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2. 2%k
BIEAEMAT A Acycle FIRR K REFEBER T Acycle, 51 #EIRAcyclef3CE:

Li, M., Hinnov, L.A., and Kump, L.R. 2019. Acycle: Time-series analysis software for
paleoclimate projects and education, Computers & Geosciences, 127: 12-22.
https://doi.org/10.1016/j.cageo0.2019.02.011

SRR RO RAE LR ik, &5 AR H AR -
T H-#r#5 /5 Bayesian Changepoint:

e Ruggieri, E., 2013. A Bayesian approach to detecting change points in climatic records.
International Journal of Climatology 33, 520-528, https://doi.org/10.1002/joc.3447.

FH5% & EX Correlation coefficient (COCO or eCOCO):

e Li, M., Kump, L.R., Hinnov, L.A., Mann, M.E., 2018. Tracking variable sedimentation rates and
astronomical forcing in Phanerozoic paleoclimate proxy series with evolutionary correlation
coefficients and hypothesis testing. Earth and Planetary Science Letters 501, 165-179,_
https://doi.org/10.1016/].epsl.2018.08.041.

HRos 3408 BLH- 28 #: Evolutionary fast Fourier Transform (evoFFT):

e Kodama, K.P., Hinnov, L., 2015. Rock Magnetic Cyclostratigraphy. Wiley-Blackwell, 165 p.,
https://doi.org/10.1002/9781118561294.

eTimeOpt:

e Meyers, S.R., 2019. Cyclostratigraphy and the problem of astrochronologic testing. Earth-Science
Reviews 190, 190-223, https://doi.org/10.1016/j.earscirev.2018.11.015

VB Filtering (Gauss and Taner filters):

o Kodama, K.P., Hinnov, L.A., 2015. Rock Magnetic Cyclostratigraphy. Wiley-Blackwell, 165 p.,
https://doi.org/10.1002/9781118561294

Z & DI85 &I B fR% Multitaper data adaptive weighting and harmonic F-
test:

e From an unpublished SCILAB script by Jeffrey Park, Department of Geology and Geophysics,
Yale University.

He itk 4> Ht Power decomposition analysis (pda.m):

e Li, M., Huang, C., Hinnov, L.A., Ogg, J., Chen, Z.-Q., and Zhang, Y., 2016. Obliquity-forced
climate during the Early Triassic hothouse in China. Geology, 44, 623-626,
https://doi.org/10.1130/G37970.1

ZI M R Red noise modeling:

Classic AR(1)

e Husson, D., 2014. MathWorks File Exchange: RedNoise_ConfidenceLevels,_
https://www.mathworks.com/matlabcentral/fileexchange/45539-rednoise_confidencelevels with
corrections by L.A. Hinnov.

Robust AR(1)

e Mann, M.E., and Lees, J.M., 1996. Robust estimation of background noise and signal detection in
climatic time series. Climatic Change, 33, 409-445, https://doi.org/10.1007/BF00142586.
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IR A Sedimentary noise model (DYNOT or p1):

e Li, M., Hinnov, L.A., Huang, C., Ogg, J., 2018. Sedimentary noise and sea levels linked to land—
ocean water exchange and obliquity forcing. Nature Communications, 9, 1004,
https://doi.org/10.1038/s41467-018-03454-y

WEhE OFE (SWA) ThZEiE4H#7. Smoothed Window Averages (SWA) Power Spectral
Analysis:

e Weedon, G.P., 2022. Problems with the current practice of spectral analysis in cyclostratigraphy: avoiding
false_ml detection of regular cyclicity. Earth-Sci. Rev. 235, https://doi.org/10.1016/j.earscirev.2022.104261

e Weedon, G.P., 2020. Confirmed detection of Palaeogene and Jurassic orbitally-forced sedimentary cycles in
the depth domain using false_ml Discovery Rates and Bayesian probability spectra. Boletin Geologico y
Minero, 131, 207-230, https://doi.org/10.2170/bolgeomin.131.2.001

e Weedon, G.P., Page, K.N., and Jenkyns, H.C., 2019. Cyclostratigraphy, stratigraphic gaps and the
duration of the Hettangian (Jurassic): insights from the Blue Lias Formation of Southern Britain.
Geol. Mag. 156, 1469-1509, https://doi.org/10.1017/S0016756818000808

#4E Spectral Moments:

e Sinnesael, M., Zivanovic, M., De Vleeschouwer, D., Claeys, P., 2018. Spectral Moments in
Cyclostratigraphy: Advantages and Disadvantages compared to more classic Approaches.
Paleoceanography and Paleoclimatology 33, 493-510. https://doi.org/10.1029/2017PA003293.

TimeOpt/eTimeOpt:

e Meyers, S.R., 2015. The evaluation of eccentricity-related amplitude modulation and bundling in
paleoclimate data: An inverse approach for astrochronologic testing and time scale optimization.
Paleoceanography, 30, https://doi.org/10.1002/2015PA002850

Undatable:

e Lougheed, B.C., Obrochta, S., 2019. A Rapid, Deterministic Age-Depth Modeling Routine for
Geological Sequences With Inherent Depth Uncertainty. Paleoceanography and Paleoclimatology
34, 122-133. https://doi.org/10.1029/2018PA003457.

/NB 4T Wavelet analysis:

e Torrence, C., Compo, G.P., 1998. A practical guide to wavelet analysis. Bulletin of the American
Meteorological Society, 79, 61-78, https://doi.org/10.1175/1520-
0477(1998)079<0061:APGTWA>2.0.CO;2.

/N R T B R AT X /N AR 4B Wavelet coherence and cross wavelet transform:

o Grinsted, A., Moore, J. C., Jevrejeva, S., 2004, Application of the cross wavelet transform and
wavelet coherence to geophysical time series, Nonlinear Processes in Geophysics, 11, 561566.

R FRBRTTZE Astronomical solutions:
Berger & Loutre 1991

Berger, A., Loutre, M.-F., 1991. Insolation values for the climate of the last 10 million years. Quaternary
Science Reviews 10, 297-317.

La2004

Laskar, J., Robutel, P., Joutel, F., Gastineau, M., Correia, A.C.M., Levrard, B., 2004. A long-term

numerical solution for the insolation quantities of the Earth. Astronomy & Astrophysics, 428, 261-285,
https://doi.org/10.1051/0004-6361:20041335.

La2010

Laskar, J., Fienga, A., Gastineau, M., Manche, H., 2011. La2010: a new orbital solution for the long-term
motion of the Earth. Astronomy & Astrophysics, 532. https://doi.org/10.1051/0004-6361/201116836.

e calculation method presented in
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Wu, H., Zhang, S., Jiang, G., Hinnov, L., Yang, T., Li, H., Wan, X., Wang, C., 2013. Astrochronology of

the Early Turonian-Early Campanian terrestrial succession in the Songliao Basin, northeastern China and
its implication for long-period behavior of the Solar System. Palaeogeography, Palaeoclimatology,
Palaeoecology 385, 55-70, https://doi.org/10.1016/j.palae0.2012.09.004.

Waltham2015

Waltham, D., 2015. Milankovitch period uncertainties and their impact on cyclostratigraphy. Journal of
Sedimentary Research 85(8): 990-998. https://doi.org/10.2110/jsr.2015.66.

ZB2017

Zeebe, R.E., 2017. Numerical solutions for the orbital motion of the Solar System over the past 100 Myr:
limits and new results. The Astronomical Journal, 154, 193, https://doi.org/10.3847/1538-3881/aa8cce
ZB18a

Zeebe, R.E., Lourens, L.J., 2019. Solar System chaos and the Paleocene—Eocene boundary age
constrained by geology and astronomy, Science, 365, 926-929, https://doi.org/10.1126/science.aax0612.
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3. B

3.1 RGEER

ZAELE MatLab 2020b fRAH K. [FBF7E Big Sur (11.1) FMonterey (12.0)
LK Windows 7411093847 T IR

RFISLIRAK] Acycle:

* JMSLARARY Acycle REEE Runtime, MASE MatLab.

* MatLab Runtime & MATLAB.

* MatLab Runtime 58,

* &f# F MatLab Runtime 2020b; FAARAHIRuntime R BETETE TIE.
* I RIEE 2% MatLab 2020b, MatLab Runtime 2020b i ELZ22%.

[1. MatLab fiRAs]:

ZIRAE T Mac OS AT Windows. MatLab J& Acycle I F& . FEMFC
2222 7 B A A MatLab T EAH (S 1.3.3.17%) .

[2. Mac iR A]:

ARSI TR . WIRAE Mac F%H % MatLab, 54 MatLab Runtime
2020b XT?Z£4W$ Acycle fjiz17 2+ b ER . S0 3.4..
A HABARAH MatLab Runtimed] 833 Acycle Bt IE# TAE!

AcycleX.X-Mac-green

A RELE.

K/h: ~30 Mb.

MatLab Runtime 2020b Jf A G & A et d, "L LT WAk T 2.

https://www.mathworks.com/products/compiler/matlab-runtime.htmi.
[3. Windows fixA]:
AN AR ST . H O AE Windows 10 FiE47 1 it
AcycleX. X-Win-green
K/ph: ~30 Mb.
IR SR RN A %2 %% Matlab 2020b, 84 % 3% f#] MatLab Runtime R2020b X - 437k

A Acycle A&+ 73 LB .
Bk, HAMMRA R MatLab Runtimem] G S8 Acycle TLiEIEH TAE!
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3.2 & Acycle 34

Al ML P3G R 2 Acycle:

Dropbox (https://www.dropbox.com/sh/t53vjs539gmixnm/AACOBgTROUSxghKwuVcllwbma?di=0),
OneDrive (https:/1drv.ms/u/s! AuOnvtrY8aRzhG17NCoXG14e0QVIS),

Baidu Cloud (https:/pan.baidu.com/s/14-xRzV_-BBrE6XfyR_71Nw), or

MatLab fitZs:
GitHub (https://github.com/mingsongli/acycle/),

& C (Y @& github.com/mingsongli/acycle w B » a

O Search or jump to... Pull requests Issues Marketplace Explore

B mingsongli/acycle ®Watch ~ 9 % Unstar 42 ¥ Fork 13
<> Code Issues 15 ‘I Pull requests ») Actions Projects 1) Wiki Security [~ Insights
Step 1

¥ master ~ # 2branches © 10 tags Go to file Add file ~ About b

Acycle: Time-series analysis

( ;\ mingsongli 'lead-lag debug' - BJ Clone ® software for research and
HTTPS SSH GitHub CLI education
code lead-lag debug ; n : o
git@github.com:mingsongli/acycle.git (| C’ acycle.org/
data/Examples .DS_Store banisht  Use a password-protected SSH key.
macos matlab
doc lead-lag debug I series-analysis
() Open with GitHub Desktop
% .gitignore merge with Meng / Step 2 spectral-analysis
correlation-coefficient
[ README.md wavelet updatem [3) Download ZIP
B acm acycle 2.2 8 months ago 0 Readme

-13 -
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3.3 MatLab fx 4~
33.1THAA

NI Acycle v2.4F /& ZION THAKEEIIR, ENEIKIMATLAB %ikixit
THA, DORIER TR,

'Signal Processing Toolbox'

'Statistics and Machine Learning Toolbox'
'Image Processing Toolbox'

'Fuzzy Logic Toolbox'

'Curve Fitting Toolbox'

'Parallel Computing Toolbox'

'MATLAB Parallel Server'

'Polyspace Bug Finder'

'Wavelet Toolbox'

3.3.2 &k
Acycle AL B 546 H 3, o %3,
3.3.3 830

$B1. 53 MatLab.
SI,2: % MatLab 1) TAE B ¥ SCA Acycle Fir e 5.
fEmr DL s A 1 B B bR B A LR AE R T A 2 BN .

FiLL

Ea |
E P '.E 32| 1 /Users /mingsongli/git/acycle
Current Folder ™
E Name & Git
» [ code
» W data
» [ doc
#ac.m 9]
= README.md ]

BR|,3: 1847 acm.
J7i%1: fEMatLab (4% ¥ ac, 2AJE#% T~ [ % Enter 8.
Jii52: A ac.m SCHFFFIERE Run.

— VIR 2 |

FILE
<2 = 5 & [/ » Users » mingsongli » git » acycle »

Current Folder ® Command Window
E Name & Git -
» | | code - o>
» | | data - Op’uon ']
» B doc .
= o)
- Open . #l
= READMEmd Op Option 2

Eiii iiitail':
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3.3.4 Git TEERF %
[Bimk A 15 etk ]

HHEL: X FEGit” I w#E:  https:/lgit-scm.com/downloads .

HEHE2: #FmacOS F7#7 7 Terminal 267 Windows F77 7 Git Bash. Z w4 & L#A
“cd” JF H R R ZE (7T Acycle , A5 14 T Enter #.
3 2 @ GitHub — -bash — 80x24

Last login: Sun Mar 15 18:58:32 on ttys@0@

The default interactive shell is now zsh.
To update your account to use zsh, please run ‘chsh -s /bin/zsh".

For more details, please visit https://support.apple.com/kb/HT208050.
[Mengs-MacBook-Pro:~ mengwang$ cd documents/github
Mengs—-MacBook-Pro:github mengwang$ I

I3 A
git clone https://github.com/mingsongli/acycle.git

e
git clone -b v2.1.1 https://github.com/mingsongli/acycle.git

T4 B 14508 FE 17 5 5 T 225 B A H R, X E 15171742 Acycle /9 dev 7%,

B GitHub — -bash — 80x24
Last login: Sun Mar 15 21:48:39 on ttys000

The default interactive shell is now zsh.

To update your account to use zsh, please run ‘chsh -s /bin/zsh".

For more details, please visit https://support.apple.com/kb/HT208050.
[Menas—-MacBook-Pro:~ menawana$ cd documents/aithub

Mengs—-MacBook-Pro:github mengwang$ git clone -b v2.1.1 https://github.com/mingso|

ngli/acycle.git

Cloning into 'acycle'...

remote: Enumerating objects: 106, done.

remote: Counting objects: 100% (106/106), done.

remote: Compressing objects: 100% (75/75), done.

remote: Total 2332 (delta 55), reused 68 (delta 29), pack-reused 2226
Receiving objects: 100% (2332/2332), 253.41 MiB | 5.27 MiB/s, done.
Resolving deltas: 100% (1164/1164), done.

IR LRI, S BRI

cd acycle
L Enter #. ST
git pull
LI# 3 Acycle.
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®@ 00 " acycle — -bash — 80x29

|Mengs—MacBook—Pro:acycle—master mengwang$ cd acycle
Mengs—MacBook-Pro:acycle mengwangg_git pull
remote: Enumerating objects: 19, done.
remote: Counting objects: 100% (19/19), done.
remote: Compressing objects: 100% (14/14), done.
remote: Total 19 (delta 5), reused 11 (delta 4), pack-reused 0
Unpacking objects: 100% (19/19), done.
From github.com:mingsongli/acycle
9d71e3e..212ab4f v2.1.1 -> origin/v2.1.1
£88db7f..f429b45 dev -> origin/dev
Updating 9d71e3e..212ab4f
Fast-forward
code/guicode/AC. fig

Bin 57790 -> 58436 bytes

code/guicode/AC.m 11 +-
code/guicode/agescale.fig Bin 20302 -> 20301 bytes
code/guicode/agescale.m 6 +-

code/guicode/coherenceGUI.m 522 +++++++++++++++HHH+
code/misc/coherence_update.m 156 ++++++++++++
code/misc/datapreproc.m 49 ++++
code/package/coherence/cohac.m 84 +++++++
doc/Updatelog.txt | 2 +

10 files changed, 826 insertions(+), 4 deletions(-)
create mode 100644 code/guicode/coherenceGUI. fig
create mode 100644 code/guicode/coherenceGUI.m
create mode 100644 code/misc/coherence_update.m
create mode 100644 code/misc/datapreproc.m

create mode 100644 code/package/coherence/cohac.m

I
I
I
I
code/guicode/coherenceGUI.fig | Bin @ —-> 67885 bytes
I
|
I
I

-16 -
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3.4 Mac R4
341N 4A

IERRA ) Acycle & — MHSZHIFET . LR ERA T H -
Section 3.4.2 AcycleX.X-Mac-green

3.4.2 AcycleX.X-Mac-green

3.4.2.1 % AcycleX.X-Mac-green (See section 3.2).

3.4.2.2 %2 %¢ MatLab Runtime

IR (EAL T “MATLAB_Runtime_R2020b_Update_5_maci64.dmg.zip” :
https://www.mathworks.com/products/compiler/matlab-runtime.html

i HABARA FIRuntime ] 88 58 Acycle B TAE!

HE2. & T mac OS. Wk R W GHESCEE (TR -
B AR R PR BN N A . R SO Yed, XU “InstallForMacOSX”, R )5
EA il R 2B A] . 1B4E MatLab Runtime (R 2235300, B0k E 51 B2 Runtime .

Name

Name
¥ | I MCR_R2015b_maci64_installer
> B sys v [ Contents
» [ productdata » || CodeSignature
MCR_Ilcense.txt lnfopllst

» [ java ;
| 4\ installForMacosx | v [ MacOS

M install [ InstallForMacOSX
> [ bi -

- on » |l Resources
» [ archives

WIE3: W E Runtime 8175 (ATREAT B D . #4 W Box 1)

-17 -
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Box 1 [#fa[ % B MatLab Runtime i247#3% DYLD_LIBRARY_PATH?]

X BEEAMRIFZ %, 3k H Walter Roberson on 14 Jan 2016.
https://www.mathworks.com/matlabcentral/answers/263824-mcr-with-mac-and-environment-variable
LR FEANL RN R (LT /Applications/Utilities )

YIELuman P EO, W

ls ~/.bashrc

MR R RXERTFE, BAELimmLEH, A
touch ~/.bashrc
IR TAE, 7] PL2R

nano ~/.bashrc

QUESCfF. IR e, EBIECAEE e, MAELmE H e

open ~/.bashrc

FFEFTIF TextEdit.. 7£ TextEdit o, B0 LLASINAN N s 9452 2R -

export

DYLD LIBRARY PATH=/Applications/MATLAB/MATLAB Runtime/v96/runtime/
ma

ci64:/Applications/MATLAB/MATLAB Runtime/v96/sys/os/maci64:/Applic
at

ions/MATLAB/MATLAB Runtime/v96/bin/maci64:/Applications/MATLAB/MAT
LA B _Runtime/v96/extern/bin/maci64

sk mT LI TextEdit File SRRSO T o

I RARE) SHELL 87K cshBi tesh, BUATEHMUETIE T,
ST LI G- A RO A5 8

ls ~/.cshrc

MEIFFARLFIE, "touch ~/.cshrc", —HIHAFTE "open ~/.cshrc", SRETE TextEdit
HOIN AR BA R 4R A —A1 T,

setenv DYLD LIBRARY PATH

=/Applications/MATLAB/MATLAB Runtime/v96/runtime/maci64:/Applicati
on

s/MATLAB/MATLAB Runtime/v96/sys/os/maci64:/Applications/MATLAB/MAT
LA

B Runtime/v96/bin/maci64:/Applications/MATLAB/MATLAB Runtime/v96/e
xt ern/bin/maci64
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3.4.2.3 J3 3l AcycleX.X-Mac-green
FB—KAS)H N FLLR LI -4, 2550, HALIEAE 7ZH

PRL: HE AcycleX. X-Mac SCEFHEE] /Applications SCHF R .

WIR2: #EN “/Applications” SCAFIE . A FHE “AcycleX. X-Mac” X, EFF
“Show Package Content” PAIi 78 P 25 .

doc MacO0S
T Resources (I [. Acycle 2.7 launcher ] (]
.. Info.plist (] @ prelaunch o

WIR3: 3t “/Contents/MacOS” A3, 4 “Acycle Launcher” X fF#6% dock

U4, 5 dock FHF) “Acycle Launcher” 4%, PUEZ) Acycle 4
Acycle 2.7 launcher

® [ ] mingsongli — Acycle 2.7 launcher — Acycle — BOx24

Warning: Golumn he ﬂ 6 f lh fl were modified to make lh ldH*TMB id| File Edit Plot BasicSeries Math Timeseries Help
ann ore cr arial s for th Teble. The ginal column head

in the v s property. -
sel ‘variableNasingRu le xo "preserve’ w se lne original column headers as tab 4 date descend < unit <
le variable names. z =

IUsers/mingsongll/Desktop/data/ace

beacod txt
Example-WayaoCamianGRO.txt
Kimmeridge-Clay-PEF txt
607-c1BO.0t

musn d180-48-11 2m.bxt

1010T084740.dat
mmnll-wﬁoam\m swa Spectrum-Chi ECL 20231010T084740.dat
310107084740 dat

607-5180-rsp0.15-linear.txt
odp677-d180-48-112m-rsp0.1-lin
Example-WayaoCam|anGR0- rsuos?a Ur\w 80- I.OWESSM
t

Exarnple WayaoCamianGRO.rsp0 33 linear bt
Spectrum-SWA-background-FOR-ODPE77-d180.dat

TER: %ﬂk‘”" Eeii® (Z110-6080) . 4iid)E MIFER 2% MatLab
Runtime F, 152005 &R (5 6, I BRI naive 4Ty,
@¢=IWE%TEMEA*%ﬁ%%u%mﬁ@MDQ
4% Acycle I, GEARNESCHLHE 0 CFEAATTD , %S
EZ Acycle KMo

C)
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3.5 Windows ik 24~
3.5.1 4

ZRA ) Acycle & —MHSZIFET . DL RRAS AT fHik £
3.5.2 AcycleX. X-Win-green
3.5.2.1 F#; AcycleX.X-Win-green ([ 3.2) ; FHRIE .

3.5.2.2 %2%% MatLab Runtime 2020b
https://www.mathworks.com/products/compiler/matlab-runtime.html

g HARRA R Runtimer] 88 FB(Acycle Lk TIE !
3.5.2.3 X7 “Acycle.exe” 1T Acycle.

