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Introduction

This report documents a set of FORTRAN programs and subroutines for
analyzing stratigraphic time series data. These programs were
written as part of the author's Ph.D, dissertation (Schiffelbein,
1984) and can be considered as an appendix to that work. This
documentation is divided into two sections. The first section
follows the organization of the author's thesis. Each project is
briefly explained to provide a context for the programs. All
algorithms used in the project are also explained. The second
section provides an alphabetical listing of the algorithms referred
to in the first section. All programs were written for the UCSD
Vax 11/780 (VMS) computer. Subroutines referred to in the programs
but not listed (CARTESIAN, CLEAR, COMPLEX, CONVOLVE, FFT,
FFTINVERSE, INTERPOLATE, POLAR, POWER, POWERDB, PROLATE, REALPART,
ZEROMEAN) are from a library kindly made available to the author by

Alan Chave and are described and listed in Chave (1980).
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“ IT. Project and Program Descriptions




A. The Effect of Benthic Mixing on the Information Content of

n Deep-Sea Stratigraphic Signals

Abstract (Chapter 3 of the dissertation):

- Benthic mixing or bioturbation affects sediments in a
number of ways, including 1) the production of trace fossils,
2) mechanical and/or chemical alteration of the sediment, and
3) filtering or smearing stratigraphic signals. Since mixing
alters both the slopes and amplitudes of any recorded events,
some knowledge of the process is essential for correct
interpretation of the signals. Particularly in the light of
recent trends towards high-resolution stratigraphy and signal
unmixing, the frequency characteristics of the benthic mixing
filter must be understood to know which types of signals can
be detected after mixing. Ash and tektite profiles in
deep-sea cores from various geographic regions are examined in
the frequency domain to determine the characteristics of the

benthic mixing process. Analysis of these profiles indicates

that even signals from cores having sedimentation rates as
high as 7 cm/ka will show severe attenuation of frequencies
higher than 0.35 cycles/ka (periods shorter than 2.9 ka)
resulting in loss of the ability to resolve closely-spaced

v events. Most signals will experience much more serious oo
high-frequency attenuation, however. The severity of high
frequency loss is directly related to sedimentation rate (R = Efé;‘

0.97 for the cores examined), suggesting that this is the most
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important variable when considering a core for

paleoceanographic or paleoclimatic study.
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Progzam PROJECT: This program computes the power spectrum of an
impulse response function (IRF). The IRF is stored in some input
file. The power spectrum is given in decibels and stored in a
user-specified output file.
Program GSTEST is a simple driver program for the subroutine GSIRF.
The user is asked for the benthic mixing parameters, which are
passed to GSIRF, and the mixing function is generated and stored in
a user-specified file,
Subroutine GSIRF uses the approximation equation of Officer and
Lynch (1983) as a solution to the benthic mixing equation of
Guinasso and Schink (1975). The subroutine is accessed by a
statement:

CALL GSIRF [generated IRF vector, mixed layer thickness

(cm), diffusion coefficient (cmz/ka), sedimentation rate

(cm/ka)]. The output is the benthic mixing impulse

response function.
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Extracting the Benthic Mixing Impulse Response Function: a

Constrained Deconvolution Technique

Abstract (Chapter 4 of the dissertation):

Benthic mixing or bioturbation acts as a low-pass filter
on stratigraphic signals, altering both the apparent rates and
amplitudes of recorded events. The mixing process is
represented as a time-invariant convolution, and uses an
impulse response function (IRF) parameterized in terms of
mixed layer thickness and mixing intensity (diffusion
coefficient)., Such parameterization facilitates construction
of the inverse (deconvolution) model, which is used to examine
the effects of incorrect IRF characterization on deconvolution
results., Results show that mixing intensity is as important a
parameter as mixed layer thickness when unmixing a strati-
graphic signal.

Stable oxygen isotope records from two different species
of planktonic foraminifers with changing relative abundances
in the same core will show apparent offsets in the timing of
events due to mixing (Hutson, 1980). The offset can be used,
with the appropriate unmixing equation, to constrain mixed
layer thickness and mixing intensity based on analysis of
actual isotope signals, The assumption is that any offsets in
the records of the two species are totally a product of the
mixing process.

