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1. Highlights

* We develop a software package for cyclostratigraphic research and education

Many of the functions are powerful and specific to astrochronology

* |t includes models of sedimentary noise and variable sedimentation rate estimation

* |t is easy to use with a fully implemented graphical user interface (GUI)

Acycle is open-source and available free of charge

2. Introduction

Three reasons motivated development of the Acycle time series analysis program.
(1) to broaden and encourage the experience of time series analysis
(2) to speed the process for time-consuming iterative procedures

(3) to provide objective methods for astrochronology as reproducibility becomes a major
challenge

This software package™ integrates visualization and analysis of time-series and print-
ing graphics using the MATLAB programming language.
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3. The demonstration time series

The paleoclimate time series used to demonstrate Acycle is the XRF generated iron
(Fe) content of Core BH9/05 from the Paleogene Central Basin of Spitsbergen, Svalbard.
The full iron series of the Paleocene-Eocene Frysjaodden Formation was studied for the
construction of an astrochronology for the global carbon cycle perturbation associated
with the Paleocene-Eocene thermal maximum (PETM) (Cui et al., 2011).

* There is no specific requirement for hardware. Operating systems include Windows XP or later and Mac OS
X 10.6 or later. This software is developed in MATLAB version 2015b. MATLAB is essential for the MATLAB
version of the Acycle package. The size of Acycle is 47.5 M.
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logFe-460-552-rsp0.2-31.99-rLOESS-1000sim-1slice-coco-log.txt

logFe-460-552-rsp0.2-31.99-rLOESS-2000sim-1slice-COCO-log-1.txt
logFe-460-552-rsp0.2-31.99-rLOESS-2000sim-1slice-COCO-log-2.txt
logFe-460-552-rsp0.2-31.99-rLOESS-2000sim-1slice-coco-log.txt
logFe-460-552-rsp0.2-31.99-rLOESS-600sim-1slice-coco-log.txt
logFe-460-552-rsp0.2-31.99-rLOESS.ixt
logFe-460-552-rsp0.2-31.99-rLOESStrend.ixt

logFe-460-552-rsp0.2-35-rLOESS.txt _
logFe-rsp0.2-150-rLOESSup-600sim-1slice-coco.fig

logFe-460-552-rsp0.2-31.99-rLOESS-2000sim-1slice-25win-ECOCO-log.txt

logFe-460-552-rsp0.2-35-rLOESS-600sim-1slice-25win-ECOCO-log85".txt

1st column 2nd column

Depth/Time Value

®  @® | logFe
135.14 4.7060
135.51 4.5255
135.81 4.6915
136.31 4.5973
136.71 4.4943
137.11 4.5344
137.54 4.5154
137.90 4.5042
138.32 4.6427
138.70 4.7360
139.15 4.6885
139.50 4.7562
139.90 4.4640
140.38 4.5161

Figure 2. The Acycle. Left panel: GUI (see Fig. 4 for more details). Right panel: the data file format.

3.1. Data preparation

Acycle includes several tool-
boxes to facilitate the data
preparation processes. The pro-
gram allows users to sort data Iin
ascending or descending order.
Two or more values for the same
time (or depth) may be averaged
with the "Unique" function. Other
useful tools include the moving
average function and a first-dif-
ference function (Fig. 1).
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Figure 3. Log-transformed Fe paleoclimate series from
552 m to 460 m at Core BH9/05 in the Paleocene Central
Basin of Svalbard. The Fe series is shown with PETM
event onset and “body” interval of a prominent nega-
tive carbon isotope excursion, followed by a gradual re-
covery stages (Cui et al., 2011).

3.2 Sampling rate and interpolation
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Figure 4. Left panel: Acycle GUI. Middle panel: Sampling rate of the Log(Fe) series at Core BH9/05 in the
Paleocene Central Basin of Svalbard. Right panel: Histogram and the “kernel” fit of the sampling rates.
Two peaks are centered at 0.2 and 0.4, respectively. These plots are generated using the “Sampling Rate”

function in the “Plot” menu (Fig. 1).

3.3 Prewhitening

The log(Fe) series were pre-whitened using “Pre-whitening” function by

subtracting a long-term trend.
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Figure 5. Left panel: Acycle GUI. Middle panel: The “Prewhitening” GUI. Right panel: The log(Fe) series at
Core BH9/05 is shown with the linear trend, second order polynomial fit, and various 50-m secular trend
using MatLab’s “lowess”, “rlowess”, “loess”, and “rloess” methods.