3.5.2.4 BUfE, BHEARHTH KM TH (50 HHON R IEEIT e TAR RS2
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3.6 FHEER

Y Va1

el P 5 BN AT DL 2 g 3, BRIE S . R4 B A% 7 B 1) SCA ST
i (rixt) B excel RAYHLF R M A E 50 fRAESCIF (*

Bl @ W A E M INE . 35— SR D AR TR P BRI 8], 58 21 2 AH S R AR

/Users/mingsongli/Dropbox/Acycle/test

CsV) o

R ORAE I IEA A 50 SR B ER S 1R DA AR 5 o AR 20k Bt () B

NI AR

PULARANHIEHANF ZIFHIEAGIE AR Lz 40, il PP T BT

SHIE K

W FE “Basic Series” 4 0 Examples O £ £ & 20455, K15 X 1F

o0
File Edit Plot BEESENIEEN Math Timeseries
Insolation ®1
J Astronomical Solution 82

Length-of-day & Day-of-year
/Usersim  Sjgnal/Noise Generator %83

LRO4 Stack #4
Example-WayaoCarr i
Example- WeycoCar P S
Example-WayaoCart i anu=1spu.ooo4 1 .Ut 3
Example-WayaoCarnianGRO.txt

Trecurrence-sue-CSA.txt

Trecurrence-sue.txt

Trecurrence.txt
Example-LateTriassicNewarkDepthRank-700-LOWESS.txt
Example-LateTriassicNewarkDepthRank-700-LOWESStrend.txt
extinction-CSA.txt

La2004-1E1T-1P-1-100.txt
Example-LateTriassicNewarkDepthRank.txt
Example-PlotDigitizer.jpg

extinction.txt

101621426776_.pic_hd-gray-profile-mm-Linear-Gau-1.5+0.3.txt

101621426776 _.pic_hd-gray-profile-mm-Linear-Gau-0.15:0.04.t>
101621426776 _.pic_hd-gray-profile-mm-Linear-Gau-0.2+0.08.txt
101621426776 .oic hd-arav-orofile-mm-Linear.txt |

Acycle v2.3
Help

-

Insolation 0-2Ma 65N Jun22
La2004 0-2Ma ETP

Red Noise rho=0.7 2000 points

PETM Svalbard logFe

Late Triassic Newark Depth Rank

Late Triassic Wayao gamma ray
Middle Triassic Guandao2 gamma ray

Image from Mars' HiRISE camera
Image for Plot Digitizer

£ date descend unit 2]
h

| _Mauna Loa CO2 monthly mean |

Wl RAFAE AR Haerb e GUISHIEN R Ros BT Bdia Sk AN SCE
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4. Acycle BIJER P S E (GUD

Up Open

one  working Plot Refresh  Mini Version $ort unit

level folder ~ Pro listbox  robot list box pop-up menu

f aoe Acycle v2.4 A
Menu bar —® File Edit  Plot BasicSeries Math Timeseries Help

a © @ a @
Toolbar —@ = date descend B unit (&)
Qhange —o /Users/mingsongli/Desktop/acycle/testwave ®— Address line
directory
Example-Insol-t-0-2000ka-day-80-lat-65-meandaily-La04.txt
. Example-WayaoCarnianGRO . txt

LlSt box _. ThislsAFolder e} Folder

CalMi_-10_250-Ma-step_10.txt

La2004-0.5E3T4P-1000-3000-rsp0.5-weoh-weoh.txt

La2004-0.5E3T4P-1000-3000-rsp0.5-weoh-wes.txt .
La2004-0.5E3T4P-1000-3000-rsp0.5-wcoh.fig ®— Data files
Example-Insol-t-0-2000ka-day-80-lat-65-meandaily-La04-sue.txt
LR04_Stack_0_2000ka-rsp1-1000-LOWESS.txt

LR04_Stack_0_2000ka-rsp1-1000-LOWESStrend.txt

CalMi_0_250-Ma-step_10.txt

LRO4_Stack_0_2000ka-rsp1-wavelet-power.txt

LR04_Stack_0_2000ka-rsp1-wavelet-siglev5.txt

La2004-0.5E3T4P-1000-3000-rsp0.5.txt

La2004-0.5E3T4P-1000-3000.txt

LR04_Stack_1000_3000ka-rsp0.5.txt

LRO4_Stack_1000_3000ka.txt

LRD4_Stack_0_2000ka-rsp1.txt

LRO4_Stack_0_2000ka.txt

La2004-0.5E1T3P-0-2000.txt

.DS_Store

Example-WayaoCarnianGRO-rsp0.33.txt

Acycle BEIJEFH 7 7t (GUD

o0e Acycle 2.7
Xt RE KRB BEFFI BEFE WEFH EE

4 A Lo ELEY B it B8 ex
TlE o
/Users/mingsongli/Desktop/data/la04
becaco3.txt
Example-WayaoCarnianGRO.txt
Kimmeridge-Clay-PEF.txt
607-d180.txt
v T N
HC B A (GUD
[ ] [ ] Acycle 2.7
7 WE TJovk EFEFI O B¥ BRI ALY
\ = 7~ S unit B

7ow k70
/Users/mingsongli/Desktop/data/la04

beaco3.txt
Example-WayaoCarnianGRO.txt
Kimmeridge-Clay-PEF.txt
607-d180.txt

HCEIEH - i (GUD
4.1 Thee X S
Acycle G35 LT JLI 22 TR
SCHE
RS

B A H OO
-22 -
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{#77 (*.AC.fig) ft;

FIFF AR
M HE S

S

il 3%«

Hig s

B9,

=L

R

s

B3zl

A

#KlPro;

FE Adv;

F bR AELL
B+ 2;
B 3 A
e
HAKFP3

H &,
RIIRRTT R
KZREATTHR A
(EL L% T
LRO4 #%;
CENOGRID;
S (— RPVEARE A EEO
H#

HEF 2 = A
G

fi{EPro;

Fr B4 ;
MR ME
GIFEA;
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Fr 3 AH R
B T e e 5
LERH
ENGALELIER
Y
3w
PRAELL

F T T 5
Xof AR
T

i B R A

T RA A/ IMA];
K& TR REE, RGBHIKL,

K24
i 18] 51

EN =Bl EeR PR
SHIRIB A, WP, mirrE, EshE]

FEAL

RETE 24T 5

AEE M (SWA);

AL BETE 24T+
NPT

52 Je RE 1 73-Hr 5
TS AL
i Je A% 23 A 5
TEL s

BN TR s
PRI 1 1
SN AR Y

DR R B iR Y

Undatable;

CREINEA R

HUEA L
LRSS 1T

RGB#CIE Lab; E1&F%1];

=24 -
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YO R (DYNOT: p1 1)

R Z %L (COCO/COCO) ;
TimeOpt;
eTimeOpt;
Spectral Moments
8
SCARE F 1R
L
NEVAECEE
RIHT IR
R B 5
HRARBAN

4.2 3T
MR

A1 FH 7 SCI ST A e 8 R 3 — N 10 25 S0
JH: 914 i B L) g ?
B G AT L R . B, w] DO RN T A 1 SO
=P
3R P e US4 B —ASB I 25 SO (atxt)

HafEf# [Mac]: 8+ N; [Windows]: CTRL + N
R-FE * AC.fig 34

TRA7 200 B h*.ac fig BIEISCAR . ESCAFESCHRE P TR [ T H gk b AT #4E

fan, 7Eigf75¢ eCOCO (EMWMKRED J5, H P wnFAETE H /54882 8 eCOCO 181745
o ATLLKEAE U B R ORA7 N * AC fig ST, mtnT DUE X * AC.fig SR 7R “ECOCO
plot” (1) 45
REEE 5

M2 BHCE SO BT = 251 B

REEE — A BVEAR SO, IS PR 58 A S = F s, JF HAmixXm
G AT N — B SO . X ASET B SO AT BAFE Bl Acycle A B A& (1) 54 -

RAE, AT LG EX AN SCA SR, B File — Extract Data, 767 H & L1 g A 213,
& Acycle (1) 3= FTH A B B AN B AR B SCAR ST
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4.3 HE
k]

il 3 S ik
HzEH# [Mac]: £+ R ; [Windows]: Ctrl + R

Hiwd

WeFE— AN, “H A 447D AE T LLSE SO SR A AR

B
i
RE
MR

4.4 HH

BAE

BTk EE B2 (Draw) K. AgE# [Mac]: 3£+ D ; [Windows]: Ctrl + D

#HBpro

B Fri Bt s ezl e B (BT ) o AR, dedfpeal. A

@ @

JI[W Edit Plot Basic Serie:
New Folder
New Text File #EN
Save *.AC.fig

Open Working Directory

Extract Data

MY Basic Series Math

Plot #¥D
Plot Pro #P
Plot Standardized

Plot Standardized + 2
Plot Swap Axis

Stairs

Sampling Rate
Data Distribution

b & DL AR S RO AT IS 2. AegE £ [Mac]: #8+ P; [Windows]: Ctrl + P

- 26 -

HFERE



Acycle v2.7

5 4E
M FER
[ ] [ ] Acycle: Plot Pro
Read Data for panel(s)
All panels 31 Set panels 3 o Data file Example-Sphalerite-Lab-profile.txt (2]
x 1 y 4 Set data Example-Sphalerite-Lab-profile.txt 4 a8
Title/Legend/Font Line spec
Title Line plot line a8
datal
Legend Legend Box Line style a
Fontname  Arial [ Font size 12 Line width 1 a
Font weight Font angle _
© normal bold © normal italic Line color
X&Y label/axis/limit/scale ~Marker spec
" ~Show marker face
Xlabel Depth (m) ¥ label o © Yes No
Show marker edge
X limit 0 699.0801 ¥ limit 1 84 Yes O No
X tick label ¥ tick label Style o ]
X minor tick ¥ minor tick Grid Swap X-Y 0
O on off O on off Qon  off O off on Size
X direction Y direction B N
© normal reverse © normal reverse Aphasowe [ ]
e e I [ |
© Lnear Leg © Linear Log
A
[ N ] Acycle: Plot Pro Preview
File Edit View Insert Tools Desktop Window Help b

Dede @ 0EBE K[E

Example Sphalerite Lab profile

1 1
400 600

o M o (1Rl AR
MW

Depth (m)

#HE Adv

B pride St i g en il Je . CEDE S ) .

AR

400
Depth (m)

300 600

R AT ARE S BRI L 2R S Abmic e o, I
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oo e Acycle: Plot Advance
Data Example-WayaoCarnianGRO.txt kal
Plot Type Line e
Line - 1.0 Color -
® «» © EmEI
- I
Click to set Y (or X) axis
X label Y label Title
unit value Example-WayaoCarnianGRO “

Marker:

Axis: 686.06

none B

oo B I

3235.79

— Ml

File Edit View Insert Tools Desktop Window Help ~

Dédde @ 0B 3

Example Wayao Camian GR [ ]
3 —

Data
Plot Type

Line

Depth (m)

Xlabel
-120 |

Depth (m)

-140

-160 R,

3000 2500 2000 1500 1000

Acycle: Plot Advance

Example-WayaoCamianGRO.txt =
Line e
1.0 B color -
: o o E
¥ label Title
GR Example Wayao Camian GR “

3 ~

Acycle(v2.1-2.4) ZHFH XM YABER IR LU R bR T 1554

BB PRl

Refm b AL Jm 2z s B o 3@ T BB R DA i -

B E pniEh+2
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KBRS, R IT 2 m B . 1 Tt 4] L UL B EdE

PRI 7R P Bl 28— 51 (R TRIAR L) B3 A
Uil

P R BT A 58 =81 CBUED 1o A

FEE R

F4 IS ) 51 e oMy 75 S A
(] ® Sound

Repeat series: # times
b

Sample rate: 8192 x ?
1

Remove mean (1 = yes; 0 = no)
1

D o

s EFE—ANI AT S B SO, filhn,  “odp677-d180-48-112m.txt”s
ool C4 - HHORE ST
s BMORE, SEEE .

s RN & . W] LAZEAcycle £ B H R B — AN SO “odp677-d180-48-
m_rep-5-rate-8192.wav”.

Qe Q=
N

~

TN
]
w

N ¢
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4.5 A3

HEE

ZINEERIH Z R R S ECK TR HIRE, JT Jonathan Levine T-20014E4% 5 ff) MatLab Jil
A insolationnjl.m (ZE[EFL/R G4 K%, https://www.colgate.edu/about/directory/jlevine) , J&3k
¥ Peter Huybers (M5 K 2%) DL K lan Eisenman (hnM K2 E MW & 08D BSAH
daily_insolation.m Chttps://eisenman-group.github.io/daily insolation.m ) , i B 2= BH ¥ 4 45 7E
Acycle B,

K7y Laskar KR 65 56 KB #:0-249000 T4, T AR AT 234/ 1249000 T4 1) H I 41 o

FEN: WIRHGERIZTE — il 5, AT A2 Fl] Acycle HHE&E KSR G- E il
H. R Acycle 25102 FilIiE 17 (RIGEHE -

HEE# [Mac]: 38+1; [Windows]: Ctrl+1

CERIREN Math  Timeseries

Insolation #1
Astronomical Solution 32
Milankovitch Calculator

Signal/Noise Generator 383

LRO4 Stack 4
Examples >
N ) Acycle: Insolation
Insolation Type Astronomical Solution
© Daily Mean Laskar etal. 2004
Time Scale
Choose the starting and final time:
from 1 step
to 1000 time unit  kyr

The series willhave 1001  points

Insolation parameters

Solarconstant 1365 W/m*2 (@) Mean daily Max daily
Starting day 80 ordate March 21
Ending day 266  ordate Septem... £ 23 ¢
Latitude
© single latitude from g5 degree (N>0, S<0)
Latitude range to 80 step 1
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® 00 Figure 1
File Edit View Insert Tools Desktop Window Help
NEEdL M AAUDEL- G 0E aD >
210 . _Insol-t-1-1000ka-day-80-lat-65-meandaily-La04 .
< 200 |- |
E
5190-
% 180 |-
2170-
160 -

100 200 300 @nséczka)sao 700 800 900 1000
L me

L TE SR R La2004 A7 77 24 1% 771-1000 7-4E3 /721 [ 7] 7265°N #9-F-1£57 [ HE /5 51
(A 5 2 71365wim?2)

Age (ka) =18

75

80 100 120 140 160 180 200 220
Day

&/ Laskar Z5EA (2004 4E) HofEH 7%, FE450-80/& 47 2100 (1-100) F4£3 21 H £9 /23
HETHIFE HAGE . i 58 19 B 40 41365 wim ~ 2. Y& P
https://github.com/mingsongli/acycleFig/blob/master/chapter4/Insol-t-1-100ka-day-80-264-lat-50-80-
meandaily-La04.gif
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RIXFEHRTT 5

—/NA] BAAE RS Laskar et al. (2004), Laskar et al. (2011), Zeebe (2017), PAX (Zeebe
and Lourens, 2019) K SR T RGBS . H4ES# [Mac]: £+ 2; [Windows]: Ctrl+2

) @ Acycle: Astronomical Solutions
Astronomical Time Interval ETP weight
La2004 From 1 k.a. Eccentricit
Tot2 1000 k.a. N 1
Astronomical Obliquity

Laskar, J., Robutel, P., Joutel, F., Gastineau, M., Correia, A.C.M., Levrard, B., 2004. A long-term
numerical solution for the insolation quantities of the Earth. Astronomy & Astrophysics 428,
261-285.

@ ® Figure 1
File Edit View Insert Tools Desktop Window Help
D_j Qj H \é k +'\ % f”:’l @ @ 4’{ - @) D E_E] a @ e

6 La2004-1E1T-1P-1-1000.txt
oy T T T T 7 L Ty T

T T T

Al Ly | EEPERPENN | PRI (A Ll ]
100 200 300 400 500 600 700 800 900 1000
Time (kyr)

1Z TSR IR La2004 fiF k772 (Laskar et al., 2004) 44k 71721 #1000 744 —1
B ITTEWEIFIETP /75 (A FIEH L. 1 F1-1 QIR EIER i 5 FZE R 20 0
A .

K TIDEAFAAD,  FIAcycle v2.1 FF451K €475 ZB18a fF i r 5, FHESF T ZBIT fEH#TT

7%' o ’%ZB ﬁ?’ty ﬂél]f 7%‘ ‘M : https://www.soest.hawaii.edu/oceanography/faculty/zeebe files/Astro.html

KRERgETHES
A Waltham(2015) A Laskar at al.(2004) B R SCHSRAR A RIS R SCS ) T HAR .

Waltham 201545 7 55 VA 15 e SRR A )6 [l AV T] 9 T 350 45 S 14 B ) B e 1) 2 471 0 K
XSH AR aREA RS (A 10004 8)  HERH CMED | HifE R
() Al Z M (kyr)  EREREI (kyr) FIES 2Z - (kyr) o 2458 AN
[B]FP A, XS H] DLE R — s %

La2004 FCVFfd HITIE SRS 1]y Bl A sk H S H S (LOD) FI4ER# (DOY)
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Time Series Model
Single Time
v Walham2015
© Time Series
Set tme
From

-10

Ma To 250

will caiculate length of day and days in a year: -10, 0, ..., 250 Ma

Reference

Acycle: Milankovitch Calculator

Y Va1

Waltham, D., 2015. JSR. dok: 10.2110/sr.2015.66; Laskar, J., et al., 2004, Astronomy & Astrophysics, 428: 261-285

REFIYEAr i SR

r

Figure 1: Acycle: Milankovitch Calculator | P...

File
cde O0E

) @® Milankovitch Calculator

£
385
8
- Earth-Moon Distance (x1000 km)
I 376.5966 +/- 4.351
§ 380
g Earth Day (hours)
[ 22,8764 +/- 0.6074
3 -
F Earth Axis Mean Obliquity (degrees) ® © @ Figure 3: Acycle: Lenght-of-day & Day-of-year...
3 22.6883 +/- 0.30627 File
2 €
s \
g23.4 £ Earth Axis Precession Period (kyr) dde 08
g g 23.3762 +/- 1.2379
z 22 5 is
g 5 § Main Obliquity Period (kyn) -
§ 35.5046 +/- 2.9081 g )
§ 228 § s e
2 26 PR Ciimatic Precession Periods #1 (ky) 3 ol
< 2 21.7051 +/- 1.0676 £
£ 224 €2 §2s|
S 0 100 200 g o 100 200 | *
i} Ciimatic Precession Periods #2 (kyr) "
B 20.6006 +/- 0.96813 50 o 5 10 150 200 250
E‘ 42 by 24 .
g 40 é 2 \ Climatic Precession Periods #3 (kyr) 400
5 o = 17.6619 +/- 0.75538
£a98 § B a0l
2 220 g 0 o
336 2 Climatic Precession Periods #4 (kyn) =
£ g B x 17.795 +/- 0.76679 Famo
& 9 1 2
£ T
L g1 Details in: Waltham, D., 2015. JSR. doi: 10.2110/sr.2015.66 B0 _ao®
0 100 200 g8 o 100 200 2
© N 14/01/Miz
Age (Ma’ AQB (MB) - lw—(i[l U 50 100 15.)0 200 250
B co Age (Ma)

VAL E#ﬁﬁ?ﬁf‘x‘ﬁﬁﬁv‘/ﬁﬁf@ﬁﬁfééjWaltham20157‘€j£ﬁé%”iﬂo 71/ 300 Ma £ Waltham2015 7 7/
AXZH. LA T La0s HK (LOD) FIEXE (DOY) HIFEZ, [EH T HiskE X HIHT ] A Ko

(L e

A5 FH P E LSS — B B P 0E SR AR — B B0ah AE A5 - AR 75 9 271 B 18] P 31 ) T R
FEMgEEAEAARE CRERD 2R, EXk RZED « AL,
HREEE [Mac]: F£+ 3; [Windows]: Ctrl+3

ZIA

A5 PP S SCH 2 T AR B Al — 2% il 2K
IE5ZB

I P e LR ZH0M R 5107 R AR AR 5%

Y = A *sin(2n / T * X + Ph) + bias
-33-
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AJIRIE, TR, X&— DAt 22 (IS E 58], REEEZE dt, Ph o9l EEAEAL,

. Ny = N
bias A& ‘T % -

[ N Figure 1

File Edit View Insert Tools Desktop Window Help ¥

Ddde h SO LA- 3 08 D

sineA1T100PhOBO.bxt

AVAVAVAVAVAVAVAVAYAY)

Depth (m)

UETRIATAE e — I RFEF AL ML EL000 47 IE 7% 0 TRIGAL, FTHIA100, H7 K155 iz
0.,

=Ly
1L BRI A FH P SCIR T S5E R AR A I 22 A2 LA TR 285 73 A1 BB B 70 A7 7 I 7
AN Yo
I BR ST R P 8 SRR bR 22 A0 [ AH G RV AL A (RHO-18a, MO
2D .
@00 Acycle: Signal Noise Generator
LROT9 0E ~
X axis: Y axis: 0 s y= 4 + A x +[ 1 |22 +[ 1 |8 + [ 7 |u
From 0 ROy + 1 x5 + 1 X6 + 1 X7 o+ 1 x18
. - © sine wave y= 1 *sin(X*2*pi/ 100 4+ 0 j, 0
step 1
Standard deviation !

08| 8 @
0.6
0.4 §

0.2

-0.2
-04
-0.6

-0.8

1. Bl X —FfE 5 B
ERF IO E R AE SO IR RS 1. IRE, ER AR IR R A T B A AR R A
BB WRAE Acycle FRIEFE T MRS, HIPORE R R B

fi4n,
WIRL: {E Acycle =5, #Ff“Basic Series” — “Examples” — “Example- WayaoCarnianGRO.txt”.
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WIR2: R A SO “Example-WayaoCarnianGRO.txt”, #A J5 Hiii“Basic Series” —
“Signal/Noise Generator”.

I3 BEF“Sine Wave”, K H W E K50m. 7E<Acycle: {55, MmN KN &R
RN IESLY

HIRA: Hdi<Save Data”. — N IESZIEE SR R AT IF 7R TE Acycle & HH,

© sine wave y= 1 *sin(X*2*pi/ 50 +| 0 )4+ O

2. P XM —FE SRS
R I R AR R AR B — SR SR B M . i,

WIRL: {E Acycle 74, HUHIEBATA SO
WIR2: Hi“Basic Series” — “Signal/NoiseGenerator” .

I3 % H X HhAMOZES500[H fE 1. Hiii“Red Noise”, HJEH I N5, a=0.5.
fE“Acycle: 155 . M A RRS I T i< on 40,

A WA Hiidi“Save Data”. — /N IESZBEIE SCAFRAR IR A7 IF B 1E Acycle T A

[ ] @ Acycle: Signal Noise Generator
“SO®E0EA ~
X axis: ¥ axis: o ~ ym o 5 oo iz s 3 s e
From 0 - Polynominl : + X5 & XE o+ X7 + a8
s o0 " Sine wave y=| 1 |*sin(X*2°pi/ | 109 4 0 4| ©
step 1 .
° :::em;: maan o Standard deviation 1 a= 0.5
2 | 7, . .
& 9 ® oT ‘b?‘% OT T §1? ‘ @ ol T
I 14 ERE 8 aEsse allsb 15T 4 dog
nﬁ%@' BE HEL T " )
~ e T T ﬁ%ﬁi fﬁ“@ W 10 si%lfﬁ?«‘»‘??f%%‘%m i
! (Lj,f’ a8y A 480D ﬁg J,ggﬁ ° ‘zﬂﬁp‘%i ik
- s 4’;4, : " AN B
_3 ' ° |

EHFRZFE (p) 0.5, lag MAATZIE A B HEKE 1 TIR/FH.

LRO4 #%

ZEREAT DL N o - St A AR ) 00 Al s 4R Bl LRO4 A& (Lisiecki and
Raymo, 2005) . #ARfE] CF) RAE0AI5320 (F4) Z [,

HRE [Mac]: £+ 4; [Windows]: Ctrl + 4
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" e Figure 1
File Edit View Insert Tools Desktop Window Help >
DEede h A0 LA- S 0E o @

55 LR04 Stack: 0-3000 ka
. T T

@® | ® LRO4 stack: Plio-Pleistocene d180_ben) o6
Start Age in k.a. (>= 0): S as
0 g A |
End Age in k.a. (<= 5320): g 35 \
5320 af
OK Cancel 2‘50 500 1000 1500 2600 2500 3000
i Time (kyr)
1Z ISR B4 /%0 #3000 -4/ LROA #£.
CENOGRID

LRI E 1 B A AR ER S A FL R A R =24 42 (CENOGRID (Westerhold
N, 2020) .

i ElE
Example-cenogrid-d13c.txt - carbon isotope
Example-cenogrid-d18o.txt - oxygen isotope
4
I R ESCHE 25 Bl B B0 ST T BB AR SO SR I s B . S s A

Mauna Loa CO2 monthly mean
Insolation 0-2Ma 65N Jun22
La2004 0-2Ma ETP

Red Noise rho=0.7 2000 points

PETM Svalbard logFe

Late Triassic Newark Depth Rank
Late Triassic Wayao gamma ray
Middle Triassic Guandao2 GR

Image from Mars' HiRISE camera
Image for Plot Digitizer

(1) Mauna Loaiiz A 35 CO2:

A B A5 19584 £ 20184 B R ST W R SCH 1 AR IR (A8
B .

BN FEIFRAFN: “Example-Launaloa-Hawaii-CO2-monthly-mean. txt”.
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2. https://www.esrl.noaa.gov/gmd/ccqg/trends/data.html

@ ® Figure 1
File Edit View Insert Tools Desktop Window Help k]
Ddde b KRT9EA- 2 0E @

Example-LaunalLoa-Hawaii-CO2-monthly-mean.ixt

AV

£E8858

pCO, (ppm)

w
n
o

300 ) .l 1 | 1 1 |
1950 1960 1970 1980 1990 2000 2010 2020

(2) 65 22H db4565° H FR & 0-2Ma:

U B EE I 22200 75 4 T BEAE6 ] 22 11 L £665° (1 [ A 5 B a1 ] [a] B oA 1 T4
PG FEIFEE N “Example-Insol-t-0-2000ka-day-80-lat-65-meandaily- La04.txt”
(3) La2004 0-2Ma ETP:

AR T 2520077 4:La2004 (Laskar et al., 2004) HIETP (D3R, R %)
BE, I IE ) A LT

IR FEOF R N: “Example-La2004-1E.5T-1P-0-2000.txt”

(4) LM Erho=0.7, 20004%:

A AL B FE 5 20004 i d: A AL A I IRD R B, laghl, E AR RECNO.T,
ZEPR Y IR N: “Example-Rednoise0.7-2000.txt”

(5) L /REEPETM logFe:

TR R A HE 0 PL R TR B ot B - A6 T AR A SR I Bk AU B B (Charles et

al., 2011> .
BRI R/ N: “Example-SvalbardPETM-logFe.txt”.
®°0 Figure 1
File Edit View Insert Tools Desktop Window Help ¥

DEade h AKAOPEA- 3 08B O

Example-SvalbardPETM-logFe.txt

o
T

: O TN T 1'1"'
§,4.6»‘|‘J A il 1‘ ;‘“ \ I Il l ‘\u |f T .lﬂ i
|V | -» 4 "' [

4;0 460 4é0 5(I)0 51‘0 5é0 5:‘30 54IO 55l0 560
Depth (m)

(6) AR e =BIFEFF:

% B 6155 26 [ Newark 2 i e = S YR FE £ 41 (Olsen and Kent, 1996)
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VW ati=1z7
ZHHEEM NI RTEN: “Example-LateTriassicNewarkDepthRank.txt” .
[ NON Figure 1
File Edit View Insert Tools Desktop Window Help E
Nadde h KAOPDLRA- 2 0E a @
5 . __Example-LateTriassicNewarkDepthRank.txt .
4+ i
-
Gal |
oc
1}
M._....Jllu.u Nk .I.Luu.' oL LA .,.‘ LAY ]l all AL LI I i ‘ Al
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Depth (m)
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(7) REBR =88 AMIF5:
ZHARE BN =25 (P-REHD AR M S S 2874 (Zhang et al., 2015) .
AR NI RN “Example-WayaoCarnianGRO.txt”,

@ @ Figure 1
File Edit View Insert Tools Desktop Window Help ™

D de B ARRAVDEMN- @ 0E @

Example-WayaoCarnianGRO.txt

TS T - TR R USSR SRR TR ST WY (N TN SO TR S SN S S S | I T T T | I —t - B PR
-180 -160 -140 -120 -100 -80 -60 -40 -20 0
Depth (m)

(8) RE2H =B HRM L 75
AR AR ER T =B G ) RN S & 751 (Lietal., 2018b) .
ZEAEEM TR A “Example-Guandao2AnisianGR.txt”,

@® @ Figure 1
File Edit View Insert Tools Desktop Window Help >

Ddde K &SRO Wi @ OB =mOd

Example-Guandao2AnisianGR.txt

8000 -

6000 |-

4000 |-

2000

o L 1 PR 1 i 1 1 L 1 J
0 50 100 150 200 250 300

Depth (m)

(9) X EHIRISER /i Image from Mars’ HiRISE camera:

ZHAR RS B KR HIRISE AL ENE .

ZBHREN NI N “Example-HiRISE-PSP_002733 1880 RED.jpg”-

27 https://www.uahirise.org/PSP_002878_1880

(10) INEEH B & Image Sphalerite:

BT ER “Hoy - BE - BB ThaeERg.

