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Abstract

Characterizing fracture content of subsurface siliceous rocks susceptible to fracturing is a complex pro-
cess. We have experimented with the use of the Hurst coefficient and have noted the autocorrelated na-
ture of particular subterranean intervals that contain biogenic silica in various stages of diagenesis. We
examined the nature of lithology signals from well logs and have ascertained the existence of long-range
dependence and persistency. We based our analysis on gamma-ray and neutron logs vs. depth and exam-
ined the autocorrelation of the sequential appearance of highly cherty intervals. The Hurst coefficient
is used as a measure of the autocorrelation of the log readings vs. depth as verified by Power Spectrum
Density plots. Our analysis detects a persistency in the lithology data in the intervals significantly affected
by the silica diagenesis.

Introduction

In subsurface chert formations containing biogenic silica that have undergone silica
diagenesis, both the gamma ray log and the neutron logs are sensitive in detecting intervals
with high concentration of shale bearing intervals sandwiched between the laminated chert
intervals. Our objective was detecting any systematic organization in an otherwise chaotic
system. Subsurface well log data for clastic sediments resemble fBM (fractional Brownian
motion) type time series [1-4]. A prior analysis using the power spectrum for estimation of 3
can help in the R/S analysis of the Hurst coefficient. If 321, the data is considered as fBM-like.

Silica Diagenesis in the Monterey Formation

In subsurface fractured biogenic siliceous rocks, the highest permeability is in organic
rich siliceous mud rocks with occasional inclusion of phosphatic or calcareous sequences.
A highly complex sequence of diagenetic alteration during burial diagenetic can affect the
transformation of heterogeneous mixture of silica phases, hydrated clay, organic matter
and authigenic carbonates. In biogenic silica environments, certain transformations occur
at temperatures below 100 °C. Fractures formed during the diagenesis or tectonic related
causes, affect hydrocarbon migration and production. Compositional variations especially the
detrital content can be detected via gamma ray and neutron logs from wells penetrating these
intervals. We cross checked our method to detect the cherty intervals by examining cutting
analysis in mud logs.

Methodology

As shown by Hewett [1]; Goggin et al. [2]; Perez & Chopra [3] and Beier & Hardy [4],
various models have been used for reservoir description. Here, we use the Hurst coefficient
as an indication of autocorrelation or randomness of geology. We apply the method on
the recorded downhole well log data, which maps the geological variation and reservoir
heterogeneity. Hurst [5] first introduced this empirical relationship in 1951 while studying
the long-term discharge variation of River Nile. The methodology was later discussed and
used by Mandelbrot & Wallis [6]. The essence of the method is examining the variation of
ratio between R and S. R represents the difference between the maximum and minimum of
accumulated departure from the mean X .

Y()=£(x()- 2, ()
R(r) = max I:Y(t):l —min [Y(t):l

1<t<r
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and o is a constant. Hurst coefficient can be obtained from a
log-log plot of R/S vs t. The rescaled range technique introduced
by Hurst has been applied to several types of time series data
including signal processing applications, stock markets forecasting,
network traffic, to bioengineering. Some limited publications have
appeared in the application of the Hurst coefficient in subsurface
geology and geophysical mapping. We developed cumulative R/S
plots and conducted various sets of analysis by including first chert
intervals as products of diagenetic processes and then included
intervals of detrital content above chert interval. We noted that the
productivity of the individual wells in an actual field under study
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correlate with the prevalence of fractured cherts.

The persistency and autocorrelation

Below we show the analysis of well log responses tested
using a power spectral density analysis method. Figure 1 shows
a comparison of histograms and power spectral densities of the
raw and normalized gamma ray for well A010. With and without
normalization, the autocorrelation is obvious. All indicate the
nature of signals analyzed are fBM. We developed an algorithm to
estimate the Hurst coefficients for the cases under our study. These
coefficients all showed values above 0.7, indicating that indeed
there seems to be persistence in the rock compositional variation
in the diagenetically affected sections as depicted by well log data.
Figures 2-6 show the power spectral density and corresponding
R/S analysis of neutron and gamma ray data for three wells,
A010, A013, A015 and A03. According to Du & Ershaghi [7], for
combinations of two fBM series one could see slope changes in the
R/S analysis.
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Figure 1: Comparison of histograms and power spectral densities of the gamma ray data for well AO10 using

raw and normalized data
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Figure 2: Power spectral density and corresponding R/S analysis for gamma ray and neutron recordings of a
cherty section in well AO10
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Figure 3: Power spectral density and corresponding R/S analysis for gamma ray and neutron recordings of a
cherty section in well AO13
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Figure 4: Power spectral density and corresponding R/S analysis for gamma ray and neutron recordings of a
cherty section in well AO15
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Figure 5: Power spectral density of the cherty interval with and without the shaly section for well AOO3.
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Figure 6: R/S plots

Conclusion

Our studies show that well-logging data in the diagenetically
altered cherty sections can generally be analogous to fBM, and we
can use the data to estimate the Hurst coefficient by applying the
R/S analysis. For the first time we are offering the results of a study
that has demonstrated that applying the R/S analysis and spectral
density in the cherty intervals highly subjected to diagenesis and
perforated on the producing wells can indeed indicate a persistency
and autocorrelation.

Nomenclature
Hu = Hurst coefficient, or Hurst Exponent, dimensionless
R=range of the data, in same unit of analyzed data
S = standard deviation of the data, in same unit of analyzed data
t = t* data point in the data set, dimensionless
T = size of sampled data, dimensionless
X = value of single data point, in same unit of analyzed data

X =mean of the data, in same unit of analyzed data
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of the cherty interval with and without the shaly section for well AOO3.

Note: when marked as ‘in same unit of analyzed data), it refers
to API unit (for GR data), or 1 (for Neutron Porosity data or any
normalized data).
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