3.4 Power spectral analysis
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Figure 6. Left panel: The “Spectral Analysis” GUI. Right panel: 2 multitaper (MTM) power spectral analy-
sis of the Log(Fe) series at Core BH9/05 after removing the 50 m “rloess” trend and interpolation of 0.2 m
sampling rate. Cycle wavelengths are marked at top of the peaks. bw: bandwidth.

3.5. Evolutionary power spectral analysis
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Figure 7. Left panel: Evolutionary Power Spectral Analysis GUI. Right panel: 3D evolutionary FFT spec-
trum of the log(Fe) series after removing 50 m “rloess” trend using a running window length of 25 m and
a sliding step of 0.2 m.

3.6 Evolutionary correlation coefficient (ECOCO)

ECOCO (Lietal., 2018 EPSL) was calculated to track variable sedimenta-
tion rate and test astronomical origin of stratigraphic oscillations.
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Figure 8. eCOCO GUI and eCOCO results of the Fe series at Core BH9/05. Left panel: Evolutionary correla-
tion coefficient. Middle panel: Evolutionary H, significance level. Right panel: Evolutionary number of
contributing astronomical parameters. The sliding window size is 25 m; the sliding window step is 0.2 m.
All periodogram removes the AR(1) red noise model. The number of Monte Carlo simulations is 2000. Sed-
imentation rates range from 3 to 30 cm/kyr with a step of 0.1 cm/kyr.
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3.7 Sedimentary noise model
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S G e for the reconstruction of past
P - sea-level changes from astro-
Teratseni ot 2 w2 | | nomically forced marginal
e |l marine stratigraphy (Li et al.,
8. e 1°IIIIIIII£I 2018 Nature Commun.). The
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sl lag-1 autocorrelation coeffi-
G G G B ox| WY cient (p,) and dynamic noise
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May type the following script to quite the
parallel computing: delete(gcp('nocreate'))

Figure 9. DYNOT GUI. (Data not discussed.)
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4. Toolboxes and supporting documents

& Insolation
Insolation Type Astronomical Solution
© Daiy Mean Laskar et al. 2004 i
Time Scale

Choose the starting and final time:
from 1 step 1

to 1000 time unit  kyr ﬁ

The series willhave 1001 poinis

Insolation parameters

Solar constant 1365  Wimr2 (L) Mean daily Max daily

Starting day 80  ordate  March ﬂ 21 H
Ending day 266  ordate September 283
Latitude
° Single latitude from 65 degree (N>0, S<0)
Latitude range to 80 step 1

® e Astronomical Solutions

Astronomical solutions Time Interval

La2004 ﬂ From t1 1 k.a.
To t2 1000 k.a.

Astronomical parameters
2 A— oK

Eccentricity

Obliquity

Precession itel, F., Gastineau, M., Correia, A.C.M,, Levrard, B., 2004. A long-term

_olation quantities of the Earth. Astronomy & Astrophysics 428, 261-285.

Figure 10. Solar insolation calculator (top panel) and a tool-
box generating astronomical solutions (bottom panel).
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Acycle is a comprehensive, but simple-to-use software package for analysis of time-series designed for
paleoclimate research and education.

Acycle runs either in the MATLAB environment or as a stand-alone application on Windows and Macintosh OS X
(coming), and is available free of charge.

Acycle version 0.2.5 can be downloaded here

GitHub: https://github.com/mingsongli/acycle

Dropbox: https://www.dropbox.com/sh/t53vis539gmixnm/AACOBqTROUSxghKwuVcllwbma?dl=0

BaiduCloud: https://pan.baidu.com/s/12VJtwNg0morQS3pdnoezSA

A very preliminary User's Guide can be downloaded
https:/github.com/mingsongli/acycle/blob/master/doc/AC User's Guide.pdf

Figure 12. Website for Acycle.
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Figure 11. Acycle User’s Guide.
https://github.com/mingsongli/acycle/blob/master/doc/AC_User's_Guide.pdf

Website for Acycle:
mingsongli.com/acycle

Link to the code:
github.com/mingsongli/acycle
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