JEIRIFARAE— A% N:  “Example-Sphalerite jpg” i & SCAF

DREET A Ak B 55 ] g 0 e 22 1 87 7R Wi 4% B () West Hayden® 44 (Li and Barnes, 2019) .
(11) BB ALK E /4] Image for Plot Digitizer:

B35 H TR BB A0 D i) B

-39 -


https://www.uahirise.org/PSP_002878_1880

Acycle v2.7 HFER
ZHAE N NI RN “Example-PlotDigitizer.jpg” .

@® ( @ Figure 1: Example-HiRISE-PSP_002733_1... ® © @ Figure 1: Example-P...
File Edit View Inser Tool: Deskto Windoy Help F Ed Vi In: Tc Des Wir Ho ~

DSES h AAYDL- ~» DSES b £

.

9) (11)

(12) Example extinction:
WE A EESCE, HTEER IR - RS Dhfg.
JERFERAF — 4N “Example-CSA-extinction.txt” [} SCA A

=40 -



Acycle v2.7

Vil ati-1:7]

4.6 B&¥

Timeseries Help

Sort/Unique/Delete-empty 38U

Interpolation

Interpolation Pro #I
Interpolate Series

Select Parts

Merge Series
Multiply Series
Add Gaps
Remove Parts
Remove Peaks
Clipping

Changepoint
Standardize

Principal Component
Log-transform
Derivative

Simple Function

Utilities >
Image >
Plot Digitizer

HrFIEEMEE

XA R AR Excel 1) R bR K FEXT G E AR SCIFREAT HE . R MR R 52

AN B 20 I TR B AH [F) 504t A, I8 3K e el R e AT~ 24 i AR

A

HiEsE [Mac]: #£+ U; [Windows]: Ctrl + U
A SRR *-sue.txt B *-s.txt B *-u.txt

fi i} MatLab [ interpl BRE0sEA7 28 M4 1A .
htEf# [Mac]: 36+ 1; [Windows]: Ctrl + |
HOCHE AR *-rsp0.3.txt, 0.31R3R T H 7 H & HHRERAE R . BRME VR R I Ar

FH{EPro

i 7 R SRR SR AN iR ATl AR . TP AT LLRHE B B 90,  DMEAEn R ER AR 2 FIRAb
Mo

H#EMac]: 6+ 1; [Windows]: Ctrl + |

B4 -rspSAMPLING RATE-METHOD.txt, HHSAMPLING RATE A& /7 52 S {E KA
%, METHOD:E il fElinear, nearest, next, previous, pchip, cubic, v5cubic, makima, 1 spline. #1 3CF
AT REAN T B

Example-WayaoCarnianGRO-rsp0.33-nearest.txt
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[ ] [ ] Acycle: Interpolation Pro
Interpolation
Example-WayaoCarnianGRO.txt X1 -176 Y1 628.8
Save
Sampling rate 0333333 Method I AN x2 0 Y2 33552
| nearest E
next

: t) Linear Interpolation
T T = previous n T T T

peie BE-S—

3000 cubic

v5cubic

makima

2500 — spline i

-160 -140 =120 -100 -80 ] -60 ) -20 0
Set gap ( 10 X median sampling rate) = 0

Vi Va7

e Pro&lJE St
Fr3 4
IS E 225 PP 5 0% B AR T SR FERS . ] MatLab [¥) interpl e&H0E AT M6 E -
DRI ERSERY, EFEBTA, S

[ NON Acycle: Interpolation Plus

Select Reference and Target Series
Reference Series

/Users/mingsongli/Dropbox/Acycle/testv21/SigGen-rednoise-1std-Omean-0.5alpha.txt

Target Series

I\ Open | | /Users/mingsongli/Dropbox/Acycle/testv2 1/Example-WayaoCarnianGRO.txt

Plot Interpolation
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Reference N
o F T T q T qu:l yb 0o
R 9 f? hoo /o ¢
Toel SRRV
o) Jom TV na Sy M VY o
2 \»J. 1 }"( |d &
180 -160 140 120 -100 80 -60 -40 20 0

L ! L L ! | 1 ! L
-180 -160 -140 -120 -100 -80 -60 -40 -20 0
Target Interpolated

T \I.I[ T T

2000 [ 7 ‘ T . T
o /| [ /| i g %
oo S | $ Sof0s 4 | RN R oo b\
| | ed?pod % | P ML [ 8] 6
1000 S % ] 6| & 00 & °
. ‘ . . LV . ‘ .
-180 -160 -140 -120 -100 -80 -60 -40 -20 0
m

B 48R TargetSeriesName-ReferenceSeriesName. txt.

RBGHE
XA BRSSP SRR T B8 iy R 2R i MG 5 (9 808 26 i — N8 1R 7 81
B4R *-a-bixt, aNEEIA A, b A AL

Gl
RPN E P HI S — Bl sE AR, AT DO BT EE =516 9F
B4 FR: mergedseries. txt.

Fr5FEsR

WERPANIEE P A — 5 5e A0 E, WEATar DU (B8 51D .
W4k multipliedseriesd.txt and multipliedseries2.txt

bihiil 1]

1M o B3I o A P P P 5 SRS R TR s ) 455 S I TN I — AN B AN 1T RG MR AR 358 52 A0 it
MAHERR N RS X, FEOE SR

105, 3.2
7105 P LAY IR I 1] LI 0B.2 B AL H 1 22
105, 3.2, 133, 15

7E10.5 PN A7 TR 2 BT ] L 28 00— 183.2 TN L 9B g, 713.3 7 (7 970 /%1 1 18] L= 22 7
BN i

ERRE
BRI PP 2 S0 ] S T 2 SRS P 2 B — BP9 B, 3630
Co T
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15, 3, 20.2, 4
MYIFRLS TN L3P ELTHIEHE (R MERLS-18 L 5 ), H-H M 75— B F720.2-
24.2 ()

ZHRRIEE

2 bR OB IR T P € SRR IARAT B8 31D BR e Honizd, Il T
MERE MBI HONZAE, T2 T30 5 BB SO R — A P31

3y

2 PR B BY v AR T P SR BRME B de AR 0 5 (1 Bl SO AR il — A
IR o

File Edit View Insert Tools Desktop Window Help 3
DEede h AKRO9PLA- G 0DE @

._3'.. 1000ka-day-80-lat-65 La04.txt
210 o

St

160

g

2

400 5(;0 600
Depth(m)

[ N Figure 1

File Edit View Insert Tools Desktop Window Help 3

Dedse kB &% \-/@-é./ 2= 08 a@

Insol-t-1-1000ka-day-80-lat-65: La04-clip180+.txt

il

Depm (m)

[ 46 6 BT e 9 H A 2 75

7))
DU S 457 R SR ——— TSR ) e 21 455 e B 22 ) T e

THEEE T HZ I RE M 4G RACRIN, AR EE S0, JF 51 A RE P 1 LT 3CE

E. Ruggieri (2013) "A Bayesian Approach to Detecting Change Points in Climatic Records,"
International Journal of Climatology, 33: 520-528. doi: 10.1002/joc.3447
[ NON ) Figure 1
File Edit View Insert Tools Desktop Window Help ~
DEdde W ARAUPDEA-32 0EH ad

1000 T T T .Changel Pomts. T T

Proxy
o
Posterior Probability

-1000 L . LA L L n L . L
-180 -175 -170 -165 -160 -1556 -150 -145 -140 -135 -13

coooooo000~+
=N WA NIDHNW

o

21 GE BT LILST RLL T R R T 5 -
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PR
FIFH MatLab ¥ zscore Zhg.
Z=(X-u)o, X NEFEHE, uhXEIFME, ol X BIbRfEE.
B4 FR: *-stand.txt
ENS % g
I REXT it ) 22 B BOE SCAFEAT 3 5053 73 1T -
S5 B AT DA I T 5 2 B e
B Ei
*-PCA-coeff.txt - = s 25
*-PCA-latent-explained-mu.txt - L5 &> 3 B R0 2 7 22 B 43 EE ALl TF 3B MU ]

e

*-PCA-tsquared.txt - Hotelling's T-*F- 7 & it = .

X H AR

% BRI HUS FH Pre BE 1 58 A0 AT log 1045 46, FEAR AR BT I H0H ST AR OHT I B SO A

Xi = logio(Xi)

W4 R *-logl0.txt '@ O @ Input parameters
E‘Fﬁ a for the 1st column: x(i) =a * x(i) + b

RS E (B, B, =B, LD . 1.5

42 FR: *-1derv.txt b for the 1st column: x(i) =a * x(i) + b
TR A R B A ¥ ‘

B ES,  URSI WA FE R I SR

0.8
CARIE S 0 KO0 SC P2 P — BT B S0 A PO |
GE 151 X 3, 52 588 Y 5D Wablgeg. o ¢ornesdcoumiy =ty +d
L N
X(i) —a* X(i) +D ﬂ(ﬁ Cancel

Yo =c¢* Y +d

JEH A I I I Xy =1.5% X+ 1 Z 7 FEHITH e 5 I E
1EFFEH Y = 0.8 * Yo+ (-3) Z AT He.
FCAE4FR: *-new.txt
TEMHE
BIRENE I /ME
TEH P e SCRRs ] 1] g A B4R K/ ME . B AR
INFERT A B H
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RGBT E
2 EE

2241] 6 7 I MRS
RGB# K ¥

R BB SR RGB M SO I RS 3, IR ORAE T
iR]EEE SELE

B RR: *-gray tif

RGB#CIE LAB

FF— PRGBS NI B & XU 412 S CIE Labks =X, HERF— PHnE &,

W
(1) RE AR - <oRmB” - “EEINET, FHINELE & X4 “Example-Sphalerite.jpg”,
(2) EEEIGXH, mEEE - Bl - “RGB¥CIE LAB”,

HrEGBIR

Example-Sphalerite-Lab.tif - LACIE Lab#& Az sk TIFFE 5.,

(2] @® Example-Sphalerite-Lab.tif
File File
Scde 0 dde 08

E1& 751

M P BRI PR AN R IR B SRR FE T B S A

BOCAE 4R *-profile.txt % grayscale profile
B4 FR: *-controlpoints. txt % location of two control points

B EEEG S, Flin “example - sphalerite - lab tif”. % #“Math

- Image — Image Profile” JJ G

B2 AR TR (1), FHALTE I 25 P s

A 0%3: MatLab it Acycle: #% Enter 5. WSEHEE R HARTE K B 503 o

*GUR3. W ARAEHT Acycle: itk N Macii 5% # Windowsdn 4 % 1, 1% Enter .
kR
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Example-Sphalerite-Lab-profile.txt

Example-Sphalerite-Lab-controlpoints.txt

Example-Sphalerite-Lab-controlpixels.txt

Example-Sphalerite-Lab L*: Press "SHIFT"or"ALT" & select cursors now | Example-Sphalerite-Lab: L*
File File
dde 0B leas D@

[R.G.5] (0160784 0.16074

Y] (718 48]

: ndex 431373

2 0.1 01 n e 31373 00431373 .04
£XY] (487 053]
"ndex 31.7647

1237 611} [R.G8) (0317647 0317647 0.317647)

dex 38,8235
G.5] [0.388295 0.388235 0.388236]

PV a7y 73n]
Inciox 30,9004

[RGB (0306604 0309804 0.309804]

Example-Sphalerite-Lab: 3* Example-Sphalerite-Lab: b*
File File
sde 08 dde 0@

ece ﬂ;ms
File
gde 08
i, — Example-Sphalert-Lab-profie st .
.‘E | i :::
| L | (#1 ) | AT \
I Ji Yl L i n | oM o ke
3“’ Mﬁ Y 'w‘r i Y \”, Y h‘) LR "- 1l
| R LR, e ot £ i
H A " J\.'”‘ % 1 (il ) 'L !
o W . - z

P G SC b Bl R A . il
T # “Example-PlotDigitizer.jpg” 3t Hiz 47 “Plot Digitizer”
“Basic Series” [ “Examples” O “Image for Plot Digitizer”.
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E Acycle = 5t 7e B oy DO £ UGS (BUE B S EHE S —— i A 80 i ED

%% “Math” O “Plot Digitizer”iz {7l Ihfit (W FEFIR)

0@ Acycle: Plot Digitizer

X axis 3 Y axis
Start Point -200 © inear Start Point o 3 © Linear
End Point 1400 3 Logarithmic End Point 120 3 B Logarithmic

5 Now Digitize the point, press RightButton to stop

R e e e e TR P

2.4 y-axis max
120
N‘.; .
V%—‘
e ®
-
—
————— LK DataExtractTab
- Q,\_.
————e No. X Y
PO
— 1 1 76.9231 1.9835
= - — _ 2 2 144.6154 3.4711
e
£ — 3 3 280.0000 47107
S E———m——
-— 4 4 581.5385 5.9504
G e ————

7 — 5 5 440.0000 6.9421
}‘ 6 6 187.6923 7.9339
é 7 it 236.9231 15.1240

2 = ;‘E—d(t\, 8 8  815.3846 19.5868

Toa L
9 9 446.1538 24.0496

i N 10 10 1.0308403 51.0744

mir st‘

[ 2.1 x-axis min
| &R BN o) A O VO
0 400 600 B00 1000
Value

1K E 250 % T <Acycle: Plot digittizer” (TRHFHEIN) - ZEIEESCFUWH (LA dHTHE:

1) mifi“Calibrate axis™#Z41
2) T e A bl

1

Recalibrate axis Undo
4 Digitize Grid Line

Auto-digitize Save Data 5

FERFECTAC I B P, AL IR i DO e x iR /MEL (2.1 x Bl K fE

(2.2) . yHim/ME (2.3) L y i KME (2.4) .
3) W B AL PR IR

iR [5]““Acycle: Plot Digitizer* & I, %N\ x FAly I IMAE, FHigBe 2k el x40 1.

4) Btk

FifiDigitize” 4% 41, KT DALE G Bl F el DL S0 A
Helf UK E SR I R FE“Data Extra Tab” S+

AiF LA H Digitize s 4k 2

5) tRAFEIRE

i ifiSave Data” EAPRAFEEUTF AL (1 B s AE SCAR SO A

6) 4

siitieUndo’ A B3 852 J5 — 38 5

-48 -
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4.7 B 1A 75

| Timeseries JEH1
Detrending | Curve Fitting ®BT
Smoothing >

Pre-whitening

Spectral Analysis 8S
Spectral Analysis (SWA) [
Evolutionary Spectral Analysis $E
Wavelet $BW

Circular spectral analysis
Recurrence Plot

Coherence & Phase $K
Lead-lag Relationship

Filtering ®BF
Dynamic Filtering
Amplitude Modulation

Build Age Model
Undatable
Sed. Rate to Age Model

Age Scale | Tuning
Stratigraphic Correlation

Power Decomposition Analysis
Sedimentary Noise Model >

Correlation Coefficient (COCO/eCOCO)
TimeOpt

eTimeOpt

Spectral Moments

ey =l ke ey

2 Y R ORI R BB SO AT P e LS (B DR EERT B3R &
J2ANH B SO DRI

(0) #£ L Fr L — M EE SCF; LL$ Timeseries O Detrending

(1) N DK E 4 b e feshig . BROME A S KERI35%, BIan & E N
100m, D& HKE N35m.
(2) Ak —A A K@RA Tk,

(3) iy PLOT #%4H, “5£5 )L (2 —708h, BURTHERER KPS .
Koot — M 0 CRr Al E D), Rondls I 35% R,

(4) #£“Select & Save detrending Model”iE It T, &GS . B EBH I
W WoRAE E S

(B R i E RN, SRR Er@A L 5 385
HtE# [Mac]: g8+ T; [Windows]: Ctrl + T
4R *-80-LOWESS.txt 5 *-80-LOWESStrend.txt
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®  ® Acycle: Curve Fitting | Detrending | Smoothing

Y Va1

1
Detrending 7
Window OR 45.483 % e~ e Figure 2
File
| D | ; :
S cdde 0E
Polynomial fit
LOWESS / 2 Raw data & 80-m trend
Mean -
") rLOWESS : —
o 1 order (Lineer) N | == o 0
LoEsS 2oder | Lz e
[ = == LOESS (Red)
rLOESS 3 |org 3 2500 | ~ = rOESS (Magenta) |-
order I
saectAl Gl d

Select & Save detrending Model a4

vé

LOWESS (Green)
-1‘60 -1‘40 -120 -100 —3‘0 60 -';0 20
Depth (m)
T
=k 3
ZRRECRIH B e SCEIEE L I 5 VR B 2SRRI, AR I e i s S A R A
HT A

B FR:
*-WINDOW-METHOD-NUMBER-bootstp-meanstd.txt

511 2 3 4 5 6

TR FEE (It [ ¥ - YH-o ¥IE ¥IE + ¥IME + 20
26 o
*-WINDOW-METHOD-NUMBER-bootstp-percentile.txt
511 2 3 4 5 6 7 8 9 10
VR [F) 0.5 2.275 5 25 50 75 95 97.725 99.5

[H] % % % % % % % % %
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Vi1
| ®°® Figure 2
File Edit View Insert Tools Desktop Window Help File Edit View Insert Tools Desktop Window Help
Dade @ 08 R[E WNade @ 0B RE ~
2400 : |.0.101'/-Io.u regression & 2400 - T oo% me‘&:ﬂj%lm regression 5
EIHIFE T 22X 1 7 5 19 7 15 P2 TR
B3y
PERREE A n R AR T a8 W B ST AR BGE 281, b n 2 P E LIS
AR *-3ptsmutxt, o 3 SCFHE T .
TR S
XA BRESASE F A P A AN T e A SRR R A, Hehna2 P E S
B E
PERR B A n R R T2 W B ST AR BGE 281, b n 2 P E LIS
FOCE A FR: *-Tpts-median.txt, EEE 7P EF R .
i=Eea
® ® Acycle: Prewhiten 7
Setrho (0 < p <=1) of AR1
Classic AR1 p 0.7493
O Robust AR1 p 052785
User-defined 1
Prewhiten
d

=REA T % fEH classic ARL /) p flitt, {#FH robust ARL () p flitt, (G 5E SCH p Al
it

WE R E SUEANL: HH MatLab diff B0 E 57
Y = diff(X), 15 X ML TR 2 K ZE S .
B4R *-prewhiten-1.txt

e 7 #T

2% R B 2 LSBT RS 0 M. =P 772:90 51 /& Multi-taper 72:(MTM) (Thomson,
1982), Lomb-Scarglei(Lomb, 1976;Scargle, 1982) F1 MatLab [ & & . X =Fh 50403 T2 1A
-51-
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PR [A] 751, Lomb-Scargleiiid FH T A %5 8] ¥R (1 B (8] 77 51

R
(1) £ 3= i ok R S
(2) i <Timeseries O Spectral Analysis”>z ¥,

(3) B —FhRERE M ik AT R 775 Multi-taper method (MTM) (Thomson, 1982)
Lomb-Scargle spectrum (Lomb, 1976; Scargle, 1982) , DL MatLab’s periodogram.

(4) AL #E T Multi-taper 773 (MTMD , ETIRSBE 2 KA SR . BRIMEH =N EH
#NEH 2r prolate tapers. F PRI LATE m Z RS AT AR IESE8 nws K88 FH IO HERE ROy 2*nw -1
B T R B4

(5) TR : 72 T A9 THRR Hh i B R DL R x bR y il g e ek Bont B0 3K

(6) Mg E MR : FETHusson (2014). Linda HinnoviZ1] # RedNoise.mi %{. Robust

AR(1) Mg A 22 Mann and Lees (1996). Power Law (P.L.) DA A Bending Power Law
(B.P.L.) M5 1M 22% Vaughan et al. (2011).

(7) Run 8% Run & Save #%4fl, AIIERNE (GEORAF DRSS AR T
HiESE [Mac]: F£+ S; [Windows]: Ctrl + S

Acycle: Spectral Analysis

Select method Multi-taper method
Method Plot: max frequency & Y
Time-bandwidth product 2 . ‘
req, min 0
20 )
Ter © Nyquist 15152
5 x o 534 Loz
Red noise Linear Y Log Y
Robust AR(1) Smoothed Window Averages [ log(freq) Xin period ]
Glassic AR(1) Bending Power Law

e AL poertee "

O @ Robust AR(1) Estimation

Median smoothing window: default 0.2 = 20%
0.2

AR1 best fit model? 1 = linear; 2 = log power
2

OK Cancel
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KE 0.2 Rom L1 A m G S KA R i 2 11T 20% T8

‘eve@
File Edit View
Dadée

Insert Tools

2@ 08 K[E

27-MTM-Robust-AR(1): p = 0.6846. SO = 19427.6733
T T

Figure 1: Example-WayaoCarnianGRO-rsp0.33-80-LOWESS.txt 2pi MTM
Desktop Window Help

>

108

Power ]
20% median-smoothed | 7
e RObDUSEt AR(1) median
Robust AR(1) 90%
= == Robust AR(1) 95%
— - — - Robust AR(1) 99%
Robust AR(1) 99.9% E

s e e

0.5

Frequency (cycles/unit)

Frequency (cycles/unit)

X A€0.27 3R LT B Hm . G N B RATE R it 28 14T 20% (T 1
2m WL RIEB G4 2619 Z HE/E D)8 (#ifE= 0.33; Z/£#80K lowess &%)

ece
File Edit View

Insert Tools

Figure 2

Desktop Window Help kY

Dade @ 0B K[E

Amplitude, F-test & significance level : 21
T T

150
g 100 b
a
g 1
0 i -
0 0.5 1.5
60 Al
Baor .
b !
20 - I i
oA xll,.lJMljla,A
0 0.5 1.5

o
8.
I

Significance level
8
—
I —
el
pm—_—
|

i

0.9

el

0.5
Frequency

5

L RIEF S 4126 /7 2 T IR FI T 42 402 2 118 (Ha7fE= 0.33; &5%980 K lowess &%)
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IEES

Vil ati-1:7]

BoCAE:
PN

*-2piMTM-RobustARL.txt, %I T Robust AR(L) M 75 #E 7 f) g i
o AR HIRE . ARLEAELAIPUAS B {5 7K (90%, 95%, 99%, 99.9%) .

*.2piMTM-RobustAR1-Med-smooth.txt, 17 4 5 F1 b S oh 2233
P ‘jﬁ

*-2piMTM-ClassicARL.txt, f{F%ET Husson (2014) ) RedNoise.m f¥1HE1E
LA B, Bk, AR PYAS BAZ KT (90%, 95%, 99%, 99.9%) .

*-2piMTM-amp.txt, A 2r 24k R FIRIE T 51 .
*-2piIMTM-fsig.txt, A& 2n ZHEEA f K50 B & VK1
*-2piIMTM-ftest.txt, 1R3R 2n ZHEE A f K I04H )7 51

*-2piMTM-Faz-Sig-Noi-Dof.txt, AAFMZ, EEAALL, (55 (F-rationominator) , B# (F-ratio
denominator) , DA H &ML H HE .
*-2pi-MTM-SWA-Spectrum-FDR-20231010T094056.dat - 4% . R sLhrh. & 07
B st. FDRAKT . U2 Hae s )it e 4% 20 4 H B0
*-2pi-MTM-SWA-Spectrum-Chi2CL-20231010T094056.dat - ek K+ #iR . sLhrohR. FigE H
FHE R X PEGEKE. XA IR R X A HE a8,

Ha. X

LU BEKT RS, AL

LA BASKT A, 4

log(freq.) Xin period

M Acycle v2.17F 44, Sk X in period, ThEik B Eor k. Aiadiih4L,
TR JE HE .

((X”

27-MTM-Robust-AR(1): p = 0.70641. SO = 20917.7989
T T T T =

! - : T : —r—T—T
____________-_____2\.-_,,‘\\___’_:;__ A= Y 174752.9645
\ TN
K 7 \,\ ) ~ & — ~ _ Y 65418.8738
L/\/ \/ \ !\ /\,\\ ~ -’5\ ~
Power
20% median-smoothed
— RObUSt AR(1) median
Robust AR(1) 90%
= == Robust AR(1) 95%
—-— - Robust AR(1) 99%
Robust AR(1) 99.9%
= R S e 2 I Y [ T TR 3 = I Y R, |
10? 10’ 10°
LY LR 7 S A o el it U AT L i Je B

BeiE M (SWA)

B REA FH Weedon%E N (2019) $ HH -Fi B PR B E AT BE 3 0 B o ZEIXFh 77 v A 1)
Lomb-Scargle g 5o 1% A 32 5 (a1 B& 1 B 18] /32 51 64T 204

Hela
IR

(D ®FE—AEE . a1, “LR04 Stack 0 5320ka.txt” (FEAFEAISEE) .
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Vil ati-1:7]

(2) %3 “WHEFEH) - BEiE b (SWA) 7 o Sed(E B B R EL IR E .,
(3) JUE, BeEr—AD=mREmM “Acycle: “Fig&E 1P (SWA) 7 GUI,
(4) F P a7 L 78 = AR B A 2o o 2 5 KPS

BociE44

LR04_Stack_0_5320ka-SWA-Periodogram-Bayes-prob-20231010T095324.dat - £ . &3, A KIA0

DUt

LR04_Stack_0_5320ka-SWA-Spectrum-Chi2CL-20231010T095324.dat - e [K 7. #iF. SLPRIhEK.

SWAT 5. yEfEKT.