The technique was applied to a high-resolution glacial-
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interglacial record (Termination II) from an equatorial
Pacific piston core. Multiple lateral subsamples were stacked
to increase signal to noise ratio. A multidimensional
nonlinear optimization routine (SIMPLEX) was used to minimize
an error function related to stratigraphic offsets between the

two species. A solution to this problem yielded a mixed layer

5 cm thick and a mixing intensity of 7 cmZ/ka. This mixed
layer thickness is at the low end of estimates based on 14C
profiles in box cores from the same geographic area (Berger
and Killingley, 1982). The mixing operator is probably
conservative, and does not take into account that
sedimentation rates were higher during the last glacial period
than during the Holocene. This may explain the inability of
the algorithm to completely remove the stratigraphic offset
between the two isotope records. The unmixed record (using
the parameters 5 cm and 7 cmz/ka) shows a deglaciation
overshoot which is distinctly smaller than the "meltwater

spike" proposed by Berger et al. (1977), i.e., less than

0.1 °/oo versus a range of 0.3 o/oo to 1 %/oo.
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l. Program HUTSON: This program performs a benthic mixing
(convolution) operation on an input stable isotope signal.
The mixing takes into consideration the change in relative

abundance of the isotope carrier (foraminifer species) as

described in Hutson (1980). The user is asked for input file-
names for isotopes, abundances and the mixing operator. The

mixed record is stored in a user-specified file.

2. Program DECOTEST: This program is a simple driver for -

time-domain deconvolution of a stable isotope signal. The

:
‘-1
B

user is asked for the isotope record infile, the mixing
function infile, and a constant that controls the sensitivity -

of the unmixing. Values between 0.0Cl and 0.05 were found

k4 A . .

appropriate for most real and simulated isotope signals, with
larger numbers giving less sensitivity. The program accesses i
subroutine DECQO, which performs the deconvolution. The
unmixed record is stored in a user-specified file.

3. Program HUTDEC: This program is the inverse of program oed
HUTSON. Like DECOTEST, this routine deconvolves an isotope
signal, but the relative abundance of the signal carrier is iil‘
also considered in HUTDEC. The program operates as described
for DECOTEST above.

4, Program OFFSET: This is a large and relatively complicated
driver program that attempts to remove stratigraphic offset
between two stable isotope signals from different foraminifer
species in a single core by deconvolving the signals with
various unmixing functions. (Refer to the thesis for

details.) The heart of the driver is a simplex optimization
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algorithm (Nelder and Mead, 1965) modified from Daniels
(1978). The fit of the two unmixed curves is optimized by
adjusting the benthic mixing parameters. The program examines
stratigraphic offset by calling subroutine ERROR, which, by
calling GSIRF and DECO, unmixes the two signals and examines
closeness of fit,
Subroutine ERROR: This algorithm calculates a value for the
optimization error function as described for OFFSET. This is
a specialized subroutine which accepts two isotope signals
(different foraminifer species from the same core) their
relative abundances, and the benthic mixing parameters. Four
calls to DECO unmixes the records and calculates the residual
between the two unmixed signals (error function).
Subroutine DECO: This algorithm performs a time-domain
deconvolution of a measured or theoretical stable isotope
signal. The subroutine is accessed by a statement:

CALL DECO [IRF vector, number of points in

input, input vector, output vector, decon-

volution sensitivity].
DECOTEST is a simple driver program for using this subroutine.
Subroutine CNVLV: This subroutine convolves two vectors and
stores the result in a third. The input arrays have lengths N
and M, with the output of length N + M - I,
Subroutine ZERO: This algorithm sets the mean value of a

vector to zero. The original mean value is saved as AMEAN.




c. Bruhnes Dissolution Cycle: Effects on Oxygen Isotopes,

Sedimentation Rates, and Signal Spectra

Abstract (Chapter 5 of the dissertation):

A long wavelength cycle (400-500 ka) has been found in
stable oxygen isotope records from Pleistocene deep-sea
sediments in the Pacific Ocean. This cycle shows an increase

in amplitude with increasing water depth, correlates in both

phase and duration with the Brunhes dissolution cycle of
Adelseck (1980) and is apparently a result of differential
dissolution. This dissolution cycle has significantly

affected sedimentation rates, particularly in deep water

T
P { . .

