
A 63 cm section of polished flowstone was cut

into ten blocks. Samples were imaged on a

Leica SP2 confocal microscope. A

photomosaic of images at 2x zoom were

acquired over the entire length of the sample

by 3 microscope fields. Laser excitation

wavelengths of 488 nm and 515 nm triggered

autofluorescence of the organic mineral

deposits with emission detection set to 540 –

680 nm. A peak-counting algorithm was used

on two replicate greyscale lines. 91,015 and

91,502 laminae were measured in Line 1 and

2 respectively. Pixel resolution was 0.183 µm

and band thickness ranged from 0.5 µm to 39

µm (averaging 6.82 µm). Comparison with the

isotopic records does not suggest any

hiatuses in the annual laminae.

The flowstone has undergone uranium series and paleomagnetic dating where 

possible. This places the archive as spanning roughly from 2.0-1.5 Ma. Coarse 

resolution carbon and oxygen isotope records have been obtained throughout the 

flowstone (Hopley et al., 2007), which demonstrate a half-precessional climate 

response. A segment around 1.8 Ma was selected for annual analysis. Unfortunately, 

the absolute dating methods cannot constrain the chronology enough, so the age 

alignment in Fig. 4 is derived from isotopic wiggle-matching. 

An ultra-long speleothem record shows that orbital forcing 

alters the amplitude, but not period, of interannual variability
Chris Brierley1, Phil Hopley2 and Graham Weedon3

Records of interannual variability rarely span orbital time scales. Here we present 

four precessional cycles worth of hydroclimate information from South Africa. Having 

devised a novel methodology, we are able to extract annual band thickness from an 

Early Pleistocene speleothem. Significant developments in Human evolution occurred 

at this location and time. Climate variability is hypothesised as a factor in them, yet no 

data has previously been available to test the idea. 
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The archive is a 2.4m thick flowstone (a kind of speleothem 

deposited from running, rather than dripping, water). The 

water flow controls the accumulation rate of the speleothem, 

and where the flow has a seasonal cycle this can result in 

annual layers (laminae). Buffalo Cave was located in the 

Makapansgat Valley in South Africa (Fig. 1). Although none 

were found in this cave, the valley is famous for the 

discovery of Hominin remains.

Identification of regular cyclicity was based on the presence of spectral peaks, at the

same frequency for both Lines 1 and 2, that exceed the 1% “false alarm level”. The

two laminae thickness time series have power spectra with nearly horizontal

background slopes (Fig. 3) consistent with the properties of records of measured

precipitation. A shift to temperature-like power law slopes occurs above periods of

1000 years. Precessional variability is clearly detected, as well as millennial. No peak

occurs at ENSO frequencies, although this would be expected for the region.

Figure 4. Comparison of variability to orbital-scale changes in South African hydroclimate from

Early Pleistocene and Early Holocene flowstone laminae and transient model simulations using

interannual and interdecadal filters on 100 year intervals. (B) Orbital precession (Laskar, 2004);

(C) low-pass filtered Buffalo Cave laminae Early Pleistocene Line 1 and Line 2 and TraCE

pseudo-proxy. Standard deviations and periods for non-overlapping 100 yr intervals of inter-

decadal variations (28.5-10.0 year; D, E) and interannual variations (F, G) in laminae thickness are

based on band-pass and high-pass filtering respectively. Laminae from the Early Holocene

speleothem have standard deviations beyond the TraCE simulation range.

Figure 2. Photomosaic of  a 6.5 mm 

section showing the UV fluorescent 

annual laminae.

Figure 1. Map of  key fossil-bearing caves in the South African 

“Cradle of  Humankind” UNESCO world heritage site, with a 

zoom-in on the Makapansgat Valley showing Buffalo Cave 

Figure 3. Power 

spectra of  laminae 

thickness time series: 

background power 

law (grey) and 1% 

False Alarm Level 

(dashed black line). 

Significant spectral 

peaks are labelled, 

brackets denote peaks 

that are not replicated. 

The peak at 1,282 yr

in Line 2, is taken to 

confirm the 1,264 yr

peak in Line 1 

(despite it being just 

below the False Alarm 

Level). 

Climate Interpretation

The processes that determine the thickness of each individual lamina cannot be

determined through direct observation, as the flowstone is no longer active, nor is the

mined palaeo-cave available for cave-monitoring studies. Active speleothems in

nearby Cold Air Cave (Fig. 1) respond to regional climate variability and seasonal

changes in rainfall (Finch et al., 2001). Present day variations in annual speleothem

growth rates in this region depend primarily on water availability (Green et al., 2015).

We consider variations in the Buffalo Cave lamina thickness to reflect the changing

net water budget primarily during austral summer. We use the TraCE simulation (Liu

et al., 2009) to extract a pseudo-proxy from as DJF precipitation minus potential

evapotranspiration over the region (30-20°S, 22-32°E) from 21ka-present.
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Low pass filtered records (Fig. 4C) demonstrate a precessional signature (4B). No 

robust signal is seen in the period of either inter-annual (4G) or inter-decadal 

variability (4E). The standard deviation of these (4D, 4E) is amplified towards the top, 

presumably related to the increasing orbital forcing after ~1.775 Ma (4B).

• Records exist of year-to-year variability that span 100,000s of years

• Such archives are not always obvious (this one was a cave floor)

• They pose challenges for analysis, even at the spectral processing step

• Imply periodicities of natural variability are not modulated by forcing

• Amplitudes of inter-annual/-decadal variability connected and forced

• Preliminary analysis suggests this is captured by climate models

• South Africa’s climate became less predictable after ~1.8 Ma

• Coincident with appearance of Acheulean stone tools (Antón et al., 2014) 