LRO4_Stack_0_5320ka-SWA-Spectrum-FDR-20231010T095324.dat - e [K 7. #iF. B, LBz
. SWAY 5. FDR/KF. A plf A IS 2. #&%0: FH B0,

‘ Switching to quadratic fit for end window
RMSE = @.346082

After smoothing RMSE = 8.349542
Setting up probability listing...
.. completed
Find probability level (ALPHA) by frequency based on chi2 for DOF = 8
Find probability level : completed
maxneg 1@%, 5%, 1%, ©.1%, ©.81% FOR INDEX = 81, 73, &7, 49, 41

In the spectrum, relative to the SWA

Max variance ratio = 36.18137
©.e1% FDR Factor = 5.26994

Chi2 confidence level for @.81% FDR CL = 99.9998736%
@.1% FOR Factor = 4.53226

Chi2 confidence level for @.1% FDR CL = 99.9984251%
1% FDR Factor = 3.83209

Chi2 confidence level for 1% FDR CL = 99.9838299%
6% FDR Factor = 3.108961

Chi2 confidence level for 5% FDR CL = 99.8368999%

Significant spectral peak(s):

Frequency Period/Wlength Rel. Power CcL
9.010526 95.000000 80.082120 18.957@37

Gonfidence levels

90% chi2 CL + 95% chi2 CL 99% chi2 CL 99.9% chi2 CL
+ 5% FDR v 1% FDR 0.1% FDR 0.01% FDR
Piot Settings.

Minimum Frequency Maximum Frequency

0.00018797 0.198684

Linear Y v LogY log(freq.) Xin period
Figure Settings
+ 1 Figure 2 Figures 3 Figures

BB AT

[ ] @ Figure 3: Acycle: SWA - LR04_Stack_0_5320ka.txt
File
dde 0OEH

102 Lomb-Scargle Transform and SWA Confidence Levels

[ 1% FOR
JI | —= == 5% FDR
T — — 95% chi’ CL

—
|

. . i A

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 018

Frequency (cycles/unit)

i

0.02 0.04 0.06 0.08 01 012 0.14 0.16 018
Frequency (cycles/unit)

10
2
E
o
£ 5
510
8
2
&
@
1% 1
Al | I " " PPN | Py
0.02 0.04 0.08 0.08 0.1 0.12 0.14 0.16 0.18
Frequency (cycles/unit)

2R EUE P E RS BT AL RS o . B IRINT

(1) 7& F Frmrh ke FE s SC . i, 3% $F“Basic Series” —
¥ §T JF “Example-WayaoCarnianGRO.txt” 3 f

Wayao gamma ray” ,

“Examples” — “Late Triassic

F H “Math” —

“Sort/Unique/Delete-empty” LA f& “Interpolation” T RERf (& Acycle S #ri%kg 0 (BRI T 7 FHME— R
FEZ) o K02 mRFEFRFEATHES, S “Example- WayaoCarnianGRO-rsp0.2.txt”.

B 5 S A AT TG 29 5T 1281 1 ] /72 5
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(2) i # Timeseries O Evolutionary Spectral Analysis 3¢ H.

(3) iEFE 71, BRIATJTIESE Linda A. Hinnov 283243t () Fast Fourier transform (LAH)(Kodama
and Hinnov, 2015). HAth 7724045 MatLab ] Fast Fourier transform, multi-taper method (MTM)
(Thomson, 1982) L) & Lomb-Scargle spectrum (Lomb, 1976; Scargle, 1982).

(4) VAL BETE > T I AR A N LS BT R B E . BRIMELAOZ] Nyquist (fnyg = 1/ (N *
A)), HAPNEIE R E, ACERFEE,

(G) W E DR M RZHCE UEF TR B, BRANMENIZEE T .

(6) W3 H: +4EE! WahE O WKER I EZIEEIE S KE35%, & heq 2
PR DL R 3Rk AT 5 e

Ty R A B3 M 75, B L] LAARS K AR-A 1, AIT0E1402K. KE17
A Y- # s 5, kL B BER 2 A0S 5

(7) 2n MTM-+red: A8 [F] I F A2 fidk Fr) 21 i s AR AR I )[R 72 81 2 MTMZH 2R B 2 S 1 gt
FERLY R ZfRE, 1S5 LI REE M4y

(8) 4/ : 2D mk 3D JiEfL ik,

(9) Aebrihe . Arel—ik.

(10) B3N s AXAN I TR ASE P iy RO HUCH P AR R oA % . A5 2 R T8 Ak BR 1 7t it
R AG TG HR R S 0 2 5 10 o IR ANSBAS I (g 2 4 1 13 3 & 10 5 vk 5 2R 1 s
[FIK. SRTM, MOEVTRE BI NBAM R AEE (i, 7E—umB M i A @SB T HD .

(11) Bits: wrRMEs, MRS ON T LR E (SESERTFEEE) .

(12) OK ###l: A p—A B s il /b 45 R IB . A2 B S RAT B S

HhiEe# [Mac]: &5+ E; [Windows]: Ctrl + E
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‘eav e Figure 1: Example-La2004-1E.5T-1P-0-2000-sue.txt: Running Periodogram
File Edit View Insert Tools Desktop Window Help >

Dede @ 0B K[E

P Fast Fourier transform (LAH). Window = 400 unit; step = 3.2 unit
[ A n [ Power
Al [{A Robust AR(1) median
sm N | 1 H = = Robust AR(1)95%
2= |l f ‘ |- Folust AR 90%¢
. A NN I "L"

[ BN ] Acycle: Evolutionary Spectral Analysis
Select method Fast Fourier transform (LAH) B
Input for Evolutive FFT
Plot: Maximum Frequency Step Sliding Window
LA 0 32 Tips 400
Use Nyquist ne
[ * Usenput 0.08 ] unit Unit Tips
| Plot series | Normalize each window Colormap
i b4 Flip Y-axi
2 2pi MTM + red l. lip Y-axis default n
Plot " L "
O 3D Log(power) Grid #
Rotation xpadding  zero v 2 0 2 4 0 001 002 0038 004 005 008 007 008

Frequency (cycles per unit)

17400 kyr 785 2 11 FB.2 Kyr /E]/g 17 La2004 K X A# M7 59 Evolutionary FFT

-57-



Acycle v2.7 H g

NG HT

2N T e P 8 @ XS HGH AT /N #dr (Torrence and Compo, 1998)
NP AR T o BT R RS A A3 HT

PFREH:
DR
(1) £ Ft i h kB ElE S F

B B A FA AL 5] [E] g 19 2% 2T 1] /7 5 s HIRAE T
DI B E SY IS P LR F AT -

(2) HF¥ Timeseries O Wavelet 3 #.
() B T DB S N R BT FURAR RS T

@ Acycle: Wavelet
Serles 1 Example-La2004-1E 5T-1P-0-2000.txt standardize
Set Period Method
Period Min 5 linear Mathod
Period Max 750 -
O 1og Mother MORLET
Discrete scale spacing 01 padding Parameter s
Plot Save
plot series flip depth/time colormap detault a
save resul
plot spectrum flip pericd orid ¥ 16
tick label 51020 4195 125 405 ?
cone of influence swap x-y oK
) 020 £ )
log2 power p=0.05 siglev.
DI B IR
N M ST

FPHIL: P SO A R
FPE12: . WURAE F & DA s, AT RLAEAT NBAE 2 A A sE S A
WAL : 2SR AE T T BT EAT AR AEAL o
B E:
FSBAME: NI R, BRAE 2%dt,  dU2RFER.
BB KRR : WA R BRE R vrL, H L REdErIKEE.
BEOREREE: AP BRAE 0.1, (N, R, TR R .
5 i TN A AW R
Log2: VhLog2f = 7 i #

#hFpadding: FIHAHIE . R AEIIIEE, HAER EF AR 2 E, [FNEF|
20K o XS TR P A R BRI ES, W 7 H /N0 FRT s
(Torrence and Compo, 1998).
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ik B EAEAT %
B BRI, = AETUZ“MORLET”. “PAUL”E(“DOG”.

¥ B S SHTFMORLET”, N KO (%0 , BRiAJE6. XTT<“PAUL”, A m (i
), EBRiAE4. M TDOG”, Am (Mm-S , BRiAE2.

FPEEE: BRTsl.

REWE: BoREARIESEGEE

FOME: IRNAE, R N AR, HrP S ReE N A AE R A . KT
LR ) A U 2 52 30 25 0UNL FR) FEM

Log2 BEE: ] Log2 & HIRERE .
FHEURBE /T IE] Bl
WA By
Rt x -y b ZHe x iy fih.
P=0.05 sig.lev.: HA30.05% # 4KV,
PG A kP, BIAEOL TS parula, ZERGHI BT (8 B AL
Mg M AR . T TR B S 2O 16
ZIFERRES: 7 B S A R Z B o 35S A A& e BRIRMEL, 9140 5 10 20 41 405
2D: 4K
3D: =4/ kKL
REGER: KA — A BB B St
*.wavelet.fig : MatLab E{G 1.

*-wavelet-power.txt : 1~ E. . REEBUN TR H—47: . HAR: fEE.
*-wavelet-siglev.txt : WIFEl. ZH—%: REEBUN A, 5B—47: FM. HAth: SR
[ ] ® Figure 1: Acycle: wavelet plot 3)

File
dds 08

T
1000 1200 1400 1600 1800 2000
Time (kyr)

T/ L A2 19 2 BT 5 - Y5 -2 22 (ETP) J7 BT KT -

0 200 400 600 800

-59-



Acycle v2.7

eo0e
File

Example-La2004-1E.5T-1P-0-2000-wavelet-power.txt

S de 08 peripd
[ 2

1 = 4 5 [ 7 ] ]
1 Z-E 2.2L“ a.ﬂ! z.ﬂ 2.7&’ E.QLE 3.‘:& 3.3564 I
2 Tlmef o 0.0715 _o.107s 0.7381 01572 0.1683 01712 01757 01813 |
3 1 nos70 OVl 0.1044 0.4174 0.1254 01324 0.1403 0.1481
4 |de pth 2 0.0368 0.0503 0.0592 0.0845 0.0704 0.0789 0.0893 0.1006
5 3 0.0202 0.0244 0.0251 0.0254 0.0288 0.0360 0.0454 0.0558
6 4 0.0103 0.0102 0.0080 0.0067 0.0082 0.0125 0.0185 0.0255
7 5 0.0054 0.0044 00022  9.93020-04 0.0015 0.0034 0.0081 0.0096
8 6 0.0032 00022 8.3540e04 B8.1163605 14254804  7.42430-04 0.0017 0.0030
9 7 0.0021 00014 48934804  7.0717e05  2.1798e-05 16519608 44182004  7.61598-04
10 8 00014  8.8610604 29172604 49364005 18061805 54000805 12438004  1.6009e-04
11 9 00011 6356104 1.7782e04 10167605 9.4841e06  3.1187e05 49356605  3.0099e-05
12 10|| 91088604 5.5536e-04  1.7383e04 1933205 13772605 28036605  5.1330e05 12783805
® ® Example-La2004-1E.5T-1P-0-2000-wavelet-siglev95.txt
File
Sl OB perigg
1 2 3 4 5 [ & 8 9
1 e 2.0681 22144 23733 25437 2.7262 29219 21318 33584)
2_Time ’! 0 0.8947 1.4646 18114 1.9545 1.9370 1.8475 T.7424 1.6395
3 1 o.rsgjl-q et i 1.3686 1.4594 1.4597 1.4204 1.3916 1.3482
¢ _ldepth? 05128/ 06 07761 0.8021 08195 0.8511 0.8858 0.9099
5 3 0.2814 0.3323 0.3289 03154 0.3357 0.3883 0.4498 0.5045
6 4 0.1432 0.1394 0.1055 0.0830 0.0960 0.13853 0.1833 0.2302
7 5 0.0757 00595 0.0293 00123 0.0174 0.0384 0.0608 0.0866
8 8 0.0446 0.0308 0.0110 0.0010 0.0017 0.0080 0.0170 0.0269
9 7 0.0289 0.0186 00064 87925004  2.5383e-04 0.0018 0.0044 0.0069
10 8 0.0200 0.0121 00038 61377c-04  2.20790-04  5.82830-04 0.0012 0.0014
11 9 0.0150 0.0087 00023  1.2641e-04  1.1044e-04  3.3661e-04  4.8942004  2.80326-04
12 10 00127 0.0076 00023 2403604 1.6037e-04 _3.0260e-04 3106980 58604

DB TFHERIRR 2B

D IR:

(1) £ L H B P FdE St
T AP A A6 AT 450 18] B (IR RN B0 5 o AT 50 B A A [ PR SRARE A [ )

GER JBE [ 1] o

Y Va1

KE? 22 Math - Interpolate Series (Z L2 4.6 & Math, =77 . XANTHAEH
AN H T FE I TR SR AT R B A

(2) %% Timeseries > Wavelet % #.,
(3) 7ESH T B S . /Nt B B TR R 5 3
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(] @ Acycle: Wavelet coherence and cross-spectrum
Series 1 La2004-0.5E3T4P-1000-3000-rsp0.5.txt standardize
Series 2 LR04_Stack_1000_3000ka-rsp0.5.txt switch
Set Period Method
Period Min 5 linear Method
wavelet
Period Max 750 © log2
< Mathex MORLET
Phase threshold 0.7 padding Parameter 6
Plot Save
plot series flip depth/time colormap default &
2 save result
cross-spectrum flip period grid # 12
tick label 510204195125 405 ?
cone of influence swap x-y :
p=0.05 sig.lev. o 2D 3D

log2 power

BT R X SR AT
SN AT SRR b, AR S A BLR LA
BHE2: H AR
M ZTHT ) L RFH 2. AR S EAIAR T, S04 AL
RX A NEE R, BVRAE S Z R AT 5 R
AHOLBRAE : ToRARDL R BIE . 2 1% “cross-spectrum” i JiF FH o
TRA7L,
TRAT— > UGN H50dis ST
*.wcoh.fig: MatLab &% 1
*-weoh-weoh.txt: 55 —%1: VREZEUN A 25—47: JAMl. HAth: —3ikaERE.
*-weoh-wes.txt: NS Xk, —ANEAEFERE . /NEAS R AR AR AT DL R NS
52 R IR IR R &R
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(NN ) Figure 2: Acycle: Wavelet coherence and cross-spectrum plot

File Edit View Insert Tools Desktop Window Help £

Dade @ OB K(E

§ S b A
w\/\w MM WWWWWW AWM A Ao

Value of series #1

Value of ser ies #2 .

o

PEAT A BT
eo® e Figure 2: Acycle: Wavelet coherence and cross-spectrum plot
File Edit View Insert Tools Desktop Window Help ~
O Ei'_ de @ 0B RE
LA el
;g i\/\ /\\J\W \N\JW \W\M&/\NM U\,\j \M\M J\N\NW\W N /i

405

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Time (kyr)

BT HERIZE R 3 2 By
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15 A REVE 23 Ar
52 o 1 70 A 15 AEAGL I 8 S A I 18] P ) mh R R EIE, ig AMs IR 45 S, (Lutz, 1985; Stothers,

1991) o METFVRSEHT O H T R E YU . W K A S SR i R T
2021; Zhang%,

IR

LINBoRGIEdE. sy “HARRHN - oRxfl” - KGR

2023)

extinction.txt” ] F & .
AR vivk = 35" N P = s el I 111 5 27 R 7 D = 4L T

3RS HIE A “Acycle: Circular Spectral Analysis” KIS “HfisE” %4

45 R oRERT B .
5%, FUEER LS R
IRAFHIEHE : Example-CSA-extinction-CSA-fixed.txt
Bl #1 #2 #3 #4 #5 #6 #7
JEII, ThE, 50%, 90%, 95%, 99% & 15 /K-

1

2

File Edit Plot [as\cSer\es] Math [T\meseries] Help

/Users/mingsongli/Desktop/data/la0d

beaco3.txt
Example-WayaoGCarnianGRO.txt
Kimmeridge-Clay-PEF txt
607-d180.xt

= odp677-d180-48-112m.txt

O _hIOG i

@® [ ] mingsongli — Acycle 2.7 launcher — Acycle » matla...

Output file = SWA-Periodogram-Bayes-prob.dat

Fixed distance model
>> saved data: Example-CSA-extinction-CSA-fixed.txt
- Col # #2 #3 @4 #5  #6 #7
period, power, 58%, 98%, 95%, 99% Conf.level
Fixed distance model
>» saved data: Example-CSA-extinction-CSA-fixed.txt
Col #1 #2 #3  #4  #5  #6 #7
penud power, 5096 90%, 95%, 99% Conf.level
.

lBCMDI&CSA extinction-CSA-fixed.txt | 5 [>> saved data: Examnle -CSA=extinction-CSA-fixed.txt
armple-Sphaleriie-Lab i #2  #3 #4 #5  #6 67

LRO4_Stack_0_5320ka-SWA-Periodogram-Bayes-prob-20231010T095324.dat
LR04_Stack_0_5320ka-SWA-Spsctrum-Chi2CL-20231010T095324.dat
LR04_Stack_0_5320ka-SWA-Spectrum-FDR-20231010T095324.dat

LR04_Stack 0_5320katxt

Example-WayaoCarnianGR0-rsp0.33-linear-2pi-MTM-SWA-Spectrum-FDi

Col #1
period, power, S5@%, 90%, 95%, 99% Conf.lLevel

¥ n# “Example-CSA-

4 Figure1

1 Exmple—WaymCammnGRn rsp0.33-linear-2pi-MTM-SWA-Spectrum-Chi File

Exmpla-CSAm |cntxl

SO? d1BCH5pﬂ 15-| \Inﬁrlxl

0dpB77-d180-48-112m-rsp0.1-linear.txt
Example-WayaoCarnianGR0-rsp0.33-linear-80-LOWESS.txt
Example-WayaoC arnianGRO-rsp0.33-linear-80-LOWES Strend.txt
Spectrum-SWA-background-FDR-ODPE77-d180.dat 0.2
Spectrum-SWA-background-FDR-Kimmeridge-Clay-PEF dat

p0.33-linear.txt

dde 0&E

CSA with Confidence Levels (Monte Carlo, fixed distance)

o o
guq —- wm
L o i /\ff\\fv

power

Spectrum-SWA-background-FDR-DSDP607-d180.dat
Spectrum-SWA-background-FDR-Balemnits-Marls-TOC dat “1a 120 0o 0 _ oa 0 20
Spectrum-SWA-background-FDR-Belemnite-Marls-CaC03.dat Period {unkt)

‘Spectrum-SWA-background-FDR-Ammenitico-Rosso-lith.dat

AmmoniticoRossoLith.txt
udinput_template2.txt

g

Canfidence level (%)
&

_8
EF

120 100 80 &0 a0 20

Period (unit)
Data: Example-CSA-extinction
Test period
* Linear - 395 madmum 141.425 Number of steps oo
Log test periods of 3.950, 5.339, 6.727, ..., 141.425 unit
Sliding Window 3
Random distance
Montas Carlo # 10000 v Savedata
* Fixed distance v Flip X-axis
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HFERE

WIHR RGN A EERE, HIEP RO TR TARL S 1. SRR, ERIEEMEAHE
KAMEE (Marwan%s, 2007) , FRAEEE T X SEatsh St R vrAl, Blanefle S eyim .
MR IEAETR IR (Westerhold%%, 2020)

IR

Lin#EgdE: S “EARRY]” - “CENOGRID”LLINEL “Example-cenogrid-d13c.txt” Al “Example-

cenogrid-d18o.txt”,

2.7E “Acycle: S BT ESSH. mibi “HiE” %l
3RS —NE A

File Edit Plot Basic Series MathHeIp

date descend < unit <

{Users/mingsongli/Desktop/data/la04 ® ®

Figure 2: Recurrence Plot

beaco3d.txt

Example-WayaoCamianGRO.txt

Kimmeridge-Clay-PEF.txt

607-d180.ixt

odpB77-d1B0-48-112m.txt

bTOC.txt

Example-CSA-extinction-CSA-fixed.txt

Example-Sphalerite-Lab.tif
LR04_Stack_0_5320ka-SWA-Periodogram-Bayes-prob-20231010T095324.d;
LR04_Stack_0_5320ka-SWA-Spectrum-Chi2CL-20231010T095324.dat
LR04_Stack_0_5320ka-SWA-Spectrum-FDR-20231010T095324 .dat
LR04_Stack_0_5320ka.txt

Example-WayaoCarnianGRO-rsp0.33-linear- 2pi-MTM-SWA-Spectrum-FDR-2(

Example-WayaoCarnianGRO-rsp0.33-linear-2pi-MTM-SWA-Spectrum-Chi2CL
Example-WayaoCarnianGRO-rsp0.33-linear txt

Example-CSA-extinction.txt
Example-Sphaleritejpg
Example-cenogrid-d13c.ixt
oU/=CTolU-rspu. To=ITnear.tx
odp677-d180-48-112m-rsp0.1-linear.txt
Example-WayaoCarnianGRO-rsp0.33-linear-80-LOWESS. txt
Example-WayaoCarnianGRO-rsp0.33-linear-80-LOWESStrend.txt
Spectrum-SWA-background-FDR-ODP877-d180.dat
Spectrum-SWA-background-FDR-Kimmeridge-Clay-PEF dat
Spectrum-SWA-background-FDR-DSDP607-d180.dat
Spectrum-SWA-background-FDR-Belemnite-Marls-TOC .dat
Spectrum-SWA-background-FDR-Belemnite-Marls-CaCO3.dat
Spectrum-SWA-background-FDR-Ammonitico-Rosso-lith .dat
AmmeniticoRossoLith.txt

udinput_template2.txt

Series Example-cenogrid-d180.txt

Threshold 04
Sliding window

v Show series X X . § .
Window size £8.01  unit Theiler window 1

Show DET Slidingstep 2267  unit diagonal line min

P
I + Flip time v FIipYaxis]

TS AL

EITEALTE S5 7 A L 2 7 A 2 RIAR TP S A AL PR

1. RFREOE I s O ¥ Sk 5 — > Reference F1— > Series” (EESRAE [F]— 3
(5 DI

2. EPRIREEITRIZRAL, P AR —%, “smaller time = younger time” (Tiiikik
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T B“smaller time = older time” .,

3. BHUEBZH

a. MTHEME: ~ANToOHAKRT L.

b. &R BRIMEE S5 AP 81 )6 L ¥150% «

BRINCT TRV [50% . 3 L6 {p 2 ml i %,
c. WE XJuR: SR,

d. WEZHIFERX.
4. jHii<Coherence Plot’ 7R 45 51

5. 2 H, 45 RIERREN TR

TARDIR:

‘Reference’ &SI 48 A\

“Series f# H reference’ [\ [R] (Z5—%1)) #EATHH{E
‘Reference’ Fll‘Series’ ) 3L A X [RI AR L H .

T IR TR A RS R

File Edit View Insert Tools Desktop Window Help

“HEBAE"EVAMER

~ File Edit View Insert Tools Desktop Window Help >
Dede @ D& RE Dede @ 08 KE
o~ Series leads (0-180°) or lags behind (180-360°) the reference
1 " " v 3 sk -~ - " . . . 00
ai B i 1 120 0015 g
e | |
§ o. 0.01
5 150 30
o
0 PO - G PO S S S PR T S 0.005
0 0,005 0.01 0015
Frequency
; Cross Sp_ccmgm P'pno e 2 . #
- N S
8 t
] of ] 210 330
& -100f
. e e . 240 300
0 0,005 0.01 0015 270
Frequency
® o Acycle: Coherence & Phase Analysis
/Users/mi i X/ e/testdatal
'mingsongli/Dropbox/Acycl a Pafertice
b ==> La2004-Eccentricity-0-2000.txt
Example-HiRISE-PSP_002733_1880_RED-controlpoints.txt Series

Example-HiRISE-PSP_002733_1880_RED-profile.txt
Example-HIRISE-PSP_002733_1880_RED.jpg
Example-La2004-1E.5T-1P-0-2000.txt
Example-LateTriassicNewarkDepthRank-700-LOWESS-2000sim-1slice-200win-E
Example-LateTriassicNewarkDepthRank-700-LOWESS-2000sim-1slice-200win-E
Example-LateTriassicNewarkDepthRank-700-LOWESS-2000sim-1slice-200win-E

lo-| ataTri

7001 € S.MnFi 1-lnn tvt

Button Group

Method Welch Plot X range

Frequen
Coherence threshold 08 O gy
= Period

Window size 1000 unit From 0
Number of overlap 500 unit To 0.015

Depth/Time
Small=You...
Plot Style
. = 120
\ 150
\ Al
05 ) Yl 180
| 210
0 240
0 5 10 15 20
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e AT
FINEAG TS e FIFE 8 7 5 Z R G R &R e P IR:
1. 1% #%“Reference’ 1 Series’ .
2. IEPRIRFEINS (R 2E 2, ke P A EE—%1, “smaller time = younger time” (¥ Bk

“smaller time = older time”.

3. iR BTG . VA ) S BRI TG A -1632.051 — 1632.051, % FHFH P E IR RS
16.3205 (U FEATAR) o BRINIERTE & S 25 7 41 sk 8 7 41 i (8] 90 FE 150% .. BRIAFRTH]
f (step) AZERIAIIRTEREIM10%, X LB {E 3l 7 2 4 .

4. JSHHOK, ¥ wonmitgErE F, BN 5 20 TR 1 38 7 R R ZE 8 AR AT A -

‘SeriesName-LeadlLag-ReferenceName.txt’ .

00 Figure 1
File Edit View Insert Tools Desktor Window Hely File Edit View Insert Tools Desktor Window Help ~
o - \ = g ~= [ \ m=
Ngde @ 0B kE Dcdde @ 0B K[E
Min RMSE @ -48.9615. Series leads reference.
Reference 2 T T T T T T v
05 A~ S
0 STV
,o‘?k_(\,?/\f : ; : j 18 |
205 21 215 22 16 I
10° [
Series 14 |
1 \ w |
08 . 5 Raw senes (73] !
046|' ‘/\/\/ — - — - Adusted seres E 12 |
205 21 215 22 5 I
% 10® I
> 08 i
2 \‘ﬁ ;
L]
B > 06 :
B >
® 205 2055 206 2065 207 2075 208 ) ) ) i, ) ) )
4 3 5 04
» Depth/Time 10 2000 -1500 -1000 -500 0 500 1000 1500 2000
o lead () / lag (+)
e: Lead/lag
Select Reference and Series

Reference
Open /Users/mingsongli/Dropbox/Research/202004NewarkMengWang/data/PC1 .txt
Series

Open /Users/mingsongli/Dropbox/Research/202004 NewarkMengWang/data/Eiberg section-rho1-median.txt

Depth/time  Small=Y.. <  Testlimit  1632.051 Step 16.3205 OK

0.3 MRFEF FITIEHT B 3 -S4 26/ 7 51 8- 1 Je e A 70T o

A R BRI F P 8 S H 32 8 B S AR g s A . PR
() 7EFIRITTEFE— TN TS AN E ) LR T 21
B2 B X AE T 57 1] g 97 2 1 1] 7 5

(2) i FETimeseries O Filtering=¢ .

