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Abstract

Astronomically controlled variations in the climate induce cyclic trends in the sed-
imentary process if being effectively registered by the depositional process, are easy to
detect in shallow marine carbonate rocks. One of the main difficulties to be solved in
order to choose among the registered periodicitics is the conversion from the spatial
(i.e. recurrent variations along the strata sequence) to the temporal domains of the
astronomically induced frequencies present in the rock record. We discuss here how
this problem can be circumvented by teaching a neural net to recognize armonics in
the signal.

Introduction

High frequency ciclicity has been more and more used in modern stratigraphy for its poten-
tial predictive value in order to tic sedimentary processes to absolute time. In spite of the
pioneeristic work of Croll and Gilbert at the turn of the last century, it has been only in the
last fifteen ycars that an increasing interest has developed and new term of “cyclostratig-
raphy” has became established stressing the genetic connection of the orbital perturbations
induced by the variability of Earth’s thermal budget (Milankovic’ cyclicity) with the climate,
sedimentation and biosphere.
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2 The data %

The data used for the present analysis refer to two stratigraphic sequences observed alog 3
exposed open air quarries near Mount Raggeto [5], [2] and Mount Tobenna [4]. The Swlogiczﬁ 4
characterization of these sequences has been discussed at length [5], [4] and we refer to thege

papers for further details. We want, however, to stress a few points: ;

- The data were obtained by sampling at centimetric scale textures directly from the rock
outcrop and lithofacies with supplementary examination by means of thin sections;

~ Both sequences refer to carbonate strata formed in shallow water environments; iq g
at a depth never exceeding -on the average- few meters or tens of meters and, therefore
. . . . . - L
in environments very sensitive to global sea level-oscillations (eustatism); :

- The sedimentation rates in these environments are usually fairly high and, therefore‘
a sampling at centimetric scale provides a high time resolution.

The exposed part of the Mount Raggeto sequence covers ca. 270 m, while the Mount Tobenna
sequence extends ca. 800 m of which 60 m have been studied in the detail required by the
present study. The sequence related to Mount Raggeto is illustrated in Fig.1 as an example,

2.1 Application to stratigraphic records

In this paper we address the specific problem of how to train a neural net to recognize
the existence of those periodic signals which have been known for a long time to exist -
in stratigraphic signals. The used neural net is a Multy Layer Perceptron with 2 hidden .
layers, with back propagation learning [6]. Several authors have suggested that these signals -
might be linked to the secular variations of the Earth’s orbit. The main problem to be
solved remains, however, how to convert the spatial frequencies observed in the signal to -
the time frequencies predicted by the orbital theory. Starting from the quite accurate time ;
frequencies predicted for a given epoch, by Berger and his collaborators on the basis of 4
N-body simulations of the solar system, we trained the neural network described above to
recognize the existence of such periodic signals (regardless their amplitude) in real data, once -
a rough estimate of the sedimentation rate S,,, has been provided. '

This was achieved by producing a set of synthetic data string based on S,,;, and the set of -

frequencies estimated by Berger as the most likely for the assumed age of the considered
strata. |

These strings were then used to train the net. In the following section we shall give more ;
details on the application of the method to two specific cases.

r

3 Data analysis

Data analysis consisted of two main steps: (i) preprocessing aimed to reduce the noise level in
the data and (ii) spectral analysis needed to have a first guess on the spatial armonics present
in the signal. The first goal was achieved by means of a simple running mean algorithm.
The use of more refined filters would have been unappropriate due to the tipology of the

signal. The second step makes use, instead, of the so called Modified Scargle Algorithm (3],
2] and leads to a rough estimate of S

est-
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4 Description of the experiments: Mount Tobenna
and Mount Raggeto Data

The stratigraphic records obtained for the exposed sequences in Mount Tobenna and Mount
Raggeto were processed according to the previous section.

