
Quaternary anchialine karst development below present day sea level in Plymouth 

15

QUATERNARY ANCHIALINE KARST DEVELOPMENT BELOW PRESENT DAY

SEA LEVEL IN PLYMOUTH AND ITS EFFECT ON FOUNDATION DESIGN

R.P. SMITH, A.M. ROBERTSON AND N. SHELFORD

Smith, R.P., Robertson, A.M. and Shelford, N.  2008.  Quaternary anchialine karst development below present day sea level in
Plymouth and its effect on foundation design.  Geoscience in South-West England, 12, 15-21.

Anchialine cave development occurs at the interface between saline and meteoric groundwater zones in a coastal karstic aquifer.
This process has been described in detail for the submerged Blue Holes of the Bahamas, USA and is typified by the concentration
of horizontal or shallow dipping solution cavities, which develop independent of structural geological controls. Concentrations of
horizontal solution features associated with past sea level stands above 0 m OD have been described for the karstic middle
Devonian Brixham Limestone Formation aquifer of Berry Head, Devon. Similar horizontal cavities occur in the coastal aquifer of
the Devonian Plymouth Limestone Formation. Analysis of borehole information from three sites along the coastal edge of the
Plymouth Limestone Formation indicates that concentrations of solution features can also be identified at various levels below the
present day sea level. A number of these levels can be correlated with earlier sea level stands. Interpretation of the geotechnical
behaviour of sediments infilling the solution features suggests rapid cave infilling in the last phase of marine transgression during
the Holocene. The implications of solution voids on engineering design and construction are significant. Designing engineering
solutions for foundations must consider anchialine void levels and characteristics and any change in surface water drainage can
result in serious settlement and stability problems.

John Grimes Partnership Ltd, The Barns, Leonards Road, Ivybridge, Devon, PL210RU, U.K.
(E-mail: RodS@johngrimes.co.uk).

Keywords: Anchialine Karst, Plymouth, engineering design.

INTRODUCTION

The presence of substantial solution voids within limestone
poses a number of significant engineering problems (Waltham,
1989). The solution voids can reduce bearing capacity of the
ground causing problems in designing building foundations.
The erosion of superficial material into solution voids can result
in settlement and are an important consideration in designing
drainage. The irregular surface topography typical of limestone
and the presence of pockets of superficial material can also
cause problems with excavations.

The outcrop of the Devonian Plymouth Limestone Formation
(undivided) stretches for nearly 10 km east to west and is up to
1 km wide (Figure 1). Its substantial western limit is the River
Tamar, where it is truncated by the Cambeak Fault Zone. The
eastern edge of the limestone is truncated between thrust units
of Middle and Upper Devonian slaty mudstones. Much of the
southern boundary is submerged beneath Plymouth Sound,
where it is deeply incised by the lower reaches of the drowned
valleys of the rivers Tamar and Plym. The sides of these valleys,
where they cross the limestone outcrop, are steep-sided. The
more elevated sections of these valleys above present day sea
level, form the foreshores of Plymouth Hoe, Cattedown,
Turnchapel and Oreston. By the early 19th Century, much of
the original topography of the valley slopes in the latter three
areas had been destroyed by large scale quarrying. Only along
the historical Plymouth Hoe foreshore does anything like the
original topography remain where the ground rises as a craggy
series of cliffs to the prominent promenade level of 35 m OD.

Below sea level there are a number of submerged
resurgences (springs) on the valley sides. The largest of these is
known as the Millbay Blue Hole, which emerges at the base
level of the incised river valleys at -35 m OD.

The Plymouth Limestone Formation is structurally complex
(British Geological Survey, 2002) comprising a thrust duplex,
modified by secondary thrusting. The formation was later
affected by steep extensional strike faults and cross cutting
strike-slip faults. The limestone forms part of the Plymouth High
Succession, which is now represented in two relatively thin
thrust slices. The lower thrust sheet overrides the slates of the
Upper Devonian Saltash Formation to the north. The junction
between the limestone and the slates has been exposed during
previous construction works in Union Street, Plymouth (grid
reference: SX 467 545) and indicates that the contact is at a very
low angle. When seen in the temporary exposures in Union
Street the overlying limestone sheet was fragmented into a
broken blocky mass for a thickness of approximately 5 m above
the slate.

The higher thrust zone, which occurs within the limestone
outcrop, can be seen exposed in Chelson (SX 518 546),
Moorcroft (SX 527 540) and Sherford (SX 546 538) quarries that
have been excavated in the eastern end of the limestone
outcrop. It has been argued that this second thrust zone acts as
an effective aquiclude between the two limestone sheets and
that separate water flow regimes occur within these two sheets
(Roxburgh, 1987). However, dye tracing analysis between the
eastern end of the upper sheet and the Millbay Blue Hole
resurgence, located in the western half of the lower sheet,
would indicate that there is at least, significant, localised
hydrological continuity between the two limestones.

Anchialine cave development has been described as a major
mode of cave development for the Bahaman Blue Hole cave
systems (Palmer and Williams, 1984; Palmer et al., 1986). Such
caves form at the junction between the fresh and salt-water