(3) #IEIEW (Bandpass filter) HEARK: |70 EHE ! iy @M 1 e NI R OIR, B
KR B E . 7@ IE 055 MatLab’s Butter, Chebyl1, Ellip filters fl Gaussian, L 45
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¥ 51 Taner-Hilbert filters. 77 ALFE Gaussian filter LA & Taner-Hilbert filter (Kodama

and Hinnov, 2015) .
F#&av: Taner-Hilbert filter 2= /5L JEJE Hi Hi /7 Z FIIE I iy i1 )7 F HI BT TR 1 4051 #8107 -
mih Save date %4, Y AE G WoRTE Acycle E S .

(4) BB IR RAGEPBY: . WAt EE: MatLab’s Butter UL Ellip filter. 7£ SCAHE dig AL
QIR SVt o) o

riih Save date %4, WoRJEH LS
(5) RERG . ST AN VA e ol ] SR R I 01
g [Mac]: 28+ F; [Windows]: Ctrl + F

f ® @ Acycle: Filtering ¥
REO9R0AS e
Bandpass filter: frequency / 1 Power spectra plot
I FFT & 2 MTM Example-WayacCarnianGRO-rsp0.35341-35%lowess
f lower .02 ]
fmax 070597 B
100 | \
W= 038 f min 0
80 - 4
f center: 0.028 B0 - | 4
Pow 130.0836 A
2 sl
5 2 ¥
Roll-off: 104 / Pow 0 2l/N |
Gaussian oL - ) 1 1 I 1 1 |
0.1 0.2 0.3 0.4 05 0.6 orF
s ‘05 -+ T - - -
Highpass and lowpass 3 asf | ' ! ! 2|
\ |
© Highpass / al | 4
Lowpass Save Data 1.5} h 1
Bandstop 1+
-~ Select -- 05t
ol LV { X . L h i
[ 0.1 0.2 0.3 0.4 05 0.6 o7
Cycles/unit
- Vv Ey
I ATIER
[ ] [ ] Acycle: Filtering |
LARO9E0HES ¥
Bandpass filter: frequency / 1 Power spectra plot
‘ FFT & 2n MTM Example-WayaocCamianGRO-rsp0.35341-35%lowess
f lower 07 | T
fmax 070597 3
p 100 | |
upper 13 f min i ol |
fcenter: 0.1

= ] -
/ 3 Pow 1300836 g \ ) :
4 r '

5 2
Roll-off: 104 Pow 0
2 20 |
Taner-Hilbert ol B - L L L L L 1 L
1] 0.1 0.2 0.3 0.4 0.5 0.6 0.7
= 10 - T - - -
Highpass and lowpass 25F | ! ! ! ]
\ |
© Highpass al | 4
Lowpass Save Data 15}
Bandstop 1}
-- Select -- 05
ol { .
0 0.1 0.2 0.3 0.4 05 0.6 07

Cycles/unit

Taner JEJ¥
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® @ Acycle: Filtering
RRO9EDEAS g
Bandpass filter: frequency Power spectra plot
FFT & 2t MTM Example-WayaoCarnianGRO-rsp0.35341-35%lowess
flow 0.07 T
fmax 070597 20
100 - |
f high 13 .
: f min 0 e 1
fcenter: 0.1 80 -
Pow 130.0836
24 “r)
= " A
Roll-off: 10 Pow o ool
-- Select -- ol L L L L L 1
a 0.1 0.2 0.3 0.4 0.5 0.6 0.7
2 @
Highpass and lowpass 4 25F |
Highpass 3 A1 / 2+ |
O Low Save Data 15
Bandstop / 1 1t
_ Butter a oS
ol 1 . 1 1 1 - il
a 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Cycles/unit
iR )4

B4R *-gaus-flow-0.02-Fhigh-0.036.txt, =10k 75 i it 5 #1048 7 v n e, 1%
BN 0.02 8 1A/ A7, kR AR 0.036 /& A/ 547 .

*_Tan-flow-0.07-fhigh-0.13.csv il *-Tan- flow-0.07-fhigh-0.13-AM.csv, JE€ % 7 4114 1]
Taner-Hilbert JiE% A1 0.07 J& B/ A7 B A E 45 28 15 0. 13 ) BA/ A7 1 s B A6, [) I DR AT
PR A 1) SO

r‘ @ Figure 1 i)
File Edit View Insert Tools Desktop Window Help ~
NDede @ 0B KE
3 Example-La2004-1E.5T-1P-0-2000-Gau-flow-0.019-fhigh-0.03.txt
T T T T T

N

o

|
4: | “Q | ’H [[ H ) '.ﬁ e ]
AW)HKI.. )W v ”A !,AJW ‘\m ]
o

JRAEHTLa2004 ETP fFE A 7 ZEFINEH 9 41 kyr /]

ZINEEAR IR FER (Fahikee) AR FHRALFR P EA L FFT A l— /Mg 5. 7o
VFSXT AN R R s 6] [ [ A P AN [] R 0 25 el dE A7 i o o I AXAS B Nicolas Thibault A1 Giovanni
Rizzi 5.

ZINEAR I F P R B ARATR A = . Rk, 2 SO VRIS evo-FFT AITIEAT B 1) 96 AN
FRELE R AL, FEHHIER . EVTRBUER BB KR ERE L T, &I A,

IR
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1 EFE—AE AT
2 R ‘Timeseries’ [0 ‘Dynamic Filtering’

3. WOEMARIGH, WoahE 1 ARG, TE4HA %S WA & “Evolutionary Spectral Analysis™#i77 .
EVOFFT Fill 7 Ffr 7~ R 158 B«

4. piddi OK PAAERR EvoFFT. %1

HFERE

VAN

a. st EVOFFT MBI XIS, GERARMITT IR, A7 i ol l 452 1 ke 3

b. Bk E AU IR . AR o e U TR

5. Kt s BN EVOFFT EHR LA R & BAE o A2 B A SO«

“**.DynFilter.fig:

“k*_DynFilter.txt: JEH S
Example-LateTriassicNewarkDepthRank-700-LOWESS.txt

S SRR EEE ) EVOFFT 344,

O Acycle: Dynamic Filtering | Frequency Stabilization
Plot: Maximum Frequency Step Sliding Window
Freq. min. 0
3.5992 Tips 200
Use Nyquist 0.58586

o Use |nput 0.29293 unit Unit TIpS
Panel

Normalize each window X Padding zero B

Dynamic Filtering &//E R il

File Edit View Insert Tools Desktop Window Help
neEe e

L J L
File Edit View Insert Tools Desktop Window Help

de @ 08 k3

Data & dynamis Sitered output |

. mmmmm

/ﬁjf//ﬁ//%’%éﬁ
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I 5 1 1

ZIIREM ] Taner JIEJAN Hilbert 2244 326 5 A 18] 77 41 26 BRAR I 4 o
B S AR A o (R A R AT F B AN 25 1H

LR

(1) EFE—AEE TS .
(2) mih “mfEIFEA)” -
W44

* AMF.txt - {# [ Taner 3 1€ 2% ()i & 7 471 o

*-AM.txt - Taner i 318 Ji5 % HH )08 2 38 1)

Acycle v2.7

File Edit Plot BasicSeries Math Help

Y Va1

“UEEERE 7 o PSS R IIME IR REAT Taner-Hilbert 224

- Detrending | Curve Fitting ®T
Smoothing |
Pre-whitening
/Users/mingsongli/Desktop/data/la0«
Spectral Analysis S
bcaco3.txt Spectral Analysis (SWA) F
E;‘amm?"jwa!gfca;g:':ﬁmm Evolutionary Spectral Analysis HE
mmeridge-Clay-PEF.
607-d180.txt Wavelet _ #W
0dp677-d180-48-112m.txt Circular Spectral Analysis
bTOC txt ' Recurrence Plot
La2004-Precession-0-1000.txt-AM.txt
1 32??4"?%5'?"'?'1???'“‘"Awm Coherence & Phase K m
Example-WayaoCarnianGRO-rsp0.33-linear-80-  Lead-lag Relationship
Example-WayaoCarnianGRO-rsp0.33-linear-80-
Example-WayaoCarnianGRO-rsp0.33-linear-80-  Filtering #F
Example-WayaoCarnianGRO-rsp0.33-linear-80- i Er :
Example-WaymoCamianGA-r-0.33 liner-804u L 2MIC Filtering 2
Example-WayaoCamnianGRO-rsp0.33-linear-80- Maul LT SV (eTe [T EReTely)
Example-WayaoCarnianGR0O-rsp0.33-linear-80-
Example-WayaoCarnianGRO-rsp0.33-linear-80- Build Age Model

i [ NN ) Acycle: Plot Preview
File Edit View Insert Tools Desktop Window Help ¥
Dede @ 08 K E
0.06 -
~———— La2004-Precession-0-1000.txt-AM
0.04 - ~———— La2004-Precession-0-1000.txt-AMf

0.02 |-
0
-0.02 -

-0.04 L L

1 Il 1 1 1 Il ]
200 300 400 500 600 700 800 900 1000
Unit (unit)

0 100

< AVAC Sy kit
2T REARAE U8 Bt Bl A R AR A SO B IR
(1) BRBAFAE—>35 m JA I B S B 35 m RN 405 kyr Ko fii o Ji . k0t

T e O SO
(2) #%#% Timeseries 0 Build Age Model 3z .

(3) fEFAH R E /R, %y N405A11, F A OK 441l EiT¥
£F—>35 mE AR IR 15 52 4 405 kyr FIHARUE, AR T — )
-70 -

@) @® Input period

Enter period (kyr):
408|

Use 1 = peak; 0 = trough:
1

NK Cancol
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TER AT A .
ECE 4R *-agemodel-405-max.csv,
T — AR BT F D8I 5 I VE(E VR 405 kyr i 25

VIR R

BB G BMIIRUE RS (RS PIE: SREATIRUE SR AR MFEEABR RS, 1o
B AE B — AN 5 34t Acycle BRI 2R A B AR 2 R4 H

Undatable

"Undatable" “E#4-18 2 @45 ##F  (Lougheed and Obrochta, 2019) . hfiA<1.2 (2020-07-
01) . AXVE4IAiiL, 2= Lougheed, B.C.and Obrochta, S.P. (2019) , "HAHEAREA
iff 7 A Rt 5 1) ) R A 1 A S R P AT AR T . " ISR AR, 34, EB122-
13371, https://doi.org/10.1029/2018PA003457 .

PEYI{E B 0] ATE KA R AR 1.0/ Undatable A i 48 2
Chttps://github.com/mingsongli/acycle/blob/master/doc/Undatable%20User%20Manual.pdf) -

i AN SO AT TR AR T AAE DA A2 B AR F
https://github.com/mingsongli/acycle/blob/master/code/package/undatable/udinput_template.txt
n
https://github.com/mingsongli/acycle/blob/master/code/package/undatable/udinput_template2.txt

IRENSY
XF RIS TN, AR AR B 1R 22 I AL O T4 Ckyr) o
B E 4

* adplot (20231010T113818) .pdf - &4 H &
* admodel (20231010T114047) .txt - 4F#R3HEAY
* inputfile (20231010T114047) .txt - $ A\ 1
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Inclugeexcide 8
Load input fin
| Depthl | Deptn2 Age Ageerr | Datetype
1 582000 800D 251880 189 phra
2 18 122 2s18a1 189 5o paint
s 180 160 251899 178 ather
+ 200 203 252350 188 tephra
5 300 a5 262789 125 sphra
Figure 1
dnthe e £ 480G
e
£
H
a5
gt —
e
g ER = =5 = =
rou

Undatable for Acyele

o 6o ool

Nane
Nane
Nane
Nane
Nane

Calibration |

Bootstrap/dan't bootstra all

Res age

oo

-72 -
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Undalable setings
MC isrations:
100,000
wdactor:
04
Baatsyap %:
£
‘Comitine aga PDFs
with identical dapths. V]
{Recormmended)
Output a met file.
containing the Matiab
workspecs (for power users)

Running may take some tlime.
depencing on numiber of dates
and MC interations.

Save o disk

Figure window will be closed.

Wl s the folloving in the

same foldr as the loaded input file:
1) Copy of input dates. use.

2) Copy of ge-depth medel autput.
19 Gopy of age-depth madl piat.
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Fi RE [
IREAE BT AT 1) BT T P AT VR P B [R) (e o 2D B

‘a0 e Acycle: Age Scale

sosoc

2 3
N i i/Dropbox/Acycle/testv2 1 s Example-WayaoCamianGRO-rsp0.33-65-LOWESS-Gau-0.028374A+0.0056747-agemod
Acycle2.1-Win-green.zip
Acycle2.1-mac-green.zip
E le-W: Cami 30-IntP-SigG ise-1std-Omean-0.5alpha.txt 6 Se'ies
2piMTM-ClassicAR1.txt —,
p _,

D g - Exa-nple-WayaoCarmmGRO txt

p0. 33 65 LOWESS Gm 0. 028374Rx0 0056747 txt
Example-WayaoCamanGRO rspO 33-65-LOWESS.txt
Example-WayaoCamianGRO0-rsp0.33-65-LOWESStrend.txt
Example-WayaoCamianGRO-rsp0.33-79.1505-LOESS.txt Show Aos Model
Example-WayaoCamianGRO-rsp0.33-79.1505-LOESStrend.txt Tunning Preview Time
Example—WayaoCammGRO rsp0.33-80-LOWESS.txt 5 3
Exam a -rsp0.33-80-LOWESStrend.txt Tunning Preview Depth 3

D
ExampleWayaoCam anGRO-rsp0.33.txt
Example-WayaoCamianGRO.txt

[ roors 8

(1) % 1 (ONE) EREFEAI A,

(2) A T I E=>] S SO PR T 9 AR S
(3) AR BT S 07 e SR AR R e

(4) 5 Show Age Model: S /RAERS AL,

[ ] [ ] Figure 1
File
dde 0E
‘AgeModeI

Depth (m)

500 1000 1500 2000
Age

Age model
(5) WA B A HdlE .
O L FEE B A SO GRS 0T T R
(7) FP B 4Rt = ok
(8) FME AL . Ai“Tuning Preview Time”5“Tuning Preview Depth”.
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ycle v — — ViVati-1:

File
Sde 08

Example-WayaoCarnianGRO: Tuned

52000 -
£ 1500}
1000

1 ! 1 1 1 1 | 1 1 al 1 1 1 1 ! 1 | | 1 |
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
Age

[FPYYY PYYYY PYPPL FYVTY PPPYY FOTPY VYV PPTPL TVUTY PYTYY PYTY FPTYE PPPPL FVOVL RPTY PRTPY TTVTY PYVPY FRVTY PRPYY PUVTY PYVPL PYVTY IVVPY IVPTL PRPTY YVVY PYVYY IWUTY POTYS PETPY FYVTY FYVYY POTYY PPPN |

-176171166161156151146141136131126121116114106101-96 -91 -86 -81-76 -71-66 -61 -56 -51 -46 -41 -36 -31 -26-21-16-11 -6 -1
Depth (m)

£ 1500
1000

1 1 ! I 1 L 1 1 1 1 las 1 i, | 1 i ol il 1 [ | 1 1
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
Age

1 e | | e | P | | P e | sslasssl alssasles | I ] . | | I | I | s el ol ol
-174 -166 -157 -148 -139 -130 -122 -113 -104 -95 -86 -78 -69 -61 -52 -44 -35 -27 -18 -10 -1
Depth (m)

1Y [E] BSR4 R (o — T4 bt
AT BT IEIRGHIRSE (TS ET ) 52 5] [T TE] el 1)
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Acycle v2.7
e~ e Figure 2
File
cde 0E
Example-WayaoCarnianGRO: Depth
3000E
$ 2500
S
2000
5
& 1500 7
1000
L YR T N O b P YO T 0 I SO R o 0 A L W N O S0 Y W 0 S 0 Y M S [ o Sl RS S S I U I {0 OO ANl (S Y0 I N 0 Y Y o v W G Y
-176 -166 -156 -146 -136 -126 -116 -106 96 -86 -76 -66 -56 -46 -36 -26 -16 -6
Depth (m)
) IS0 YO 1 VO Y V[ U T 157 D8 W 1 T I VS Vi VT WO 5 U J Y W S Y WU G T S 030 Y T S Y WO 0V 1 S 50U M T YO V4T VATV B0 VW S5 A W P W 50 0 I W M O O 00 W VA 7 W T O
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
Age
T ——————
Example-WayaoCarnianGRO: Depth
3000
%2500
>
2000
g
& 1500 7
1000
Vogogg gl g gy b poeplgeg ey Bopogegogel pog—gug boggerge g goggog fioogeg gk Wy Ry gy gf YL [PTETOr L/ (T R VIS TSR TS [ O U (11
86 -76 66 -56 -46 -36 -26 -16 -6

-176 -166 -156 -146 -136 -126 -116 -106 -96
Depth (m)

el vira bt eengl vy g Pigogia vl gy gy ovpa gl
1077 1190 1306 1421
Age

| vl v b n by

IR TSI B A
1537 1654 1772 1890 2008 2126 2244

(PRI TR N
281 395 509 622 736 849 963

REBELT R (B 174 )
B AT BT EIRGAI ] (TR R ) S AT IR HI IR el Er )

(9) siifi Tunning ¥4 BoR RIS 1T

B4R (s) + *-TD-name-of-agemodel-file.csv
(BRR) A <== 8l ==> B H =%,

-75-



Acycle v2.7

[ NON ) Figure 1
File
& de 0E
Origin data
40007‘"|"'I"‘I"'I"'I"'I"‘"'I“'
2000 F ) \ |'|'. 2| il WW
. %mmwmﬂwmw “%MmhwwMW%M|WWWM$*
0 _| L T | L 1 L | L L T | L 1 L L L L | L
-160 -140 -120 -100 -80 -60 -40 -20 0
Tuned data
4000_--|-"|"'|"'|"'|"'|"'"'|"'|"'|"
l
L ||
2000 | , o .
" Wy, MY LA IS 'J\,f Jrf Mo /jr. W w/""w/" k*% i, u“d\ﬂ U"J' At M W'”“ MMN
0 L T S T N TR N T NN SO N N | L
400 600 800 1000 1200 1400 1500 1800 2000 2200
Origin data and tuned data
Hi =% EE
BT R, F P AT DI T3 0] EE AN 8] 7 31
JJ:ng
VIR

(1) EFE—ANSHFII—A HEs51.
(2) HESHOF Rl -

(3) fEHLHE L “I& * Acycle: HUEXTEL” i, fESHE (EHMTR) FEHFE—Ix

S, GTEHARE CRImAYIRD ik — MR A8 A
(4) HEH3IL, HIAWE. AR difEl.
(5) #HE TR EIER, B R TTBUE S AR
B ELE
ke
Target-TD-Reference.txt - 8% 5 1) H k5 R 41
Target-TD-Reference-SAR.txt - TR E K5 .
Target-TD-Reference-AgeMod.txt - £E #3154
Bl
Example-cenogrid-d18o_0_800-TD-LR04_Stack_0_800ka.txt
Example-cenogrid-d18o_0 800-TD-LR04 Stack 0 800ka-SAR.txt
Example-cenogrid-d18o_0 800-TD-LR04 Stack 0 800ka-AgeMod.txt

-76 -
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[ N ] Acycle: Stratigraphic Correlation

Select Reference and Target
Reference

fUsers/mingsongli/Desktop/data/la04/LR04_Stack_0_800ka.txt

Target
/Users/mingsongli/Desktop/data/la04/Example-cenogrid-d18o0_0_800.txt

Set limits
’ Save data
Reference : X limit min 0 max 800

Series : X limit min max
0.564 798.493 Clear All Undo
|- v
— A
X L B TR I
Figure 2: Acycle: Stratigraphic Correlation Figure 4: Acycle: Age Model
File _ File
cdde 0B gdde 0E8
w0 Age Model
Select a tie point in the reference plot; right click to stop -
55 T T T 700 8
| . g e
s m ¥2, *3 t“ \ o0 /.1

2

Time w00
Series ol
¢ ! ! ! ! 100 200 300 400 500 600 700
55— 1 | Depth
e ol “'J}Wfr e ’:f . # A ”[w "\ r"\’\ fﬁ'ﬁﬁ%’f IIW 1 m Ww. M WW
545 | | ) 1
s . _r‘ ‘J} "'1 | hlf‘»mf|. l'ﬂ |‘ i nJ\ \.\ HIP‘W 'F] | {m ‘H 'M, "
Jr H L \M \ I
asih iu v u
¢ 1c|vu 2&: 34;0 4;0 500 GCIIO 700
Depth
N | R-l-mc-u.'l’umd&du
z 2 |
g 1 M Mﬂ ) “'W-\\r- , P "h'ri,» s
£ f‘ R H\ I WMW \“:\J“-‘, { \“w /\'\ ”[M#M .m w,[ NMM% ‘T» [
g1 ! b
a 214 M fo {I \' r"‘ i
% ulm 200 300 ;uo 500 aoo 700 800
>. [ ] Figure 3: Acycle: Stratigraphic Correlation | Sedimentation Rate
File
sde 0&
1.0 T T T T
Rt -
g 1.04 — -
E 102 — -
L i
oo 11;0 alm :u;u 4!)0 stlao ﬁ(I)O 7c‘m
- Depth

HEXS 2

-77 -



Acycle v2.7 M5

REE DRI
TR R N R SRR LI E . SRR T DL PE . AR
Mingsong Li #1 Linda Hinnov 4% 5 3+ & %1€ Li et al. (2016) . #H&4&miiAg < 6] )
PR 1 ) 2 WAEH Matlab A pda.m #5HE S & DHE R 2 MTMT 2 (D)%) 33k
#J. https://doi.pangaea.de/10.1594/PANGAEA.859147).
IR
(1) LB AR E AR S A DD 2o i i T E . - s s e
aired frequency bands (space delimited):
B BOR AR NSRRI AR . BRI A0 esies

® @ Power Decomposition analysis

iEll::F‘ﬂz ( kyr ) ° Window (kyr):

() MNBO ROSREA : ER. mRE SR e

1/33 , ﬁlz/é\ )I%‘{EH% 1/451:” 1/25 H,(] iﬁ%% . :me-bandwidth product, nw:
(@) WA E LMK, BT, Lietal (2016) i oo

FI/2 500 T-4F. 0

(&) MIEEIR, M 2 r2 n ORI . et e s
(5) TFHRARIESRE . BAFE A0, .

(6) LFRAILIR . % U TEBRASE 7008, XET 1

E%éa’ 1%)2‘%006, jﬂ;%}%gﬂﬁﬁﬁo Zero-padding number:
7). WHE MRS AL, SR TE,
Save Results (1 = Yes; 0 = No):
(8) thTH= . BRMEN5000. WIREIRLER 217 0
(>5,000) ’ I)_I\Uﬁj1iﬂ% Ej( E‘]ﬁ? (,leﬁuloyooo‘ Padding Depth: 0=No, 1=zero, 2=mirror; 3=mean; 4=random
15,000, 20,000%) . 0
(9) RIFEER. 1= (RFEERD B0=1 (AR . Ok _J{ Canca

(10) SEARIRSE . XEHEHIR ] R E (BE—51]) BIahfgs
WA TIETE . WTEE 5.

WIH1: 0=7. ANET.

W H2: 1=%, FHEA[EI].
I H3: 2=51%. BREBHA.
EIiH4: 3=3MEH. WHEA

LI H5: 4=FE0l. BEHLIHA.
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DU EAR T

HFERE

118 11 J7 1950 45 74 Dynamic noise after orbital tuning (DYNOT)

Lag-1 A #15# % 4 Lag-1 autocorrelation coefficient (p1)

HUE R G EISM A . WE RS AEIE T 2. 358 REDYNOT A .
EARTT I Li et al. (2018a) -

\ @® ) @ Monte Carlo Simula...
R EUE A E DX lag-1 EAHXE R (pl) AT Morte Carlo simulat
YGZATEL Monte Carlo #4bl. &3 FH T4 B Fe 71 A1 1] 5 onte -aro Smuetons

1000
Al
“%“{kj‘g’ﬁ_”g‘ﬂéiﬁ)\“ﬁ I ,’$D“TH?{E%*¥$” . Window ranges from
68.04

“Monte Carlo” 7 % —22%: Monte Carlof kL
(ERIAME N1000) , ¥EEhE HVEEI winl B win2, KkE%  Window ranges to

Mosrl Bl sr2, DARZEWE GEEMME . 90.72
52 SR ANE B UL AZ 07 VR R I DL et al. (2018a) . Sample rate from
0.3

Sample rate to

% R ¥ (COCO/eCOCO) 0.3

ZINRE AR T e [ M2 25 R0 A 2 T B PR AN A ] Plot: interpolation
A AR IR ZE T B A R R R SCIREN Fg, A ACHERRPPA T 757
FRIEZE . AR BANG X L ] U A I vl L) — B4y, Rl
1E— AN MR TR 26N R ORI Dh 283 5 o A B Ak Plot: shift grids (Default = 15; no shift = 1)
FAZ R R L R itk cssrnsn ™
W BN . XAMETFRL T — M, BIERSCIKS) ) OK
X ARMEFR bR IC A B, [ $H Monte Carlo 5
WITVEVHAL A ROSCRBEN F s . FHAE B 2% (Liet
al., 2018¢c). %% R IEK H Meyers F1 Sageman
(2007) FIASM 7772 (Astrochron R Package ) -

PR AL Im. B DR ECdE 2R 5L LR FAT

i Help

Cancel

n

EBENRERFS EE, 2% , iEFF Timeseries --> Correlation Coefficient
(COCO/eCOCO) 3z

SBL: EEERE: COCO
PE2: H¥E: FEA GRUMEBEFERLE T .
* BRI R AHF X Nyquist 2%, i LIS, (RIS

BE3: Ko FH: 1 ERIMED 2, 3. WIRAEH 7227, WHZFR AR B o FI 24
ARy, Rl REREE, JFRME.
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BB EREBRLIREZEEA! “remove red noise model”

BUHERE=A PR S (R AE S ARL M5 B 5 T 323 ANIE L, COCO mJREJiiE: L
YEo BHIt, FKERMERE = 0 AIRER —MRRTTHR) 5

UbAh, BRI A 3R A
(1) classic ARL [f= (JEHE 1 ARL LM Th3R) — 1, an i f <0, If =0];

(2) classic ARL[ f= (Bl —ARL ZLREFS (AF) , iR £<0, Wf=0] (BRIME, HA
LM OB (1B 18] PP 5 A B AR I D .