This is the most delicate step of any experiment done with neural networks and on it depend
the choices of the training and test sets and the best structure for the input data. The aim
of our experiment was to teach the network how to recognize the possible existence in a very
noisy spatial record of periodic signals, choosing between six possible classes, namely the six
main periodicities expected for Milankovic’ type phenomena. In order to train the network
we produced a series of simulated records having the following characteristics:

all possible combinations of the six Milankovic’ periodicities;

additive noise;

- same length of the real stratigraphic sequence;
similar square-like shape; .

- same sampling rate of the real data set; due to the different domains of the real (id
est space) and simulated (d est time) series it is first necessary to find the conversion
factor (id est sedimentation rate) a.

In order to estimate a we proceeded as follows: by a preliminary spectral analysis of the data
we derive the most significant peak and assumed it to be related to the highest Milankovic’
frequency, thus obtaining an estimate of the sedimentation rate a. This value gave the
sampling rate for the synthetic signals, which were therefore degraded by adding randomly
generated additive noise. In Fig.2 is shown an example of synthetic signal, containing all six
Milankovic’ frequencies, created by our procedure.

We subdivided every simulated data set into smaller sub-sequences long enough to contain
the whole information. Every sub-sequence is slightly overlapping in order to simulate a
sort of continuity in submitting the signals to the net. For each sub-sequence, a Fourier
transform allows to identify the six amplitude values which represent the pattern input; so
every signal is submitted to the network likewisc a pattern set. The training sct is composed
of 30 synthetic signals opportunely choosen between the 64 available. For the test phase we
use, in addition to the real stratigraphic signal, some synthetic signals not included in the
original training set.

Tables 1, 2 and 3 give the most significant results of the esperiments.

5 Conclusions

We have presented a neural net based approach to the recognition of periodicities in strati-
graphic record. With respect to the traditional power spectrum based techniques ( PST ),
this method offers several methodological and practical advantages which render the detec-
tion of periodicities much more reliable. Infact, instead of searching blindily for peaks in
the periodogram, the neural nets approach presented here makes use of PST, only to obtain
a first-order estimate of the sedimentation rate. The existence of periodic components in
the stratigraphic record is then performed on yes/not base by training the net to recognize



signals of given frequency. The time and effort required by the training of the net is lal'gely
compensated by the effectiveness of the method and by the relatively short computing time
required by the following processing steps. The method has been tested on two stratigraphj,
records obtained with centimetric accuracy along two exposed sections in the open ajy S

type signals in both sequences and in particular:

— Eccentricity (long and short), Obliquity (long and short) and Precession (long) for tp,
Mount Tobenna;

~ Eccentricity (long and short), Obliquity (long and short) for the Mount Raggeto.
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Table 1: Training phase. Network topology contains the information on the number of layers
and on the number of neurons per each layer, respectively: “in-hid1-hid2-out”.

Synthetic signal network topology cycles rms training
Tobenna 12-6-6-6 7.000  0.013117
Raggeto 12-6-6-6 95.000  0.009991

Table 2: Test phase. The names F;, i = 1,...6 are the six Milankovic’ periodicities, from the
highest (F1=400 ky) to the lowest (F6=18 kyr).

Signal rms test target periodicities recognized periodicities
Tobenna 0.124958 F1,F2 F3,F4,F5 F1,F2,F3,F4F5
Raggeto  0.031333 F1,F2,F3,F4 F1,F2,F3F4

Table 3: Test phase. Level of confidence for positive detections for the six Milankovic’
frequencies. A value higher than 50.0 mecans that the frequency has been detected.

Signal Freq. 1 Freq. 2 Freq. 3 Freq. 4 Freq. 5 Freq. 6
Tobenna 9948  97.77 87.69  63.51 57.44 0.38
Raggeto 8217 8596  55.18  57.84 41.22 16.53
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Figure 1 Textural signal extracted from mount Raggeto.
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Figure 2 Synthetic signal obtained for the mount ’I‘obenna. texture
record by combining the six Milankovic’ cycles.




