classification shows more information
within clusters 3 to 12.

Purple zones are interpreted as calcareous platform.
Yellow zones are interpreted as clastic deposits within
the channels and forming small fan lobes.

SOM classification technique was used. The latent
space was selected in a color scale of 256 colors for
allowing visualization.

Parameters:
50 iterations
256 Cluster.

The resulting classification shows two main axis from
the SOM analysis.

The combination of the output axis shows a detailed
image of many clusters. This output offers a better
understanding of the facies in this horizon.

Yellowish features are interpreted as clastic related
Fan lobes or levees.

Purple features are interpreted as calcareous features
mainly platform.

Reddish features could be related to muddy facies
helping to determine limits in architectural elements.

Facies Interpretation

Submarine Ramp

X-axis
362000 364000 366000 368000 370000 372000 374000 376000 378000 380000

MEDIAL RAMP

LOW MUDDY CHANNELS

COASTAL PLAIN
DELTAS, CHENIERS

BASIN PLAIN

50-250km

DISTSTAL RAMP

a Modified after Reading and Richards (1994)

CHANNEL-LEVEES

IN THE SUBSURFACE
HETEROGENOUS

DEPOSITIONAL
LOBE SANDS AND SILTS

Using multiple unsupervised statistical techniques different architectural elements can be identify on interpretation of
horizon slices that represent chronostratigraphic surfaces.

Erosive Channel

(feeders) Horizons used for interpretation were extracted from the resulting horizon cube generated using dip attribute volume.

These generated horizons allow for a quick identification of key surfaces (sequence boundaries) within the volume .
i ) S Y Channel levee The contrast in colors displayed by a two dimensional color palette allows the interpreter the identification of
T N> Complex channelized features, lobes, and channel-levee associations.
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- The horizon slice shows an interpretation made on one of the extracted horizons.

Green dashed lines show divisions of the analyzed slope.

Upper slope, is characterized by erosive and straight channels .
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Middle slope, exhibits more sinuous channel-levee systems. There is a contrast between the channelized feature and
the associated levee possibly due to a change in lithological composition.
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Lower slope, shows lobate shapes at the end of the channelized systems .Channel systems deliver the sediment
basinwards and they are deposited in a more extensive area due to a gentle slope
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Conclusions

Model based inversion improves the resolution of seismic adding low frequencies form information incorporated from well-logs
Horizon Cube (dGB is a powerful tool to improve the low frequency model built during the inversion model construction
Acoustic impedance extracted from inversion provides relevant information for interpretation of features not visible with standart seismic attributes.

The use of unsupervised statistical approaches like Principal Component Analysis, K-Means classification and Self Organized Maps provide a quick and reliable output for facies interpretation. This process
usually takes longer time when only co-rendering of seismic attributes is used.

SOM looks to be the faster and most reliable classification technique in this case study. However, the combination of another seismic attributes can be used in order to obtain better results with the different
classification techniques.

Aknowledgements
This study was done with the support of the Institute of Reservoir Characterization and The m& - PB[PB' 5;{‘

ConocoPhillips School of Geology and Geophysics at The University of Oklahoma. Software license Shared earth—critical insight

and support was kindly provided by Schlumberger, dBG Open DTect, CGG HampsonRusell and the OpendTect
AASPI consortium at The University of Oklahoma. Created by I
. ¢ R
‘dGB Earth Sciences QCGG %, JE

Qe

References

Cathro, D.L., 2002, Three dimensional stratal development of a carbonate-siliciclastic sedimentary regime, Northern Carnarvon basin, Northwest Australia. PhD dissertation, The University of Texas at Austin, Austin, Texas, 490 p.
Cathro, D.L., Austin, J.A. Jr and Moss, G.D., 2003, Progradation along a deeply submerged Oligocene-Miocene Heterozoan carbonate shelf; how sensitive are clinoforms to sea level variations? AAPG Bulletin, v. 87, p. 1547-1574.
Chongzhi, T., Guoping, B., Junlan, L., Chao, D., Xiaoxin, L., Houwu, L., and Dapeng, W., 2013, Mesozoic lithofacies palaeogeography and petroleum prospectivity in North Carnarvon basin, Australia. Journal of Palaeogeography,
p. 81-92.

Chopra, S., and Marfurt, K. J. 2007, Seismic attributes for prospect identification and reservoir characterization.SEG Geophysical Developments, v. 11, p. 1-16.

Longley, I. M., Buessenschuett, C., Clydsdale, L., Cubitt, C. J., Davis, R. C., Johnson, M. K., Marshall, N. M., Somerville, A. P. R., Spry, T. B., and Thompson, N. B., 2002. The North West Shelf of Australia A Woodside perspective.
In: Keep, M., Moss, S. J., (eds). The Sedimentary Basins of Western Australia 3: Proceedings of the Petroleum Exploration Society of Australia Symposium. Perth, WA, p.27-88.

Loucks, R. G. 2003, Understanding the development of breccias and fractures in Ordovician carbonate reservoirs. Publications-west texas geological society, p. 231-252.

Vail, P.R., 1987, Seismic stratigraphy interpretation using sequence stratigraphy, part 1: seismic stratigraphy interpretation procedure. In: Atlas of Seismic Stratigraphy (Ed. by Bally A.W.), Studies in Geology, 1, 1-10. AAPG.

Van Wagoner, J. C., Mitchum, R. M., Campion, K. M., & Rahmanian, V. D., 1990, Siliciclastic sequence stratigraphy in well logs, cores, and outcrops: concepts for high-resolution correlation of time and facies.

Wallet, B.C., 2014, Seismic attribute expression of fluvio-deltaic and turbidite systems. PhD. dissertation, The University of Oklahoma.

Weimer, P., Slatt, R. M., and Bouroullec, R., 2007, .Introduction to the petroleum geology of deepwater settings.