(3) Robust AR1 [f = (#i%: —Robust AR ZLMg R A5 ) , iR f <0, MIf=0] CRLEHD .
HERS: RNPIHER
DU 2 f/ME : CERIME AT AR EE COCO A IR IR -
DU 2 5 K fE . IERIME AT REAAEE COCO A IR IR -

‘® (O] Acycle: (Evolutionary) Correlation Coefficient / (e)COCO
Fil Ed Vie Inse Toc Deskt Wind Hel ~ Select Method
Dadde® B KR A- ™ © coco eCOCO
Data

Data Example-WayaoCarnianGR0-rsp0.33-80-LOWESS
0 padding 5000

ol Periodogram of Data
Show pariod. Maximum ; gq5p Number 1 Remove red noise model
(i DL classic AR1 (-fred) B
w0-
Test sedimentation rate
[ Minimum 4.29 maximum 30 step 02 cmkyr I

128 test sed. rates: 4.290, 4.490, 4.690, ..., 28.890 crmkyr

% S ev e Figure 2

= 2 Target: Astronomical cycles
E > Fil Ed Vie Inse Toc Deskt Wind Hel ~
§ — NS dS b RAO L » Middle age of data 230 Ma Max frequency 0.08  qpyr

Berger89 solution 413.0123.095.0457 360213178

2 10°
o Laskar04 Solution 405.0125.095.033.421.019.917.4
15
120 — = 5 User-defined period 405 125 95 41 22.43 23.75 19.18
— 1
= o8 Correlation method
-140 =
> e . ' Spearman © Pearson
:A Frequency
= 18 210° = _ . Monte Carlo
160 =
— 2000
o _1of
e H times
180 & 5
1000 500 O 500 1000 1500 2000
Valu
0
o 0. 1.5

DURE S [ B M PR 2R BN fvinEl fuax, B3 STEP cm/kyr IRIIAIRE . ZE42 T ok
e, AR TR E % R4.29, 4.49, ..., F129.89 cm/kyr  (129MPTALEZHM)

BIR6: B P HI4ER B “Median age of data”. % AVEE 81 1 RECH A AERS, Bhr
NEFER (Ma) .

ST HARSZE“Target frequency”. it 0 cycle/kyr 45 € [11“MAX frequency”. X
TAEES/INT 250Ma BITRBE 71, sl BRIAE -

ST AER KT 250Ma TR FE 41, MAX frequency # B 80.08. X /& Ry % 2 J& B 7] At
/N T16 kyrs

BIRS8: RICHRYTT FE“Astronomical solution” [A] ¥E#EMK]
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A =R SCRR T ] (e %
1. Berger89 fi#th /7% (Berger et al., 1989) ,

2. Laskar 2004 vk /5% (Laskar et al., 2004) ,
3. H P HE NIRRT R T BB ANEFIENTN RS .

P LIRS AR TR AT S5 00 Lk
http://nm2.rhul.ac.uk/wp-content/uploads/2015/01/Milankovitch.html (Waltham, 2015).

SHIR9. MRIFEE“Correlation method”[BRIAE = Pearson]

S IB10: Monte Carlo AEFIREL WKz 4T 31X 200-600 KA. 2000 AR A= Al 1 45
HA IR, 1M50007% 510000/ BRI ] B A= B BE 47 i 45 52

SR BT AT OK #%41l, 7F MatLab/Terminal [y % [ 7f Al LLIE 78 Monte Carlo #5410
IR AR — N HESE, DS OC R B MR A AT 240

B4

*-2000sim-1slice-COCO-log.txt - # #HLIEL - # W (R JI F - COCO - H &S
*-2000sim-1slice-COCO-data.txt - MIRPTAHE =, M HREL, HO-SL, Hib%
*-2000sim-1slice-COCO.fig - —4~ MATLAB fig 3( 1

[ N Figure 4
File
cde 0
Correlation coefficient

0.4 ' ‘ '
202
°t /‘L/i
. ‘ .
5 10 15 20 25 30

0

Sedimentation rate (cm/kyr)
) Null hypoll_iesis )

Hc significance level

5 10 15 20 25 30
Sedimentation rate (cm/kyr)

of contributing astri ical parameters

°f | L/_\/_\—\_V_

. . .
0 5 10 15 20 25 30
Sedimentation rate (cm/kyr)

COCOM 45 B i on Fe AR U ARIH 2 48.1 em/kyr (rho F1 Ho-SL HUBES i AAE) » ALY Zhang
etal. (2015) {5 11)8.6 cm/kyr [T R AT EL R
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EAL SR &3 Evolutionary Correlation Coefficient (eCOCO)

FEFR HeCOCO” GEALAHRRED Zr#r (Lietal., 2018c) WdHEr, %7 ikfd HE3)
HJZ T I AGE R B AR F b e 1) A AL BTN

ek HUE ALK Ry B
BB R eCOCO
SB2. B T BRMMEEFERLET) .

BT3: HGANE: LI RER BRI iR AT RIS . A eCOCO K B #i 7 eCOCO
BRI o AN IR D) RE A RIS T sh i D AT B R AR 1. SR, 7R
RES SFEONTIBE R R M T (B, P PIE—im sl pyim R Es ) .

* SRR . B RHZE A Nyquist Sii%6 . A AL2 A6 .
SB4. EHFBBRAEEER“remove red noise model”

B B=A R R (RAAS N ARL M5 AR 5 I i AE RS, COCOW] fE ik
TAE. K, ZBRMEE=0 Al R — MR E)

BeAk,  FiBRLIE S A 3R T v
(1) classic ARL [f= (K / ARL 2L R Th ) — 1, i f<0,0 f=0];

(2) classic ARL[ f= (Jli% —ARL ZLME A 4%) , a0k £ <0, MIf=0] (BRME, HA“L
g 2S00 ) N 8] P 210 PR e e 38 o

(3) Robust AR1 [f= (#5i#% —Robust ARLZLME S M) , ik f<0, WIf=0] C(SZEGH)D
SIRS: W PTAHEZE “test sedimentation rate”

VIR /M EERVE AT AR COCO Ao il A PR

DORUH A B KB L BRINE AT e AR COCO Ao B R -

PUALE R R MR PR E 220 A fuin 21 fwax, B3 STEP emikyr 1] B
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[ BN ) Figure 1 [4] Acycle: (Evolutionary) Correlation Coefficient / ()COCO — O x

; : T . Wi
Fil Ed Vie Inse Toc Deskt Wind Hel ~ Select Method

NSdS B K[ AL-
-~ = O coco @eCOCO

Depth (m)

Data

Data Example-WayaoCarnignGR0-rsp0.33-80- L OWESS
0 padding 5000 | 0 padding edge | zero VIZI Flip Depth (y axis)

Periodogram of Data

i Remove red noise model
Show period. Maximum | 4 5459 | Number | 4

Frequency of slices classic AR ([-fred) v

Test sedimentation rate

Minimum 4.29 maximurm 43511 step 0.13074  cmikyr

301 test sed. rates: 4.290, 4.421, 4551, ___, 43.511 cm/kyr

Target: Astronomical cycles
| Middle age of data 230 Ma Max frequency 0.08 kyr
100
© Berger89 solution 41301230950457 360213178
® Laskar04 Solution 40501250950334210199174
(O User-defined period 4051259541 2243 23.7519.18

Correlation method
i O Spearman ® Pearson

Monte Carlo Sliding Window

— eCOCO plot
- = . . n
times SE m Track sed. rates

BB6: BAR P FI4ER HH “Median age of data”. %N IR LT 41 (9 KRB b e aE RS,
RCNE TR (M) .

SBBT: HIrHZE “Target frequency”. HIEREIM 0 cycle/kyr F45 5 F1“MAX
frequency”. X T4ER/NT 250 Ma TR 41, EE UM FERAMH .

XA KT 250 Ma BIVEE 41, MAX frequency BB 50.08. XK % 2 A &

6/NT16 kyr.
SIE8: RICMBYLT R “Astronomical solution” [ &K
A =PRI FE ] e % -
1. Berger89 fi# ik 7% (Berger etal., 1989) ,

2. Laskar 2004 f# vk /5% (Laskar et al., 2004) ,
3. HE IR &R T BB ANEFIENTN R SR .

P RS HAE L TR ] 2235 40 S Mk
http://nm2.rhul.ac.uk/wp-content/uploads/2015/01/Milankovitch.html (Waltham, 2015).
SIR9. MR HE“Correlation method”[BRINE = Pearson]

359810: Monte Carlo BIKEL 41 VKE 1T 21 200-6007K 4L, . 20007 K48, A B 1) 45 5 A,

BT E, 150007 51000077 A5 0045 A Bl 58 4 1) 45
ST, BTEO (m) SHEEKE: G 02507 58K 1135%.
EREKSE (m) = 1EBNAIRE . BROMENRE AT H R 5 45 SRR K 29300 3l & .

-83 -

HFERE


http://nm2.rhul.ac.uk/wp-content/uploads/2015/01/Milankovitch.html

Vilatii: 1

BB12: iE1T AT OK #%4Hl, 7E MatLab/Terminal ¥4 % It AJ DL 7~ Monte Carlo £
PR, R AER— AN HE, WEREMHK RS TA S5 P RETE R
T IRAF A CRAF TR0 L (T DT

4

*-2000sim-1slice-45win-ECOCO-log.txt - # #E1ELK £ - # BFEIY) A - % 1 K/)s - eCOCO -
H sk

*-2000sim-1slice-45win-ECOCO-.Optimal.txt - (7 (&, RETIFLRE, HRRE HO-
SL, #E%, COCO*HO*##h &

*.2000sim-1slice-45win-ECOCO-.data.xlsx - BHEITFLREK, ERE, COCO
B BfEXE HEHFCOCO*HO H Excel U1,

Acycle v2.7

File
gde 08

Ngf' orbital parameters

0 10 20 30 40
(cmkyr)  Sedimentation rate (cm/kyr)

5 10 15 20 25 30 35 40
Sedimentation rate (cm/kyr)

0 2 4 6 EE—— :
* o 02 04 0§ 08 1 12 14 16 18 2
cHO

8 -
s
S
©
~

ECOCO #£R., A 4 RRBRRAENZITEHOMNITERENIRNRE,
“eCOCO Plot” #%4fl: eCOCO £5 R Wor)m, H ' al AAEAT{al i 7] 85 4:eCOCO 45 5,

i BMZMEAZ KKEH?

Zr: —/MER 152 * KA ORE R E DT A — AT g 1. iSRS 512 i
35m ¥ JESH A T 1 (=405 kyr, ~FIUTREZKZ48.6 cm/kyr) , A —452.5m (=35 *
1.5)-70m (= 35* )& 2 LB A& 1) K% 1 eCOCO 240 2R AZ IR TR I 26 (1) 73 #¢

B, /NG LR RETCVESS IR A A .
7). I EIEYIAREFE R 8.6 cm/kyr?
%: W E—/N1ICOCOMZE R
H: HRMEH eCOCO HHisPH] (additional plot) ZH4 R E?
Zre EAEN R A AR 7 R R
rho * HO = rho * (-1 * log10(HO-SL)),

o rho A2 /i eCOCO B H AR IAH G 240 HO-SL 2+l . filtn, ansf—4
HO-SL = 0.003 (or 0.3%), FH. rho *40.5, H84 -1*1og10(0.003) = 2.523, rho * HO = 0.5 * 2.523
=1.26. 1%E|454 eCOCO 1 eHO-SL HIfE S, AR B AETIREZE . 244 )] eCOCO B eHO-
SL RN ANEHHARS, &0 LA B P A TR A B R TR R

. FA eCOCO Ky FliEfE T o

% . i COCO/eCOCO GUI JE#BH eCOCO B4 . E#ME Hh, HA -1, Rk
BB AN AR Y B E.
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FAIRRMA

TimeOptr] LR E 10 5% 1 R3S 5 I B AR bn 2038 2 21 IR B AR DB R (Mleyers, 2015)
ZIhfE 3T Astrochron (https://cran.r-project.org/package=astrochron)fJ TimeOpt R {05, XfF—
A TR IE 2, TimeOpt J7VE MW AR MEFR bR e U ZZiRMR e 2, FH PPl s
25 B A O FR AR 2 TR R — MR R B (Penvotope) o I DI REIL P PFAl B (1) RS (M
OG22 AL HI R R A HE 1) B AR EFR AR 7 5 Z TR 3 AN IR R AL (Ppower) = BRJAS
—MMUEE (rzopt) fEH— MR AN RS Gk rzopt— rzenvolope* rzpowero KH—
B A A4 Monte Carlo fgidnl,  DUAf 52 LI Popt (IS8T 52 1. TimeOpt ik 2% 15 F 7
I Meyers,, 2019, LLJ Astrochron (https://cran.r- project.org/package=astrochron ) »

ﬁ%O: FEVR BEIRFEI [A] PP 31 CRAEFRARL SIS R 24E D .
S RILFP A AL HE 1 11 e B E ks
iﬁﬁl: FESRI BT R, BT R 2RI A ?
MBS BORE AR R A CERIAMEEH 2% 1) .
BBR2: VCE B PR A i P A B R 4 N % 2 PR A SR Y
Wt B4 WOl 7 B B ARG s SRR ARYE La2004 RICHEDT % H 2t 5.
Taner 7 UEB T DL A SR BAOEIAR . R P EEER > 249 Ma, T DUEHER AR

B3 @A THZEWRE] CGBRIN  FE LI W] REA T EE
HBA: WRE AP ER2PRA TR, LT 2R LR B AR

BERS: BHLE N I i AU I R Rt 12 BRI

[ NN ) Acycle: timeOpt
Data: Example-SvalbardPETM-logFe-rsp0.2 Detrend
Tested sedimentation rate

1 © Linear Minimum 26  maximum 22.579. Number 200

Log lest sed. rates of 2.600, 2.700, 2.801, ..., 22.578 crvkyr

2| © Middle age ofdata| 55 Ma

Eccentricity 409.6000 132.1290 124.1212 99.9024 95.2558

Precession 23.0112 21,7872 18.7032 18.5339

3 o Fit to precession modulation short eccentricity modulation

Taner bandpass cut-off frequencies

4 Low 0.0358  High 0.0665  Roll-off 1073

Correlation method o Spearman Pearson

Monte Carlo Simulation

save data
5 number of simulations 2000 TimeOpt
save plot

Ref: Meyers, S.R., 2015. Paleoceanography, doi: 10.1002/2015PA002850
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BEAERAR R

AL TimeOpt 777 (Meyers, 2019) .

SPIRO: TEURFESE RIS (] P51 CREEZAI SN ] BE 7R E4EME) o ik Basic
Series” O “Examples” O “Late Triassic Wayao gamma ray” 0 £ FE7E Acycle 3= L HPAE il N
“Example-WayaoCarnianGRO.txt” ] 3L -

BB ESHE O, WENKIIRER: ki 2R 5 ?

/ME,  ORAE LRI E R AR
BIR2: BB HEFER ECE N i O R A
R B R 7 A B RS SRR La2004 ROCHE L7 2 B 3hit
o
R EAFE RS> 249 Ma, 1] LA E B AT .
SRS PG H T 2R RO, RG] TR TSR
Taner 77 I8 JE AT LA H S AR .

BBA: WEEIE OAIER. BONE DR/ S IR E I 35%. 38 5K & 1R/ 5
L5 - 2% (405-kyrB RMPED BEH 7. BRINRIFRIEE 248K ~200 ME3IE M, X2
A B H RS FE 1Y eTimeOpt 45 5% .

SRS R LUk EANE B & D3 ThRHE L CHEREAE DR RMEREND . Ak
“Flip Y- aX|s”1°E4\ ST y

SBI6: i OK #4kiz 4T eTimeOpt.

[ ] ® Acycle: eTimeOpt
Ref: Meyers, S.R., 2018. Earth-Sci. Rev., doi: 10.1016/j.earscirev.2018.11.015

Data: Example-WayaoCamianGRO-rsp0.33-80-LOWESS Detrend

Test sedimentation rate

1 | © inear Minimum 4 maximum 30  Number 150

Log test sed. rafes of 4.000, 4.174, 4.348, ..., 30.000 crdkyr

Frequency

2 || © Middie age ofdata 240 ~ Ma

Eccentricity 409.6000 130.0317 124.1212 98.6988 95.2558

Precession 20.7919 19.7874 17.1740 17.0667

3 O Fitto precession modulation short eccentricity modulation
Taner bandpass cut-off frequencies

Low 0.0392 High 0.0729 Roll-off 1043

Correlation method © spearman Pearson

Sliding Window
a4 o 2D Plot ¥ Normalize window
65 Step 1.5

BL% eTimeOpt Hirth, %444 LA #TH MatLab BEJE SO

ExampIe-WavaoCarnianGRO-rspO33-80-LOWESS-65mwin4308AR-eT|meOpt.AC.ﬁ_q

Example-WayaoCarnianGRO-rsp0.33-80-LOWESS-65mwin-4-30SAR-e TimeOpt.fig
Example-WayaoCarnianGR0-rsp0.33-80-LOWESS..ixt
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o0 e
File Edit View Insert Tools Desktop Window Help

DEdde b RNV LA-3 0E @

Figure 1

-40
-50
-60
-70
-80
-80

, Dopth (m)

10 15

5 10 15 20 25 20 25
Sedimentation rate (cm/kyr)

Sedimentation rate (cm/yr)

RETE A
AThRek H Sinnesael et al. (2018) ¥ Manual for the Spectral Moments.
i 'Spectral Moments' ()& SCRAT 42

Ze WEUE LR, FEOR R AR E R B, TEJ)S, IR DLREA R G b = 1 4y
Ao FEGUTHEF, QSRS DR BEREE . flan, W THHRNESs A, aTRUEEE F
) E (R SEREFALE M. AR, BATRIE RS N T S oA (R
AHFEH I AED

s AZTTIEAE L PR R AT 2 A e SEBL A E?

AT AT R A S & D7 R Lk ERIESE (A PR — — B aE A v
— B o R B RAE A R I ORI . AEIXE, JRATMEH R SR R0 A AR
DNRETE R R E B T AR AT . SRS KX AN & R 2 — € (B R@ I F AT 15 B B B
WHRIARRE, NEMHESFEMINEES X A ICREAT R . Ol R Tid s S 5 1L,
TP T ARG SRMAAEAE R . BATEIRME 7 —Fhik$t, RIFEMRBEE —idx br CR30O B2
o T AW DIBUE R S B, W DCR D GIE AR il R EAARAGiE s, JFrlie ek L S —%F
SER (IR 8 MG

Y Va1

HAEEK:
ek g Al
WIS I G E s AN R 3 SRR ), BRATTEE AR AT F T v 2 i AT 4
|®® @ Acycle: Spectral Moments
File Data
cde 08& Example-WayaoCarnianGRO-rsp0.3-65-LOWESS
- i +90.3.65-LOWESS o
\
|5ooi» ‘ Settings = ] [ i S RmeJ optional
1000 Window
8 sou! | | e 03 [Mem sed. rate 85 em/kvr]
s I | |
S 0;, . V.'f ’;”"Ir" \ ‘,}I" "i“ HV A u Zor> pacding 733 Smodth model Polynomial
| / o ‘1 4
500‘ Rd Slnnasaal M Zivanovic, M., De Vieeschouwer, D., &Claws P (2018) Spectral murnants in m/dus!raigmhy
T e o iz ’°° °° ® 0 ® o s i ksl St -

?%1%FMWmIﬁE¢ﬁ%ﬁﬁmﬁmwﬁﬁﬁ(ﬂmmw

&£ “Time Series”

BIR2:
SE3: WEHEF:

— “Spectral Moments” T.H.,
ZIRERERTHE P B i AT AN ZE o s &S B o e T U R B)

&M RN E e S/, XA BE S SEOY PUmTTAE R R G T (Fla, H— A

BIAE b B M S A7 ARSI

LEIATER A

“zero” (750D . “mirror” (I (1 P i
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) . “mean” CEIEEMFEIME) Fl“random” (FEALED

PB4 IR/ v CLE405-kyr JE HIAH G K 1-265 . Bilan, anS-PapilEidsR (&
T COCO/TimeOpt) 98.5 cm/kyr, 405 kyr Jig[al n] LAX) W.34.4 mo 3X BLAFH T 45m (15 .

KT PHIHEHFLLELE . 7 EHFENIESRE, FNTZ Sinnesael et al. 72016 44 K 7F
(Geoscientific Model Development ) _/:/#7“2.3 Practical considerations” — 77~ https://www.geosci-
model-dev.net/9/3517/2016/gmd-9- 3517-2016.html

HERE: IbE. BRMEAREEE.
HIR6: THIT: BMEANE D MTETE (BOMEER L)

BBRT: A UIRER 238 AR TRAXNTFEE R YOC R F AR 0 TR R .
LR PR R R O S B B AT

]z 2T AE D PR ?
& LU COCO AITimeOpt 7747572 (- H1 PRk 3.,

S PR AR 2R, SEIEiE S mAES (ERBR
S o HAhik TR 4% MatLab ) LOWESS, rLOWESS, LOESS LA rLOESS J77%.

BE,I: OK. miili OK IZHUEAT A . a0 AR A HT A0 o, X PTRE RG22 Lo
(HZBEFHE .
0.7
06} 2. B
= —-—-B
3
B o B trend
3] P
3 I
0.4 |
g ]
303 E— - ..,;\J':‘..,__ » ‘n"'
o y
0.2
0.1 - * - ;
-180 160 140 120 100 -80 -60 -40 -20 0
unit
12
1
=
o 9
[
58
®
7
6 1 1 1 1 I
-180 -160 -140 -120 -100 -80 -60 -40 -20 0
Depth (m)
F: #4341 Wayao GR H#s 13t 46

TEER T UREZM 11 cm/kyr 2] 6 cm/kyr 381k, 35X 54 F PR E AL AR ¢ R 3L
(eCOCO) »— 7] eCOCO A= B iyt AR ik 2 & AH Y .
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4.8 FEBh

SCAJTE F 1k (language)
SREMEE . BT RIE.
ACBGAIE 7 RSO E SCRRAS . FEAh i 25 0 A OB R AT B 0 . LA

X E R
R a8
Deutsch
Espanol
Frangais
ltaliano
Nederlands
rumunski
Polski
Portugués ‘
Portugués do Brasil
Pycckuin
Turk
Select language yKpaiHcbKa
fe&
e
PEE
OK Jieet
gkl

[ ] ® Acycle: Language

(]

English

C RS
SN SR H S SR A SO

REDRE 1]
7 CFHP R D) 2 Bk
https://acycle.org/manual/

RIHTh
Yy ) AT 93t i) LT 4K Acycle BCPF B 3 B8 R D
https://acycle.org/downloads/

https://github.com/mingsongli/Acycle
AL B

7 FROBLE B
BERTRAT
i 18] mingsongli.com
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4.9 /PHLEEAN

XA TAATAEEGARI ICE N B 33T — 2 TAF.

2 AE Acycle & L fE— NS G2 W3.6HIBER) -
0P /LS N EHL

=2 BESH, R“OK™ %4

@] @ Mini-Robot

Prepare Data

Remove NaN Remove Empty Sort Unique

Interpolation

Yes mean

Detrending
Yes lowess B Window size: B %

Spectral Analysis

: A~ Max .
Yes  Multi-taper 2 Froquency 1.4148 red noise
Evolutionary spectral Wavelet
Yes Sliding window = 61.6 Yes Period from 0.706: to 176
Settings
s BN Pause 0.5  second Save data -

ERHAT:

L s —— R m i il RBREE, BaRHE GETHE 4D . ZBRERN
WM (“LE”, BHONENTEED .

