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Figure. S1: The variability in signal detectability quantified from the D32 laminite bed on Garbh Eileach.
Figure. S2: Ice rafted debris (IRD) count data quantified from the 30 discrete layers present in the thin sections. 
Figure. S3: Mean annual global temperature from each of the three model scenarios. 
Figure. S4: Histograms of signal detectability from a 5x5 grid of cells (~600km radius) around the coordinates of the study site per scenario.
Table S1: Detectability of the signals at the 99% and 95% confidence levels quantified from the uncertainty analysis.
Table S2: Examples of solar and climate cycles recorded in varves throughout geological time.
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Figure S1: The variability in signal detectability quantified from the D32 laminite bed on Garbh Eileach. Power of the average signal spike (from 1000 iterations of the laminae thickness series) at the imposed periodicity compared to the power of the 99% and 95% confidence bands at the imposed periodicity. Y axis data points are calculated as average power at imposed period/power of confidence band at imposed period; hence, values greater than 1 exceed the confidence band. Left: Full time series (1640 laminae). Middle: Top 1320 laminae. Right: Bottom 1320 laminae. 
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Figure S2: Ice rafted debris (IRD) count data quantified from the 30 discrete layers present in the thin sections. Left: Grain size of IRD per couplet. right: Roundness of IRD per couplet.
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Figure. S3: Annual temperature from each of the three simulated scenarios from both the paleo location of the Garvellach Islands (left) and from a 60° longitude and 10° latitude box in the tropics (right). Top: Hard snowball scenario (5 ppm). Middle: Equatorial oasis scenario (10 ppm). Bottom: Waterbelt scenario (100 ppm).
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Figure. S4: Histograms of signal detectability from a 5x5 grid of cells (~600km radius) around the coordinates of the study site per scenario. To ensure the signals present in the power spectra from the study site (black circle) are representative of the wider paleogeographic area, annual mean surface temperatures were extracted from a 5x5 grid of cells (~600km radius) around the coordinates of the study site (red box). Power spectra were computed for each of the 25 cells per scenario, and the percentage of the power spectra that contain spectral peaks exceeding the 95% and 99% confidence levels were recorded. 
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Table S1: Detectability of the signals at the 99% and 95% confidence levels quantified from the uncertainty analysis. Uncertainty analysis was conducted on the signals that exceed the 99% confidence level: full time series (5 signals), top 1320 laminae (5 signals), bottom 1320 laminae (2 signals). The detectability of the signals at both the 99% and 95% confidence levels were quantified from the original timeseries. A power spectrum was generated for each of the 1000 iterations and the average power of the signals at the imposed periodicity was calculated and compared to the power of the 99% and 95% confidence levels at the imposed periodicity to quantify the variability.



Table S3: Examples of solar and climate cycles recorded in varves throughout geological time and their sources.
	Age
	Periodicities recorded (years)
	Cycles recorded
	Reference

	Pleistocene
	6.5-8.5, 9.4, 13.8, 18.9, 24.18, 30
	ENSO, Schwabe
	Damnati and Taieb, (1995)

	Pleistocene
	3-7
	ENSO
	Anderson et al., (1990)
	Pliocene
	2-2.5, 6-7, 12
	QBO, ENSO, Schwabe
	Munoz et al., (2002)

	Miocene
	80-120
	Gleissberg
	Kern et al., (2012)

	Miocene
	3-5, 9-13, 20-27, 50-100
	ENSO, Schwabe, Hale, Gleissberg
	Manzi et al., (2012)

	Miocene
	10
	Schwabe
	Cosentino et al., (2005)

	Eocene
	2.1-8.7
	QBO, ENSO, Schwabe
	Han et al., (2025)

	Eocene
	8-11,22, 90
	Schwabe, Gleissberg
	Zhang et al., (2024)

	Eocene
	4.8-5.6, 10.4-14.7
	ENSO, Schwabe
	Ripepe et al., (1991)

	Paleocene-Eocene
	11, 88
	Schwabe, Gleissberg
	(Liu et al., 2024)

	Cretaceous
	2-2.8, 4.1-6.2
	QBO, ENSO
	Davies et al., (2012)

	Cretaceous
	9.1-11.4, 16.2, 125
	Schwabe, Gleissberg
	Hasegawa et al., (2022)

	Cretaceous
	10-10.6, 16.5, 21.9, 31-40 
	Schwabe, Hale
	Tian et al., (2021)

	Triassic
	2-8, 30, 57, 81-110
	Gleissberg
	Lin et al., (2023)

	Jurassic
	10-13, 60-85, 170-180
	Schwabe, Gleissberg
	Anderson and Kirkland, (1960)

	Jurassic
	11.7
	Schwabe
	Strasen and Chafetz, (2025)

	Jurassic
	8-10
	Schwabe
	Chambers et al., (2000)

	Jurassic
	13, 20, 69, 105
	Schwabe, Hale, Gleissberg
	Dmitriev et al., (2016)

	Permo-Carboniferous
	5.5-6.7, 8.6-12.4,24.4
	ENSO, Schwabe
	Ernesto and Pacca, (1981)
	Permo-Carboniferous
	3-6, 10, 20-25, 80-90
	ENSO, Schwabe, Hale Gleissberg
	Franco et al., (2011)

	Carboniferous
	23, 70
	Hale, Gleissberg
	Alego and Woods, (1994)

	Carboniferous
	12, 24-26
	Schwabe, Hale
	Milana and Lopez, (1998)

	Devonian
	8.6-13.6, 19.6-22.7 
	Schwabe, Hale
	Andrews et al., (2010)

	Neoproterozoic
	10-13
	Schwabe 
	(Shatsillo et al., 2019)

	Neoproterozoic
	2-2.5, 3-5, 9-16, 135
	QBO, ENSO, Schwabe, Gleissberg
	This study

	Neoproterozoic
	11.4
	Schwabe
	Korn and Martin, (1951)

	Neoproterozoic
	10-11.4, 18.9-25.6, 71.7, 98.9
	Schwabe
	Li et al., (2018)

	Mesoproterozoic
	7-11
	Schwabe
	Jackson, (1985)

	Mesoproterozoic
	9.2-10.6
	Schwabe
	Andrews et al., (2010)

	Mesoproterozoic
	9.0-11.7,19.7-21,4
	Schwabe, Hale
	Tang et al., (2014)

	Paleoproterozoic
	9.9-10.7, 14
	Schwabe
	Hughes et al., (2003)

	Paleoproterozoic
	2.2-2.9, 3-6.9, 8.8-10.2
	QBO, ENSO, Schwabe
	Howe et al., (2016)
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