


sediments deposited in a low-energy setting, such as still to slow-

flowing water or by air-fall deposition. A further consideration is

the subsequent exposure of the footprint surface with minimal

erosion of the features. Holocene coastal and estuarine environ-

ments are locations that seem to be favourable for footprint

preservation, with good examples in the UK at Sefton and in the

Severn estuary where footprint surfaces have been studied over the

last 20 years [16–22].

Here we report on a footprint surface found in Early Pleistocene

estuarine muds at Happisburgh, UK, where preservation is due to

very similar processes to those of the Holocene sites (Figure 2a). At

Happisburgh the footprint surfaces have been revealed because of

coastal erosion of overlying cliffs. The estuarine sediments at

Happisburgh are part of the Hill House Formation (HHF) and are

Early Pleistocene in age, dating to between 1 and 0.78 My. They

preserve indirect anatomical evidence of the first hominins in

northern Europe.

Methods and Analysis

Geological, environmental and archaeological context
The Early to early Middle Pleistocene succession in East Anglia

is characterised by a series of estuarine, fluvial and alluvial

sediments (Cromer Forest-bed Formation – CF-bF) interdigitating

with near-shore marine sediments on the margins of the Crag

Basin [23]. This succession dates from ca. 2 to 0.5 My and is

overlain by glacial sediments, including tills of the Lowestoft and

Happisburgh Formations that were laid down during Marine

Isotope Stage 12 (MIS 12; ca. 450 ky). The CF-bF includes a

number of important interglacial sites [23–26] famous for Early

and early Middle Pleistocene fossil remains. It is only recently that

Lower Palaeolithic archaeology has been found within the CF-bF,

in particular at Pakefield, dating to ca. 700 ky [27] and at

Happisburgh Site 3 (HSB3), dating to ca. 850 ky or possibly ca.

950 ky (Figure 2b and c) [28]. This evidence has extended the

record of human occupation of northern Europe by at least

350,000 years and has also provided important insights into the

environments of the early human occupation in northern latitudes

[29–30].

The pre-glacial Pleistocene succession at Happisburgh was first

investigated by Reid [31] and more recently by West [23]. West

described the sediments exposed at the base of the cliffs and in the

foreshore at a number of locations and also in a borehole near the

former slipway on to the beach (Figure 2b and c). This borehole

(HC) demonstrated a succession of laminated silts beneath the

Happisburgh Till. Palynological data from the laminated silts

indicated an interglacial vegetational succession spanning pollen

zones I–IV, which West correlated with the Early Pleistocene

Pastonian Stage. These sediments form a mappable unit and have

been assigned to the HHF [28]. At HSB3 they consist of a series of

predominantly estuarine sands and silts which infill channels, the

lower bounding surfaces of which are associated with lag gravel

deposits up to 0.2 m in thickness. An artefact assemblage has been

recovered from these lag gravels, consisting of flint flakes, flake

tools and cores. The sediments also contain a rich assemblage of

fauna and flora which suggest that the archaeological evidence can

be attributed to the later part of an interglacial. This interglacial is

dated on the basis of biostratigraphical and palaeomagnetic

evidence to the latter part of the Early Pleistocene, perhaps MIS

21 or MIS 25 [28]. The similarities in the sedimentology and

palynology of the sediments at HSB3 with the laminated silts in

borehole HC suggest that they are part of the same complex of

channel fills; in addition, the laminated sediments can be traced

laterally between the two locations though the exact stratigraphic

relationship between the channel infills remains uncertain

(Figure 2c).

The footprint surface
Over the last two years, continued erosion of the cliffs,

combined with particularly severe scouring and removal of the

modern beach deposits during winter storms, has revealed new

exposures of the HHF. The exposures are located between HSB3

and HC (Figure 2b and c) and when beach scour was extensive,

horizontal surfaces of laminated silts could be traced laterally from

the vicinity of HC north westwards for 150 m towards HSB3.

Therefore continuity of these sediments with the laminated silts in

borehole HC can be demonstrated.

In early May 2013 an area of laminated silts was exposed (Area

A) approximately 100 m north west of the location of borehole

HC (Figures 3–5). At this site removal of beach sand had exposed

the laminated silts to wave erosion; the bedding surfaces provided

natural planes of weakness and the washing out of sandy laminae

resulted in the removal of layers of laminated sediments and the

exposure of undisturbed bedding surfaces (Figures 3–4). In most

cases these surfaces are flat or gently undulating and display ripple

structures formed during the original deposition of the sediments

(see below). However, one horizon had very different surface

characteristics where a series of hollows ranging from circular to

elongate in outline were visible over an area of ca. 12 m2

(Figures 4–5). The elongate hollows were generally 30–50 mm in

depth, 140–250 mm in length and 60–110 mm in width. The

visual similarity to Holocene footprint surfaces prompted more

detailed investigation of this horizon. However, as the surface was

located in the inter-tidal zone of a rapidly eroding coastline and

was therefore prone to rapid destruction by wave action or to

reburial as the beach was re-established, it presented particular

challenges for recording and analysis of the features. Over the

Figure 1. Map of Pleistocene footprint sites dating from prior
to 40 ky in Africa and Eurasia.
doi:10.1371/journal.pone.0088329.g001
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