2. 4fME 8 A/ B BB B IMET T B 2 SURRBRER

3. Kl A E XS R K@Y GRIMEN35% LOWESS) .

4. DhEEHT: RoR B PIE; HiLIEE T robust AR(L)ZLMEREAY, i I Hoisk AT
B AL G 225% BT FOAE -

5. WALFFT: IR EahE M.

6. /INBAR e AR P B SO G
7. RAF4S

8. 1 FR TN IR S B F0.5%) .
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5. DYNOT % i B

Li et al. (2018a) /& J 24118 1 i 7 HI 5085 e i F2E, BT IR IG b il R 1950
IR E (G S ML IE1GE (IR XIS TIRIGS ) Ja 95T IR 351 DYNOT M2,
DYNOT AZ i 5~ N7 [T \ag-1 H K AEE pl FIHI#H 7, BN F 4T 15
TG A2 . DYNOT Al pl PR 2 1.4 F7 774 /9 ODP Site 1119 GR #
TG L5 TN [ 7 Z05-F IR 26 R, tE ] T 0P 2 2B 1 5

5.1 H Ik
DYNOT MZHIE# (SLfF*.csv FI*.ixt #2017 )
KR 4
K. mx 2 % A2 A B B B
EARIIP ) 1] % BANL AN Ka;
24 el
.

#1e ARV B X 50 T /o o R 7 AR TR R A 5 Y M 5 UK
#2: XPECRE AT EEE . AR R BRI A S (HIHE .
#3: NZMERARAE -

#4: I PRI 8] e SR AT A 2

5.2 Ja3)
1. 7£ Acycle ==& 1 Bty BRUbR /o IR 3 — N Hidls B ST A
2. i FE“Timeseries”-“Sedimentary Noise Model”-“DYNOT”.
3. DYNOT i R i (2D k.

Dynamic noise after orbital tuning (DYNOT) Sedimentary Noise Model >

Lag-1 autocorrelation coefficient (p1)

CAarvalatinn CAaaffiriant

K1, DYNOT A 7f) MatLab T.AE[X
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‘e @ Acycle: Sedimentary Noise Model - DYNOT
File Help
B BB SN0 Y08

Data DYNOT

DYnamic Noise after Orbital Tuning (DYNOT) sea-level model

(Li et al., 2018 Nature Communications, 9: doi: 10.1038/s41467-018-03454-y)

Interpolation Data
Cut data 176 to 0 Cut [ ! J \ : ¢ ! J ‘
Samole rate 0.1 to 0.5 ka N
Monte Carlo Simulation Settings 2500 |
Windows from 300 to 500 ka |
y 2000 t 1 |
Time-halfbandwidth product: 2 ol 2 || i } ‘
Zero-padding 1000 Stp 5 ka i L i Al V¥ | (1o [
Number of Monte Carlo Simulations 1000 | ol \ | Wl | “ | |
. | \ | \
Frequency 1000 | y " W W AV
L L
© Middie age of data 00 Ma 27 £57s 5 E 7 s 2
Type target orbital cycles (space delimited, ka)
405.0 125.0 95.0 409 23.6 22.3 19.1
3 DYNOT
Frequency ranges: +/- 09 to 12 xbandwidth 2850 Sample rates ;

Cutoff frequencies: 0.001 to 1 cycles/kyr

Plot
Confidanca lavels Median 50%
68% 80% 90% 95%
Interpolation number 1000  Shiftplotgrids 15
Process
Numer of physical core will be used 4
The first 50 iterations to estimate process time

Press "CTRL" + "X to cease the process;
May type the following script to quite the
parallel comouting: delete(aco('nocreate'))

K2. DYNOT#Z Y

4. ¥t Date ready HNZE U B *.txt 8L *.csv TR N SR

7 DYNOT 3z8rr. % File” a “Import Data (*.txt, *.csv)” aik #4dE Gix
“1119_gr 1400de_finetuned.txt”8“1119 gr 1400de finetuned.csv’) asidi“Open”.

[ NON )
B o

Import data (*.csv, *.txt) = |

Data DYNOS

Fig. 3. Load data to DYNOT model.

5.3 E

HE: WA ETHRE
: KEBRE . HEITHRBEZ 2.
s E . UEE T EHIGH FETT

5.3.0. 5.7 Date ready C(i%4ll) F5%dE in# 3] DYNOT #ifd ek,

-92-

Vil ati-1:7]



Acycle v2.7 Y ilati-1:7]

BILEIYIMIE () « HWE SSRGS A S, DA S A
1B E . BN Kao WIARIEAEIEBEA R AR R R, R TR NSRRI A
i Cut #4.

BB2 KA (Wik) . /R T 90% FEACKAERIY— RICRAR (At gt
HE 200 o AL kao RFIEAT H RGN SRR D 5 D) Rk o i) 2
B L (MTMD R A ZUEAT B RAE . TR AR 4R (1IN (R R A 2 0
BRTE, REESSAN. KMk, {EDYNOTHIRI A, SR EA /K 4 Ai K itk
AT REEZ AT AR EE T o T 38 G JAT 7R 53 A1 S A AR A B s
AYISEBRIRFESE, AT B K 1) 55580 58954 1 4 (0 ) R AFE 2 A A BRIA
{6, B AR BB 2R 3 AT KR 3R R BR AN R

B o xS E TS A TR . DU R A S K (<< BB
WKE) o BAE Ka
DYNOT 84 o [ AN [A] 123 AR Al R ma 4 5
(1) BHRE D673 DYNOT BRI 4 Rg5 %, NE O BT KL, Ne=
Noata — Window + 1, Hrft Nr 2GR DYNOT {H %, Noata /2 0 50 1
Mo S e, I B window S {E FH KIS AT 5 1
(2) DYNOT HAUE A /NHIE AT & H s oy e e By, ARARSAUR 1y 22 ML U 22 1)
IOk, 39N T AEBE S S HA T A e
HA/NSATHE D1 DYNOT BALLIEIN T MTM Thae ity 56 (RIRRAR 1 4905 45 #%
R . RS EHYREFEAL N0 ~ 1004 R, BI5 ~ 3gZEF, Kk
DY NOTHEAUN K H AT 5 sl e (i 1) % 1 (1401300 ~ 500 kyr. 400 kyrak

BED .
B34 [F]-7 SRR AN (A7) - M R ECRHRER P21 . SRk 2, 512,
3, 712, 4.

535/t E () « FIHE7A, %1U1000.

5.36.H % (7 « AT IHEIEK; BIMEA S Ka.

BIOR =2  R PUM: BRIA1000. 1T B AT 10083000 — Y sbig 4T . Al TS0 AR
(1) {EL 477 K T-5000.

B 7 5 RS . A (Ma) FRAERS S T T 115.3.9 1 g H bt A .

A LA FH5.3.8 8% 5.3.9 Skt E DYNOT # 24 H AR 3.

BBl 1 ) CFfirka) o 6N KOE (405) L AR (125F0
95) . RlF (4098 4) . ¥ (23.6. 22.3M19.180H5) o XHR T S2br
R (IL7.8) . 5405, 125F195 kyrfH HABE R 18] A48 . 1 i Yao et al.(2015) 3
TLa2004 KRR (Laskar etal., 2004) [IiHE 45 RE, &%= 41-0.0332%4F
W 2 1=23.75-0.0121*4E#y; 7% 2 =22.43-0.0121*4E#; % % 3=19.18-
0.0079*4E#% .
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Data DYNOS " . .
0 Data o 19207 TS 5e 18 DYnamic Non-Orbital Signal (DYNOS)
Interpolation Data m
Cut data 4295 1o 13993 Cut
1
n Sample rates 0204 10 1,68 ka 2 | | ’ |
" \ ,' ” ,,a
nte Carlo Simulation Settings n " ' b\ | ¥ ‘
Windows from 300 to 500 ka 90 “ [ ‘ " '
Y
Time-halibandwidth product 2 to 2 |
Zero-padding 1000 Step 5 ka n L I
Number of Monte Carlo Simulations 1000 70 .‘
Frequency 60

u © Age of the time series 0.0 Ma
n Type target orbital cycles (space delimited, ka)

105.0 125.0 85.0 40.9 236 22.3 19.1
DYNOS

ra
mquuency ranges: +/- 0.9 to 1.2 xbandwidth 1200 ~m T T ~— .
nulo" frequencies 0.001 to 1 cycles/ka
1000 -
Plot 800
monlidence levels Median 50%
68% 80% 90% 95% 800 |-
terpolation 1000 Shift plot grids 15 m
13 pota 5
Process
Numer of physical core will be used 4 m 200 |-
ml’he first 50 i to i [ time
Press "CTRL" + "X" to cease the process; May 0_5 "o 5 10 15
m type the following script to quite parallel
puting if r Y: gep(' bl

Kl4. DYNOT BA! ) S50 i B
HE: MBI E TR,
: KIERE . TR k2.
: AR E . BUMEEH T AEZHGH FEiT
B.340/47 % il (FTiL) : Lietal.(2018a) & L HIAEBUIEE S L, AR R A

AR OR . FERS ZE55 77 ZR 8, BATSCS MR, B
UL AR F 7 £90% F+120% 7 % 3 51 43 4h o /\EF'H??E (bw) %5+
nw/window, T nw 2 2 ECKARER 7 41 B[] -A7 95 3 AN, window 21847 & .

BRI 4% (i) mtéﬁ%a@émﬁ%wa (>0) Ffhiil i Z st
B IR (<Nyquisthiiz) .

BIBMIZIE =X 1] (A[ik) « BRI S5 DYNOT 45 5L v SrSoR B 41X i) (45,
50%. 68%. 80%. 90% Hl 95%) .

BBMBIAE (Tik) : 7E5.3.31, NriNaaaffllLEi/N, S8 DYNOT 44 51T 44
B R R B Te B S . Dy 1 i A () 3 AT B U 1 24 AR A
i MEIAR EVE, DYNOT B N, FEHLAR I L] 7 — e [ — (]
U R UOEAR R 25 B, G R 7 A= 22 B /N T 2xwindow I AH X T 1
DYNOT i%. XHEX}F DYNOT #%, 10002 25411,
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5.3.14% 52 KMk (a/t) : R W5.3.13, ERINE N15. ] LUf# F 15-30 LA 3K
S U DYNOT i [ a8 Fn 45 ok o
5315V (/) « KZHEAL CPU IV FRAZEL

5.3.16.f B IS AR ] AT FEEL (PJa) = N TAHSE DYNOT BB HFERS (8], 1ZBIALE
AT TR . BRIME NS0,

5317 X 2. AT AT IHERT, 5% Cul>+“C {51k DYNOT #tfE. 7EHAT
THEE R, fZeCcul X 1 DYNOT #if2. EulaeEEE A% Db
AN UL ARG OB AR AT HAT 5
delete(gep(‘nocreate’))

5.3.18. i f A iE AT AR Y
5319 —M&E L S Edh 4.
5.3.20. — & M B B LN KA R e R 1 DYNOT .

5.4 34T DYNOT &

Fiiy Let's go %4117 DYNOT A . fEfrS & L, RS fbih s T (el

16:21:20 Begin the process ...
16:22:54 First 50 iterations suggest: remain >=0h:7m:27sec
% BB AT I TS0 UGE ARG T SIS AT I R RF 2L 97 70 278D . SKPRIGAT I
() A] BE I A I A 100 1) L8
Starting parallel pool (parpool) using the 'local’ profile ... connected to 4 workers.
16:23:07 Current iteration takes 1.11 seconds
16:23:08 Current iteration takes 1.21 seconds
16:23:15 Current iteration takes 1.19 seconds
16:26:26 Current iteration takes 1.38 seconds
% FFUA FHAT T I B R B R AR ]
Parallel pool using the ‘local’ profile is shutting down.
>> Done. % 1% 1L HFAT HH R IF 75 DYNOT 455 (Kl 5)
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e e
File Help
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Data DYNOS
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Cut data 4208 ‘o 13993 cut
Sample rates 0204 o 168 ka
Monte Carlo Simulation Settings
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68% B0% 0% 95%
Interpolation 1000 Shift plot grids 15
Process
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Thetist 50  Nineraries 1o estimala process tme

Press "CTRL" + "X" 10 cease the process; May
vyp-rha following script to quite paraliel
M

5. ODP #£1119f]0-1.4 Mafll & 52 ) DYNOT i [ #= 7Y

5.5 i ek

10}
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DYNOS sea-level model (v0.1)
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W

\h"“‘
| | | |

DYNOS

045 -

1247 DYNOT BEALfE, M 1) A (B RD 4t 1) B 0 B0k SR AT R SCAR S A
GUI ZH (] 6) T T
#1: 4 MatLab-fig fr 1724 Jyplots_.fig” ) TAF Hx .
2 PDF SCAEARAEAE 4 R-plots_.pdf ) TAE H 3¢ .
#3: EHTE H it R DYNOT 3.

#2: K%

#4: F DYNOT (¥4 H B G- A7 75 44 Jv*“result_handles.mat i) T./E H & H

ER: BRI BR, BB SCR 5E -

® ©
File Help

o P A0 R0E

i
1234
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6. ®HI1¥X
Jie [B] 3t J= 2 3 A B S RUD IR

https://github.com/mingsongli/Acycle/wiki#typical-procedures
FIH Acycle A SUFEEHE 7 ) B E R K U E S, BIELLTPIE:

F P25 LA Acycle #2257 114 A\ A Uk 4 N ¥ -

R AR BHE v R 5 ZEHE T MHIBR 2B SR 22 A E P 35 20 FC A [R] R (B [0 o

O HE AL B G — (PR AE B B8 o

2T S DB

BETE 0 AT FH TR0 = SR o g 2 2 A 0 2 B it vh RE A% 5 B s s i

g g RS D R

6. F P ATRe TR B AT AL EE TS 0 AT, DB B EE R R4 B2 A8k

7. BLFAHOC R EEBR A T BT S, R IO ERE T AR AR K 22 R 4 A A e
M E &

8. MR ZEE 7 A BRI K GhE R MBI SR, Al DLf#
FHUED TR Ay B RE 8 B AT

9. HuEHIEFH A LUE T Acycle i «Age Scale” %, ARYE eI b e H )R
S B AT ORI

10. Z AR AL T H A TR R R R E S, B, S a ok

(10300 2536 5 57 b J2 50 1 AR e o 7Y

o > ke

H3-10L W HARKERS, 252-6:0 7T LUl Acycle /LA N H 3l 58 .

F—U: Acycle ZU1ERE A 5 Wi #E,
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( (1) Raw Data (*.txt file) I
> I:l operation

Y

“Plot" D input/output
<> condition

"Plot” -> "Sampling Rate"

| (2) "Sort/Unique/Remove-empty"

(3) Interpolation?

\ 4

Lomb-Scargle Periodogram /

I Uniform Sampling Rate Data l‘i

Zero Mean?

f (4) Detrending ;

Detrended Data

Conventional? / (7) Correlation Coefficient (COCO) /

Y

evolutionary COCO

/ (5) Power Spectral Analysis /

/ (6) Evolutionary Spectral Analysis /

Y
f Wavelet Analysis ;
¥

| Optimal sedimentation rate |

v

| Recognition of orbital cycles |

TimeOpt

A

eTimeOpt

/(B) "Filtering™: isolate orbital cycles/
"Build Age Model"

ﬁ/ (9) Astronomical Tuning ("Age Scale”) MUD) Sedimentary Noise Mode\/
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~pl#1: HRE
4. i$% 200 56 H 22 H 65°N (1 H &
4% 0-2000 Ka
fBbs: HEE

H A5
5t 220075 A 32 2 H I A 3

TA:
Acycle 44 (https://github.com/mingsongli/acycle)

BTN

Berger A.L., 1978. A simple algorithm to compute long term variations of daily or
monthly insolation. Contribution No. 18, Institut d’ Astronomie et de Géophysique
Georges Lemaitre, Université Catholique de Louvain, Louvain-la-Neuve, Belgique,
17 p.

Laskar, J., Robutel, P., Joutel, F., Gastineau, M., Correia, A.C.M., Levrard, B., 2004. A
long-term numerical solution for the insolation quantities of the Earth. Astronomy &
Astrophysics 428, 261-285.

BB TEEE

@ @ Acycle v0.3.1

File Edit Plot Math Timeseries Help
Insolation #1 Gl E
Astronomical Solution 882

/Usersimingsor  LR04 Stack #84
Sine Wave
'1.262XRF-Fe.txt White Noise

Red Noise 83
Examples > Mauna Loa CO2 monthly mean

Insolation 0-2Ma 65N Jun22
La2004 0-2Ma ETP

Red Noise rho=0.7 2000 points

S

TR AT 2 LA N HE AT R
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I'E;(;rhr;slé-Ihgé‘i:i-o-2000ka-day—80—lat—65-meandaily—La04.txt
[ NN Figure 1
File
dde RO 0

Y Va1

210 Example-lnsol-t-o-zoooka-day-ao-lat-ss-meandally-LaM.txt
< 200
§ l \ ' \‘ '
= 190 4 “ \ I «H \ ] \Hu | H \' “ || |"‘
= (At ; n M | l~ i \/‘ i \|| ‘ﬂ M M ‘WM U in
S Il l J'mw !f IM ll Al (1% VI
51*30[' | \wl‘\ l \J W { | (l H ‘h I|l| ‘,x \“H M\‘uw ’| MF
170 ”
160 1 1 1 I | 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (kyr)
BIR2: BRI
[ ] @® Sort, Unique...
Sort data in ascending order?
1
K ) Ac
ycle v0.3.1
File Edit Plot Basic Series JYFIUM Timeseries Help SR e e TR
— 0
Sort/Unique/Delete-empty U
' & Select Parts S I
0
/Users/mingsongli/Dropbox/Acycl Merge Series
Apply to ALL
" Add Gaps Dpp'y
1262XRF-Fe.txt 1 Remove Parts
EEn R EAEEEd Remove Peaks | OK Cancel
[ al | OO PR

HFEBEEA R IETHF RS, X BB 26 T EXH R AT HE
s T =k
FB H R EHIE 75T .

[ NN Acycle v0.3.1
File Edit Plot BasicSeries Math BEHGESEEN Help
s Detrending #T
B Pre-whitening B
/Jsers/mingsongli/Dropbox/Acycle/case Spectral Analysis 385
: Evolutionary Spectral Analysis #BE
1 262XRF-Fe.tat Wavelet transform
Example-Insol-t-0-2000ka-day-80-lat-65-meandz i g
Example-Insol-t-0-2000ka-day-80-lat-65-meand: ~ Filtering BF

Example-Insol-+-0-2000ka-day-80-lat-65-meande AMPplitude Modulation
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: ® 4 Figure 1
ile
Detrending gdde AKKOL®LE 08
Window 700 OR 35 % . Raw data & trend
Kl T | i ——— Mean (Thick biac)
Polynomial fit 200 -
LOWESS 1
LLOWESS 1 order (Linear) ‘ ‘ |
LOESS 2 order 190 ‘! ‘ I : | } n 1
rLOESS ® | | Il |
3 order éws AL A A il I| ‘
=| :"* fim \wwr ! :“‘ !
Select Al Clear Al “ 2 o ) | ’ (TR (O ‘ \
0
Select & Save detrending Model '
170 -
[ Mean (Thick black) < ]3 o J
0 2(‘!) 400 660 84‘30 IOI(X') 12‘00 ‘4‘00 18‘00 18‘00 2000
Time (kyr)
ks 135
1262XRF-Fe.txt detrended data

le-Insol-t-0-2000ka-day-80-lat-65-meandaily-La04-so-demean.txt

Example-Insol-t-0-2000ka-day-80-lat-65-meandaily-La04-so-mean.txt
Example-Insol-t-0-2000ka-day-80-lat-65-meandaily-La04-so.txt N mean
Example-Insol--0-2000ka-day-80-lat-65-meandaily-La04.txt .

raw
B4 BRI ST
[ NN Acycle v0.3.1
File Edit Plot BasicSeries Math JUEGEHIICEE Help
o (1 ‘ ‘ | Detrending BT
- V- = Pre-whitening >
/Users/mingsongli/Dropbox/Acycle/case Spectral Analysis / 385

Evolutionary Spectral Analysis #E

1262XRF-Fe.ixt 1: detrended data wavelet transform

Example-Insol-t-0-2000ka-day-80-lat-65-meand4

Example-Insol-t-0-2000ka-day-80-lat-65-meandz ~ Filtering BF
Example-Insol-t-0-2000ka-day-80-lat-65-meandz . .
Example-Insol-t-0-2000ka-day-80-lat-65-meandz 'f‘"_‘_p_l 'Fu de_ Mo_d u lation

fEFH AT S Hs A
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‘® ® Acycle: Spectral Analysis ® © @ Figure 1: Example-Insol-t-0-2000ka-day-80-lat-65-meandaily-La...
File
gdde A9 L 0E

Select method Multi-taper method

Method Plot: max frequency & Y F Y E— 27 MTM method ; Sampling rate=1kyr
Num. tapers 2 o X:0.04218 [ Power
Nyquist 05 2500 Y:2368 ’
Zeropadding 5 x i
© Input 0.1 2000
© 2001 X
Sednoles LinearY = LogY '
1000
Robust AR(1)
Classical AR(1) 500
Run Run & Save
0

0 001 002 003 004 005 006 007 008 009 01
Frequency (cycles/kyr)

21 (@Num.tapers) MTM (£ & L) ThERE ) = AN {E /£ 1/0.04218 = 23.7
kyr, 1/0.04468 = 22.4 kyr, 1/0.05267 = 19.0 kyr.

HIS: WALRERE AT

00 Acycle v0.3.1
File Edit Plot BasicSeries Math mZHelp

Detrending ®T

fk: Pre-whitening b
/Users/mingsongli/Dropbox/Acycle/case Spectral Analysis 385
Evolutionary Spectral Analysis 3E

1262XRF-Fe ixt Wavelet transform

Example-Insol-t-0-2000ka-da

Example-Insol-t-0-2000ka-day-80-lat-65-meand: ~ Filtering BF
'‘'® @ Acycle: Evolutionary Spectral Analysis
Select method Fast Fourier transform (LAH)
Input for Evolutive FFT
Plot: Maximum Frequency Step Sliding Window
Freq. min. 0 2 Tips 400
Use Nyquist 05
®  Use Input 0.1 kyr Unit Tips
Plot-dimension Colormap
Normalize each window
O 3D Flip Y-axis default
Rotation Log(frequency) Grid #
Log(power)
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® @ Figure 1: Example-Insol-t-0-2000ka-day-80-lat-65-meandaily-La04-so.txt:...
File

dde RRAO9E 0E

[ 2000
- 1800

400
- 1600

600
1400

800

%,m 405-kyr
F modulation

1400
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Vil ati-1:7]
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211405-kyr i fil 1 Ji 3 .
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B #2: La2004 KRR (ETP)
B i E2MyrftLa2004 ETPE#
£4R: 0-2000 ka
MRETP:
Laskar et al. (2004) fT-fi: % (Eccentricity) , &} (Tilt [obliquity]) 1% % (Precession
) IR SCHR, B ARYE W T 7 W EETP:
ETP = br#EALINE + FRiEALIOT - brdEALIIP
, HAFRUEALIIE = (E-ERIIME) [ ERIFRMHEZ (RIB A HE AR ML TAIP)

H#p:
ETPF A 3= SH%R

TH:
Acycle ¥4 Chttps://github.com/mingsongli/acycle )

S WA -

Laskar, J., Robutel, P., Joutel, F., Gastineau, M., Correia, A.C.M., Levrard, B., 2004. A
long-term numerical solution for the insolation quantities of the Earth. Astronomy &
Astrophysics 428, 261-285.

PR TEREE
[ NON ) Acycle v0.3.1
File Edit Plot BEESEEIESN Math Timeseries Help
Insolation' ‘ 81 kyr
| Astronomical Solution 382
/Users/mingsor ~ LRO4 Stack B
Sine Wave
1262XRF-Fe.ixt : :
Example-Insol-t-0-20I White NOIse ymean.ixt
Example-Insol-+-0-200 Red Noise 83 eantxt

|Example-Insol-t-0-20!
Examples Mauna Loa CO2 monthly mean
Insolation 0-2Ma 65N Jun22
La2004 0-2Ma ETP
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| NON Figure 1
File
Sdde RO ®E 0O0EH
o Example-La2004-1E.5T-1P-0-2000.txt
! |
4 | ‘
I | | f "“ M
oy r( !rJ ' “‘H ' ‘\\”‘1” I "\ “'u w‘l
bl \ | | ‘ ; H | f
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B2 FETAE
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o0 e
File Edit

Acycle v1

Plot Basic Series
g
Interpolation

e
/Jsers/mingsongli/Dropbox/Acycl Select Parts

Merge Series
|AcycleDemo

Example-Guandao2AnisianGR.txt Add Gaps
Example-H1 Remove Parts

Example-HiRISE-PSP_002733_1880_

Example-Insol-+-0-2000ka-day-80-lat6 Remove Peaks

|Example-La2004-1E.5T-1P-0-2000-20'  Clipping
Example-La2004-1E.5T-1P-0-2000-s0-
Example-La2004-1E.5T-1P-0-2000-so- =
\Example-La2004-1E.5T-1P-0-2000-s0. SMoothing

|Example-La2004-1E.5T-1P-0-2000.txt
|Example-LateTriassicNewarkDepthRar

Changepoint

W3 HEaH
K H IR A EE .

eone
File Edit Plot BasicSeries Math

- Users/mingsongli/Dropbox/Acycle/test

AcycleDemo

Example-Guandao2AnisianGR.ixt

Example-H1
Example-HiRISE-PSP_002733_1880_RED.jpg
Example-Insol-t-0-2000ka-day-80-lat-65-meandz
Example-La2004-1E.5T-1P-0-2000-20%-median
Example-La2004-1E.5T-1P-0-2000-so-demean.t
Example-La2004-1E.5T-1P-0-2000-so-mean.txt
Example-La2004-1E.5T-1P-0-2000-s0.txt
Example-La2004-1E.5T-1P-0-2000.txt

"EIGM Timeseries Help
Teo B Sort/Unique/Delete-empty 38U - !

B, BATE e H 2R AT Y

[ ] @ Sort, Unique...

Sort data in ascending order?

