ldentification of potential lacustrine stratigraphic intervals in the Woodford Shale, Oklahoma,

Using 3D seismic multi-attribute displays and a supervised neural network.
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ABSTRACT

The exploration and development of unconventional shales have focused on predominantly marine deposits, and the potential of
hypersaline, restricted marine and lacustrine deposits have not been studied systematically. The primary goal for this study is to
resolve if there are seismic indicators for such rocks within a predominantly marine shale, focusing on the Woodford Shale formation
in Oklahoma. Several of the North American resource shales have been characterized as marine sequences with the common
characteristic of being deposited above a carbonate formation where paleo sea level fluctuations allowed the development of erosional
topography that might lead to restricted hypersaline lacustrine/embayment settings. The differences in hydrocarbon generation and
cracking kinetics result in different thermal maturity windows for marine and saline lacustrine deposits, where lacustrine rocks require
higher thermal maturity for oil generation. Therefore, where high thermal maturity for the marine rocks crack the oil, that same
maturity yield for the lacustrine deposits the oil might be preserved, thus providing previously unidentified exploration and prospectivity
targets. A model based post-stack acoustic impedance inversion and a supervised neural network was performed to predict the
Total Organic Carbon (TOC) variation along the Woodford Shale. The results are tied with the regional context of the identification of
geological variations and potentials of the potential lacustrine zones.

Key words: Woodford Shale, lacustrine/embayment, model based post-stack acoustic impedance inversion, supervised neural
network, Total Organic Carbon (TOC) .
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The depositional model of the Woodford Shale through one eustatic sea level cycle (Slatt et al.,
of falling sea level, can be recognized isolated water masses with restricted water circulation over topographic depressions left by
karst/incised valley development on the underlying carbonate surface (Hunton Limestone in the case of the Woodford). A motivation of this
seismic analysis is to evaluate if there are any seismic characteristics that allow the identification of hypersaline lacustrine/embayemt type
stratigraphic intervals within the Woodford Shale, which has been mainly interpreted as a marine widespread deposit.
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Figure 4. Depositional model from North to South of Oklahoma through a sea level cycle of the
Woodford Shale. Note towards the North the occurrence of incised valley fill erosion (Slatt, 2016).

2016) proposes that during the early stage
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Slatt, 2016.
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Regional isopach maps along the study area interpreted by McCullough (2014) for the Woodford Shale and Hunton Group in the Cherokee
platform, and the 3D seismic survey of this study located in South East Cherokee Platform, Seminole County Oklahoma, reveal an unconformity
surface on top of Woodford Shale underlying carbonate rocks (Hunton Group), with considerable karst topography and around >100m of vertical
relief. From this, a geological model claims that during lowstand of sea level, karst topography forms an irregular surface, which can provide
discontinuous catchment areas for ponding of hypersaline lacustrine/embayment water masses, forming restricted water circulation and
establishing conditions for higher deposition and preservation of organic matter. The 3D seismic survey is inverted to predict TOC variability that
shows discontinuous “pod like” areas of local anomalously high TOC in the lower Woodford zones. This is in contrast to common previous thinking
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the Hunton Group is eroded -almost gone- in the study area).

4. MULTI-ATTRIBUTES AND SUPERVISED NEURAL NETWORK ANALYSIS

Figure 8. Coherency extracted along the Hunton Group. Contours correspond to Figure 9. Hunton time-structure co-rendered with coherent energy and most Figure 10. Horizon slice along the top Hunton through the most positive
Hunton time thickness in milliseconds. Dark colors to karstifications. negative curvature (Yellow arrows indicates karst features and possible lake pods, curvature and most negative curvature volume. Most negative curvature

(blue areas) associated with major karstifications
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Figure 11. Stratigraphic correlation of the wells in the Study area, flattened at the Woodford shale
top. Note the thickness variations of the Hunton Group and where is absent the Woodford shale has
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Figure 13. (A) TOC Calculation and seismic tie for Well Braums#2 using the Passey et al., (1990)
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Flgure 14. (A) TOC calculatlon process using Passey

method; (B) Initial background model on a crossline passing through well Braums #2; (C) Inversion Zp (1990) methodology; (B) Cross-plot of well calculated TO
results in arbitrary impedance line showing well Braums#2; (D) Error data slice calculated 2ms below and P-Impedance (calculated in all wells); (C) Neural
the Woodford shale seismic horizon. network training operator length and attribute selection
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Figure 15. Hampson et al. (2001) methodology. (A) Neural Network Training data. TOC (red) with extracted seismic data, Coherent
c Energy and Zp from Seismic Inversion, Spectral Decompositions Principal Components 1, 2 and 3; (B) Multi-attribute regression of actual
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correspond to the Hunton Group; (C) Probabilistic neural network using three attributes; (D) TOC map extracted along the Woodford.

TOC vs. predicted TOC. Three attributes were used in the regression: Zp, Coherent Energy and Spectral PC 2. Negative TOC values/

4 2. HUNTON GROUP — WOODFORD SHALE RELATIONSHIP A

Figure 7. Inline of the 3D seismic
survey that shows the erosion of the

Wdfd Hunton group and the paleo
Hntn R 2 . topography of the Woodford shale base
Shn 2 R (Hunton Group and Sylvan Shale)

; n Similar to a possible lake pod deposit.

5. SUMMARY AND CONCLUSIONS

In order to distribute TOC in the study area a supervised neural network workflow was applied to incorporate the post-stack 3D seismic data in
combination of the calculated Zp from the seismic inversion with principal components of Spectral decomposition analysis, Coherent Energy
volumes as external attributes. The weighting function is adjusted to optimize the prediction of TOC as a directly indicator of organic facies
variations. High TOC zones correlate with the location of karst features of the Hunton group and potential restricted hypersaline
lacustrine/embayment deposits. The analysis window of the training was limited only to the Woodford Shale, and was aimed to be within the
interest zone in order to obtain a better correlation. The neural network performs this process at every sample location in the seismic volume.

Seismic interpretation, inversion and neural network property extension confirms the hypothesis that the impedance anomalies seen in the
Woodford shale window correspond to internal lateral and vertical facies variation. The Woodford shale is thicker and with more TOC where the
Hunton Group is completely eroded and structural features lead into the identification of lake pods that can be intervals of very restricted Woodford
organic rich deposits, thereby providing opportunities for more innovative exploration strategies. As a future analysis, the pre-stack inversion must
be done for estimating the elastic properties and thus reduce the inversion error that can provide better TOC estimates.

« Passey, Q. R., S. Creaney, J. B. Kulla, F. J. Moretti, and J. D. Stroud, 1990, A
Practical Model for Organic Richness from Porosity and Resistivity Logs: AAPG
*Braum #10-1 Bulletin, 74, p. 1777-1794.

QBraum #2 - Hampson, D. J., S. Schuelke, J. Quirein, 2001, Use of multiattribute transforms to
predict log properties from seismic data: Geophysics, v. 66, p. 220- 236.

Figure 16. Mean TOC map, extracted along the Woodford Shale
interpreted section. Contours represent time structure intervals.

that organic-rich strata are deposit from marine waters in a blanket fashlon - McCullough, 2014
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