sediments. Sediment loss through dissolution can be

quantified by comparing isotope stage lengths with some
shallow reference core or by using %CaCO3 data. Examination
of a number of equatorial Pacific cores suggests that even
sediments recovered from a water depth of 3500 m have
undergone significant distortion as a result of this disso-
lution. Long-wavelength sedimentation rate perturbation
results in a widening of spectral peaks, with a consequent
decrease of spectral resolution, if some depth scale
correction is not made.

- The Brunhes dissolution cycle is apparently one of many
cycles which continue with a periodicity of roughly 400 ka
back into the Miocene. Dissolution on this time scale

resembles the orbital eccentricity record, which has strong

100 and 400 ka components. The fact that the 400 ka cycle is

10




T ittt

not seen in shallow water oxygen isotope records suggests that

it is not directly related to ice volume, but rather to some

element of the carbon cycle affecting carbonate

understaturation in the deep ocean.
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Program DISSOLVE: This program accepts two stable oxygen
isotope stratigraphies and their isotope stage boundary
positions, aligns the second signal to the first using the
isotope stage boundaries, and subtracts the second curve from
the first. Interpolation is done with cubic splines (de Boor,
1978). The residual curve is then smoothed and stored in a
user-specified file.

Program ANALPOW: This program computes the power spectrum of
a stratigraphic signal. A matrix of downcore measurements and
depths are read in, equally spaced with cubic spline
interpolation, windowed and Fourier transformed. The raw
spectrum is band averged (see Otnes and Enochson, 1972) and

converted to relative decibels.
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Spectral Effects of Time-Depth Nonlinearities in Deep Sea
Sediment Records: A Demodulation Technique for Realigning

Time and Depth Scales

Abstract (Chapter 7 of the dissertation):

14C dating and ZCaCO3 in late Pleistocene sediments
suggest that deep-sea sedimentation rates vary cyclically and
that this cyclicity is related to climate. Sedimentation rate
variability leads to nonlinearity in the time-depth mapping
function. This nonlinearity can have profound effects on
signal spectra, leading to the development of harmonics and
intermodulation tones. These distortion effects in the
spectra give a direct indication of the degree of
nonlinearity, thereby providing a tool for realigning time and
depth scales. A tuning technique is developed which assumes a
direct link between climate (as measured in 0-18 from
planktonic foraminifer tests) and sedimentation rates. A
criterion of "spectral simplicity", as quantified in the
varimax norm, is used to demodulate the input spectrum.
Application of this technique to an equatorial Pacific piston
core (ERDC 84) found peak glacial sedimentation rates to be
30% higher than peak interglacial rates, a figure in good
agreement with 14C-based estimates from the same area. This

technique is compatible with other time-scale tuning

techniques such as those using orbital parameters, and, in

13
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combination with these other techniques, provides a method for

fine-tuning any late Pleistocene record.
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Program WAVETEST: This program examines the effects of
systematic depth-scale perturbation on signal spectra. A
sinusoidal signal is generated by calling WAVGEN. The program
then adjusts depth values according to signal amplitude,
interpolates with cubic splines for equal sample spacing, and
calculates the power spectrum. A range of degrees of signal
distortion are examined via a DO loop and the results in both
time and frequency domains are stored in a user-specified
file,

Program ISOJUST: This program is essentially the same as
WAVETEST except that it uses measured isotope data as input
rather than calling for a sinusoidal signal. The input signal
is progressively distorted via a DO loop, and the power
spectrum is calculatel at each step. The spectra are band
averaged and a varimax norm is calculated for each spectrum to
determine its simplicity. Isotope stage boundaries are read
in, which are used to quantify the signal distortion.
Program VARIMAX: This simple program calculates a varimax
norm as described by Wiggins (1978) fur quantifying the
simplicity of a signal. The program accepts a vector as
input.

Subroutine WAVGEN: This algorithm generates a multi-component
sinusoidal time series of length NS. The component

wavelengths are specified within the subroutine.
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