.0

38| Unigue values in data?
0
Remove empty row?
0
Apply to ALL
0
|
ECE—— _OK ) [ Cancel
Acycle v1.0
Timeseries [zlEls) 2
Detrending #ET
Pre-whitening >
Spectral Analysis 8S
Evolutionary Spectral Analysis #E
Wavelet transform
Filtering *F

Amplitude Modulation
Build Age Model

Age Scale I
Sed. Rate to Aae Madel
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0 200 400 600 800 | Example-La2004-1E.51-1P-0-2000-demean bt =5 -
Example-La2004-1E.5T-1P-0-2000-mean.xt <ié'trend ed
Example-La2004-1E ST-1P-0-2000t » 1o
® ® Figure1 3
File
gdde AKKO®9LE 0 & Detrending
s Window 700 OR 35 %
R | LI i
4 Polynomial fit
LOWESS
A 1
IEOWESS 1 order (Linear)
2l | LOESS 2 order
2 h ’ rLOESS 3 lorder
1L
3 ‘ ‘
L mll- N sean e (I | 2
TN \
‘ il Select & Save detrending Model
20 N
[ Mean (Thick black) S ]4

B4 BT

AT &
2n(@Num.tapers) MTM (multi-taper method) A& 1% H (174643 531 9405 kyr, 125
kyr, 95kyr, 41kyr, 23.7 kyr, 22.4kyr, #119.0 kyr.

| NON Acycle: Spectral Analysis
Select method Multi-taper method
~Method Plot: max frequency & Y
Num. tapers 2 )
Nyquist 05
Zeropadding 5  x
© Input .08

© 2001

Red noise Linear Y Log Y

Robust AR(1)

Classical AR(1)
Run Run & Save
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SIR5:

Y Va1

& e Figure 2: Example-La2004-1E.5T-1P-0-2000-so-demean.txt 2pi MTM
File Edit View Insert Tools Desktop Window Help
DEade h AKKODIRA- S 0E @D ~
i ZnMT’I ,m‘c-1m
: Power
I bw

HALRETE BT

File Edit Math

Plot Basic Series

‘ et ‘

/Users/mingsongli/Dropbox/Acycle/case
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Example-Insol-t-0-2000ka-day-80-lat-65-meandz
Example-Insol-t-0-2000ka-day-80-lat-65-meandz
Example-Insol-t-0-2000ka-day-80-I4t-65-meandz
Example-Insol-t-0-2000ka-day-80-lat-65-meandé
Example-La2004-1E.5T-1P-0-2000-demean.ixt

Example-La2004-1E.5T-1P-0-2000-mean.ixt
Example-La2004-1E.5T-1P-0-2000.xt

Select method
Input for Evolutive FFT

Plot: Maximum Frequency

Freq. min.
Use Nyquist

®  Use Input

Plot-dimension

[« B} 3D

Rotation
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Timeseries gl S
Detrending #T
Pre-whitening >

Spectral Analysis #S
Evolutionary Spectral Analysis 3E

Wavelet transform

Filtering #F
Amplitude Modulation
Build Age Model
D W
Acycle: Evolutionary Spectral Analysis
Fast Fourier transform (LAH)
Step Sliding Window
0 2 Tips 400
0.5
0.1 kyr Unit Tips
Colormap
Normalize each window
Flip Y-axis default
Log(frequency) Grid #
Log(power)



Acycle v2.7 Vilati-1-7

® ® Figure 2: Example-La2004-1E.5T-1P-0-2000-demean.txt: Running Periodogram ‘
File
dde ARKRO9EL 0E
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[ JON ) Acycle v1.0 ‘@ @® 1D Wavelet tr...
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T Detrending 8T 10

= Pre-whitening > e oas 1o 0on
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Wavelet transform 1
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Example-Insol-t-0-2000ka-day-80-lat-65-meandz

\Example-La2004-1E.5T-1P-0-2000-20%-median  Build Age Model
Example-La2004-1E.5T-1P-0-2000-so-demean.{] OK Cancel
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‘o0 e@ Figure 3
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HFERE

4 #3: Carnian JeEFH R %
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HIE . AR 51N bu i i
FR: PREW

B TR ICE B ROR T 2 E RIS Hok 8 B AR URRE, SOt T A1
FAXSURAAE -

FEAR: IXUETRIERUM B RN S S 2R, N S S 2R R BBy, R T RS - B
BAw: R S nli 2 o i AR i Bl A B R

TH:
Acycle #f4 (https://github.com/mingsongli/acycle )

PN

Zhang, Y., Li, M., Ogg, J.G., Montgomery, P., Huang, C., Chen, Z.-Q., Shi, Z., Enos, P.,
Lehrmann, D.J., 2015. Cycle-calibrated Magnetostratigraphy of middle Carnian from
South China: Implications for Late Triassic Time Scale and Termination of the Yangtze
Platform. Palaeogeography, Palaeoclimatology, Palaeoecology 436, 135-166.

T EHE
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48 Basic Series Math

Plot #&D
Plot Pro $P
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Plot Swap Axis
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Data Distribution

Ecoco Plot
TN 2N 5 2R B B R AT (R BR A2 AN KR, 47 %4090.3333, 1341 °40.35341
CFEA LA | |

File File
dde KKNO99L 08 dde KKO®L 08

Example-WayaoCamianGRO.txt: sampling rate Example-WayaoCarnianGRO.txt: kernel fit of sampling rates

058
N max: 0.5, mean 0.35341; median: 0.33333; min: 0.05

—_—

Math O Interpolation (B8 Ctrl+ 1) . #RJ5 % NFHE I 8RR R

[ NN Acycle v0.3.1
File Edit Plot BasicSeries BYEIGM Timeseries Help

Sort/Unique/Delete-empty 3U
= Select Parts

/Users/mingsongli/Dropbox/Acycl Merge Series

‘ Add Gaps
Remove Parts
Remove Peaks

Clipping

! éxample-WayaoCamianGRO.lxt

Interpolation 3|
Smoothing 2

@® ) @ Interpolation

New sample rate (default = median):
0.33333

oK Cancel

] 0.33 m R NHRAEE,  Acycled’ Af Bl — A6 I RE Bl 1 SO, ARy
“Example-WayaoCarnianGRO0-rsp0.33.txt”
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3B B B E R 1 e B R

| NON ) Acycle v0.3.1

File Edit Plot BasicSeries Math Help
i Detrending T
= Pre-whitening b

/Users/mingsongli/Dropbox/Acycle/test Spectral Analysis 385

Evolutionary Spectral Analysis #E

xamle-Wa aoCarnianGRO-rsp0.33.txt Wavelet transform

Example-WayaoCarnianGRO.txt

CiltarinA P

P AR &R Timeseries > Detrending (8{ CTRL+ T) &

ST O, E R RN R R R )E R OK & F & s .
ANFER P “Acycle: Detrending” & 1 5% “New figure” & 1. FLAELE A M T A B8 e i 1K
/N, SR AE A DU T AR o 1 e

=0 @ ® Figure 2
File
Detrending Sde® RKXRO9L 08
Window 615615 OR 35 S| [ —— R
f Raw
‘ » t U Yellow]
_J .,771 —I 3000 — zln'::;;:das’hodmd)
Polynomial fit — LOWESS (Green)
7 LOWESS e T LRSS (Ped)
Gid 83 v 1 order (Linear) 2500
v LOESS v 2order
rLOESS 3  order
Select Al Clear Al “
Select & Save detrending Model
Raw <

IR B PRI RAE A (Select & Save detrending Model) . k4% 3%80m 1)
LOWESSiEa#, DIFEAR K2 A B R1E 0 R SRS EE B LA

IEI,  Acycle £ & H# s —A & 2% 1 % S 1“Example-WayaoCarnianGRO-rsp0.33-
80-LOWESS.txt” Fl— AN A E G 1 A+ **-LOWESStrend.txt”
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Example-WayaoCarnianGRO-rsp0.33-80-LOWESS .ixt
Example-WayaoCarnianGR0-rsp0.33-80-LOWESStrend.txt

Farmmmmloa WAlaiim alM i vmn i ;e MAOIN vmca M AN bt

HERS: BT
REWE 70 o A e [l 2 22 1 A o IR B AL (5 S A9 RERD) AT EAH
*ﬁﬁiﬁ’]@iﬁﬂ@%%, RETE A7 T APPAS AN RIIRR (A5 S R RE R 20 A . REWE 0 BT ) 12 2 i
TR EICHRE e 51 14 e S0 B o 0 o

I E R REB I EEE S, Rk TimeSeries”—>“Spectral Analysis”.

| NON ) Acycle v0.3.1

File Edit Plot BasicSeries Math BEGESSEEN Help
Detrending *T
E Pre-whitening b

/Users/mingsongli/Dropbox/Acycle/test Spectral Analysis 385

Evolutionary Spectral Analysis HE

éxample-WayaoCarnianGRO-rspO.33-80-LOWE€ Wavelet transform
Example-WayaoCarnianGR0-rsp0.33-80-LOWES

SR I EFEMulti-taper method (MTM) Ll Krobust AR (1) 4T i 7= 5

EAWTRE:

2n-MTM, VIS THNE O TIREIIR PR o

Wi KB BB 1 cycle/m, {EHIZMER Y Bt (Linear Y) #4174

fif Frobust ARLZLME AR AU TG, SR (FEATHAR HFD 8 20% (1) AL 2018 & H
H LU BOE A BEE (log power) SRALARERE .

® e Acycle: Spectral Analysis
Select method Multi-taper method
Method - Plot: max frequency & Y

Num. tapers 2

Nyquist 15152
Zeropadding @ 5

® @ Robust AR(1) Estimation

© Input 1
534 Median smoothing window: default 0.2 = 20%
Red noise LinearY Log Y 0.2
Robust AR(1) AR1 best fit model? 1 =linear; 2 = log power
Classical AR(1) 2
Run Run & Save

OK Cancel
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TEICAE, — AR (GFRIEE) R HMESE TR B AM=141%) . filin
B R (dralfE D 50.02951cycle/m, TR BERT R 51/0.02951
=33.9m,

@ ® Figure 1: Example-WayaoCarnianGRO-rsp0.33-80-LOWESS.txt 2pi MTM

File /

GdS RXODE 0E

27-MTM-Robust-AR(1): p = 0.55143. SO = 30403.7141

T B i e e

Power 4
-~~~ Median-smoothing 20% | -
Robust AR(1) median 1
Robust AR(1) 90%

-— = = = = Robust AR(1) 95%
1 \02951 — 339 m == — Robust AR(1) 99%
\ . Robust AR(1) 99.9%
X:0.02951
l Y: 2.66e+05

Power

| e il L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Frequency (cycles/m)

X B R TINS5 2eMTMAERE, B IEH 20%8) FH{E P RE 1S,  AR(1)ME R 15 5t
R, LA 90%. 95%. 99%7F1199.9% & 1= 7K .

(2R s i1 7 1 T95% & 15 7K - HIPRFEUE (XS I (9 e Y, B 7933.9 my 10 m, 7 m,
26 MANBMAT (IR/ZE) JeJHlo FFXLLE o] #5 1FY T [/, 75X 7805 kyr . 119 kyr
83 kyr. 31 kyr #21.5 kyr #7/F ] .

M Acycle V2.1 7745, BEA] LI FEM:  A26“X in period”,  BETEENG 2 7 T BT
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@] Figure 1
\
« 0E
106 27 MTM classic AR1 ; Sampling rate =0.33 m
T T T
X 35.244
________ | _|xo.6824
e d el .| Y 240069.7184 | X 6.7777
\'— - —=t. 7Y 177804.5066
T
[ JoN | Acycle: Spectral Analysis

Select method Multi-taper method B
Method Plot: max frequency & Y

Time-bandwidth | 2 )

product o0 O Nyquist 15162
2
Zeropadding Input
5 x o 534
Linear Y Log Y
Red noise
Robust AR(1) [ loglfreq) 2 Xin period ]
@ Ciassic AR(1) o L s ; L I
0

F-test & Amplitude

10
Period (m)

BIR6: WALREIE AT
W RIBE, SR 5% TimeSeries”> Evolutionary Spectral Analysis

| @ @® Acycle v0.3.1
File Edit Plot BasicSeries Math BEIUEEEIESE Help
Detrending
- Pre-whitening

/Users/mingsongli/Dropbox/Acycle/test

Wavelet transform

Example-WayaoCarnianGRO-rsp0.33-80-LOWES
. ExampIe-WayaoQarnianGRO-rspO .33-80-LOWES
{ —~ 1~ \AL H

IEvamnla WaunaNavninn NDN vanN 29 kit

I E

CiltarinA

£
b

Spectral Analysis &S
Evolutionary Spectral Analysis BE

TEEhE 1o40m (YA FHFERE 7 sRASHINEI AB3.9 m, FrLdiZ & 11/ A 733.9 m,

% B B3.9M[ITL5-2 L AE EAF T

R BN0.T, K2 T RHURIE 5 I RE R
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® @ Figure 1: Example-WayaoCarnianGRO-rsp0.33-80-LOWESS.txt: Running Peri..,

File
Select method Fast Fourier transform (LAH) <
Input for Evolutive FFT
1 :
Plot: Maximum Frequency Step Sliding Window
09 .
i Freq. min. 0 033 Tips a0 /
Use Nyquist 15152
07 2
e Use Input 7 m Unit Tips
08
0s
Plot-dimension : . Colormap
04 v Normalize each window
P . 20 30 7 Flip Y-axis default ¢ oK
b Rotation ~og(iequency) Grid #
y Log(power)

AERMIXAE H o B, ST IR SR B E, B Yhh, B, DUESs
2T TN 2

2B YRERAT~34m N 1 S RERIESR A W ERREER. Bk, TR R
AR (BB, AT

PSRBT HXRH
B AT BE AT R . kR HEB R, ARG s

“Timeseries”=> Correlation coefficient.

0 e Acycle v1.4
File Edit Plot BasicSeries Math Help

N Detrending | Curve Fitting ®T
L,. o b & v
sl Pre-whitening >
/Jsers/mingsongli/Dropbox/lectures/Acyc Spectral Analysis %S
Evolutionary Spectral Analysis #E

éxample-GuandaoZAnisianGR-sue xt Wavelet Transform

Example-Guandao2AnisianGR.txt ) .
Example- H|RI§E ggg 002733_1880_| EEg—ct.mfti Filtering #F
Example-HiRI 002733_1880_RED-prof . .
Example-HIRISE-PSP_002733_1880_REDjpg  AmPplitude Modulation
Example-Insol-t-0-2000ka-day-80-lat-65-meand:  Build Age Model
Example-LateTriassicNewarkDepthRank-rho1-m
Example-LateTriassicNewarkDepthRank-rho1-pt
Examp:e-tale;riassic“ewaxgepmgant-mm o Age Scale
xample-LateTriassicNewarkDepthRank-rho1-pi
Example-LateTriassicNewarkDepthRank-rho1-pi Sed. Rate to Age Model
Example-LateTriassicNewarkDepthRank.txt o .
Example-Launaloa-Hawaii-CO2-monthly-mean. Power Decomposition Analysis
Example-WayaoCarnianGR0-30-loess-200-boot

Example-WayaoCarnianGR0-30-loess-200-boot i i
Example-WayaoGarnianGRO-32-loess-200-bootge Sedimentary Noise Model >
Example-WayaoCarnianGR0-32-loess-200-booti el g (I Filo] M@l (a1 A (e{o[elo ) Ta{o[el0))
Example-WayaoCarnianGRO0-rsp0.33-80-LOWES

Example-WayaoCarnianGRO0-rsp0.33-80-LOWE! TimeO

Example-WayaoCarnianGRO-rsp0.33-80-LOWE¢ ~ 11meOpt
Example-WayaoCarnianGR0-rsp0.33-80-LOWE!  eTimeOpt

Example-WayaoCarnianGR0-rsp0.33- 80 OWE!

Example-WayaoCarnianGRO-rsp0.. g-LOWE!

Example-WayaoCarnianGRO-rsp0.53-80-LOWE SN I 1R [y Tl 1S ]
Example-WayaoCarnianGRO0-rsp0.33-80-LOWESswena.xt

Example-WayaoCarnianGRO0-rsp0.33.txt

£ COCO F [ Him NS B EAR A A3 (~230 Ma) o X — i R BAREAH E I
HE, /NT2-5 Myrffg AN E PEAR AL AT A2 R . i E TR A A u L (AR (S A BRI
1ED

SRR B FIEMER 1000 (B5500) o AR B HIAR, 282000 (BE %)
AIREFAIREY o
P FH): WREIEERK, “Number of slices” n] LL{# F 2843,
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Select Method

Data

0 padding 5000

Periedogram of Data

Test sedimentation rate

Show period. Maximum | 4 g5y | Number | 4
Frequency T classic AR1 (ffred)

[4] Acycle: (Evelutionary) Correlation Ceefficient / (€)COCO

®coco O eCOCO

Data Example-WayaoCamianGR0-rsp0.33-80-LOWESS

Remove red neise model

Winimum 4.29

maximum | 43.5111 step 0.13074| cmikyr

Target: Astronomical cycles

301 test sed. rates: 4.290, 4.421, 4.551, ..., 43.511 em/kyr

Middle age of data

230 Ma Max frequency 0.08

O Berger89 solution
@ Laskar04 Solution
O User-defined period

Correlation method
O Spearman

Monte Carlo

500

times

413.0123.0950457 360213178
405.0125.095.033.421.019917.4

40512569541 22.42237519.18

@® Pearson

1lkyr

R B LU ORAF T I BB B &S

‘BRI ATREMUIRERL) 8.1 cmikyr, BAE/KFN0.1%. MAhTHh, Fram7

MBESHHE S EHEM T
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HFERE
[#] Figure 2 - m| | [ Figure5 - O b
|
| File Edit View Inset Tools Desktop Window Help | File Edit View |nset Tools Desktop Window Help b
Node | & 0E| kE DEgde | @ 08| kE
il
2><1lf.l

Correlation coefficient

o0af . . . .

1.5 =202f 1
]

g 1 of . . . . . . . g
| o

0 5 10 15 20 25 30 35 40 45
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T Mull hypothesis
-
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I
0 0.5 1 1.5 2 402
Frequency 8
x10° E;
15 i 10° L . . L L L
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Sedimentation rate (cm/kyr)
10

Number of contributing astronomical parameters
T T ; T T

: BB T ]
5
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o 0.5 1 1.5 Sedimentation rate (cm/kyr)
Frequency

/Users/mingsongli/Dropbox/Acycle/test

xamle-Wa aoCarnianGR0-rsp0.33-80-LOWESS-1000sim-1slice-COCO-log.
Example-WayaoCarnianGRO-rsp0.33-80-LOWESS-1000sim-1slice-COCO.fig

HLAEAE F 45m B 11 eCOCO J3 M3k FR B n AR FRTT AR 2
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4| Acycle: (Evolutionary) Correlation Coefficient / (£)COCO - m| X
Select Method
Ccoco ®eCOCO
Data
Data Example-WayaoCarnianGRO-rsp0.33-80-LOWESS
0 padding 5000 0 padding edge | zero -« Flip Depth (y axis)

Periodogram of Data

: Remove red noise model
Show period. Maximum ' 4 5959~ Number |1
Frequency of slices classic AR1 (f-fred) v

Test sedimentation rate

Minimurm 429 maximum 43.5111 step 0.13074| cmikyr

301 test sed. rates: 4.290, 4.421, 4551, ..., 43.511 em/yr

Target: Astronomical cycles

Middle age of data 230 Ma Max frequency 0.08 1fkyr
O Berger89 solution 413.0 123.0 95.0 45.7 36.0 21.3 17.8
® Laskar04 Solution 405.0125095033421.0199174
O User-defined period 4051259541 22.4323.7519.18
Correlation method
O Spearman ® Pearson
Monte Carlo Sliding Window 00 of
. e plot
500 Size 45 m
times Step m Track sed. rates
4 Figure 4 5 [m] X 4
File Edit View |Inset Tools Desktop Window Help ™| File Edit View Insert Tools Desktop Window Help 3
Dede | @ (08| KE jJJH-QEDE] ]

COCO*H, SL

°Ha SL (%) No. of orbital parameters

Depth (m}

5 10 15 20 25 30 35 40 10 20 30 40 10 20 30 40 10 20 30 40
Sedimentation rate (cm/kyr) Sedimentation rate (cm/kyr) Sedimentation rate (cm/kyr) Sedimentation rate (cm/kyr)
0 0.2 0.4 0.6 0.8 1 12 14 16 0402 0 02 04 08 20 10 543215 2 4 8
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TEI AT By B B A R R E AR R A T A

EEBIE, SRJ5“Timeseries”( Filtering
[ NN ) Acycle v0.3.1

File Edit Plot BasicSeries Math Help

Detrending
Pre-whitening

.
[
4

/Users/mingsongli/Dropbox/Acycle/test Spectral Analysis
Evolutionary Spectral Analysis
Wavelet transform

Example-WayaoCarnianGR0-rsp0.33-80-LOWE!
Example-WayaoCarnianGRO0-rsp0.33-80-LOWES " .
Examp:e-Wayaogarnianggo-rspo.ss-eo-ligwg Filtering
xample-WayaoCarnianGR0-rsp0.33-80- ] : .
Example-WayaoCamianGRO-rsp0.33-80-LOWE SR UL IEN R
Example-WayaoCarnianGR0-rsp0.33-80-LOWE!  Build Age Model
Example-WayaoCarnianGRO-rsp0.33.txt
Example-WayaoCarnianGRO.txt N~

FESRH T

*T

£
*E

RPN, BRI, SRJ5IESE Gaussian JEU 715 Hi“save data? %4 .

[ NN Acycle: Filtering

RARO9DELE0ES

SAOPRAS NIC ¥ STOMC, ECWEE POOKR plot Power spectra: Example-WayaoCarnianGRO-rsp0.33-80-LOWESS
* v
Minimum 0022 15F ) T T T T : r - . .
x2| 5 {
Il
Center 0028 «— | 0 ot I

Maximum  0.034 Y 2 1529464.4

Gaussian 8—— Yl 0 Al ‘ |

0 YUAL ¢ ) B L VA RVAL" A ! v "
Highpass and lowpass 0 5 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
gxi0s . . - '
© Highpass
25} <
Lowpass 2l |
Bandstop Save Data 15} | " i
‘ n VAN Y
1 3
-- Select -
05F i
0 1 1 / 1 1 i 1 1 ‘A — 7.
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 0.5
Cycles/m

TR AE Acycle T8 1 & B g Ja B9 S A1 ds
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[ NON Figure 1
File

Gde RKRLTDE OE

Example-WayaoCarnianGR0-rsp0.33-80-LOWESS-gaus-0.028+-0.006.txt

2000 ——
1500—
1000—
o0t
)| I I I
0-"' a _, 'h“; 1‘ A 11 ' J”l“ |’ |||1 ! ‘71EM h' ll‘
-500 |
N P I R
_ Depth (m) _

Example WayaoCarnlanGHO rsp0.33 80 LOWESS.txt

PIRO: FREBIRE
YA RS AT I, Acycle Frff“Age Scale” T HAR 7] F T4 R UG HE  GEH RS
O ORISR GEERTEED .

R X LE33.4m 1] e [7] 6 W2 405Ky r 1) Je 3 o
1 FF“Example-WayaoCarnianGRO-rsp0.33-80-LOWESS-gaus-0.028+-0.006.txt”
SR J5 Timeseries = Build Age Model

[ NON ) Acycle v0.3.1

File Edit Plot BasicSeries Math BHuEEIE Help
I Detrending #T
e Pre-whitening b

/Users/mingsongli/Dropbox/Acycle/test Spectral Analysis 385

Evolutionary Spectral Analysis #E
Wavelet transform

éxample-WayaoCarnianGRO-rspO.33-80-LOWES
Example-WayaoCarnianGRO0-rsp0.33-80-LOWE

Example-WayaogarniangRO-rspo.33-80-L8WES Filtering BF
Example-WayaoCarnianGR0O-rsp0.33-80-LOWE! . .
Example-WayaoCarnianGR0-rsp0.33-80-LOWES Amplltude Modulation

Example-WayaoCarnianGRO-rsp0.33-80-LOWE S {711 /s | Age Model
Example-WayaoCarnianGRO-rsp0.33-80-LOWES
Example-WayaoCarnianGRO-rsp0.33.txt
Example-WavaoCarnianGRO.ixt Age Scale

-122 -



Acycle v2.7 M5

@® O @ Input period

Enter period (kyr):
405|

Use 1 = peak; 0 = trough:
1

OK Cancel

sl OK, BORERTG — N A
Example-WayaoCarnianGRO0-rsp0.33-80-LOWESS-gaus-0.028+-0.006-agemod-405-max.txt

SRJ5, P Timeseries > Age Scale

HE IR B R
SFE R BRSO, i OK.
(] @

Acycle: Age Scale

Age Model

Example-WayaoCarnianGR0-rsp0.33-80-LOWESS-gaus-0.028+-0.C

n gsongliDrop

1ianGRO-rsp0.33-80-LOWESS-1000sim-1slice-45win-ECOCO-log.txt
1ianGRO-rsp0.33-80-LOWESS-1000sim-1slice-45win-ECOCO.AC fig
1ianGRO-rsp0.33-80-LOWESS-1000sim-1slice-COCO-log.txt
1ianGRO-rsp0.33-80-LOWESS-1000sim-1slice-COCO.fig
1ianGRO-rspO.aa—80-LOWESS—gaus—0.0284—04006-agemod-405-31ax.m
1ianGR0-rsp0.33-80-LOWESS-gaus-0.028+-0.006.txt
1ianGRO-rsp0.33-80-LOWESS..txt
1ianGRO-rsp0.33-80-LOWESStrend.txt

1ianGRO-rsp0.33.txt

1ianGRO.txt

Series

Example-WayaoCarnianGRO.txt

=

S P SRATR 1 5 128 .
“Example-WayaoCarnianGRO-TD-Example-WayaoCarnianGR0-rsp0.33-80-LOWESS-
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