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Summary
Preliminary observations of the rate and nature of weathering of the Rollright Stone circle indicate
that the stones could have lost 3-10cm depth of material since the circle was created through
dissolution by rainwater (directly falling on the stones and coming in from the soil). Much of the
complex relief on the stones (such as randomly orientated pits and fissures) was probably inherited
from previous natural processes, rather than being produced since the stones have been in situ.
There are some areas of recent flaking, especially near ground level, which are probably a result of
frost weathering in recent harsh winters. One stone has a crack in it which might require
conservation work. Visitors to the stones are causing some minor rubbing of some stones, and
possibly enhancing flaking activity on one stone. Surface moisture and hardness surveys of five
stones hint at the importance of capillary rise from soil and groundwater to current weathering.
Aims
The Rollright Stones have probably been in existence for 4000 years or more and appear highly
weathered. The main aim of the survey work was to investigate the processes of weathering
affecting the stones today and the rates of change. As weathering involves a series of very slow and
subtle processes, it is difficult to make more than tentative conclusions from a very short survey
without any previous benchmark data on the state of the stones.
Background
The Rollright Stones are thought to be formed from a siliceous type of Chipping Norton Limestone
which dates from the Jurassic, and is part of the Great Oolite series (Arkell, 1947; Powell, 2005).
What is unclear is what condition the stones were in when they were quarried or gathered, and how
much weathering occurred before the stone circle was created (as opposed to that occurring over
the last 4000 years).
A range of weathering processes are known to affect limestones (see figure 1). The most important
is the process of dissolution, whereby rainwater acidified with carbon dioxide (CO2), comes into
contact with a limestone surface and dissolves it. Pure limestone experiences dissolution rates of
around 35-75 mm per thousand years in the Cotswolds and surrounding areas (Goudie, 1990).
Siliceous limestones are likely to be more resistant to this process. In many environments, such
dissolution weathering occurs faster towards the base of a soil profile than it does on limestone
surfaces exposed to the atmosphere. Rainwater passing through soils becomes further acidified
with organic acids and soil CO2, increasing its power to dissolve limestone.
Standing stones with their bottoms in contact with soil (like the Rollright Stones) are likely to be
affected by several weathering processes as well as the action of rainwater falling directly on the
stones. For example, water entering the base of the stones by capillary rise from soil- and
groundwater is also capable of dissolving limestone. Furthermore, some lichen species growing on
stone are known to produce weathering effects, although others (including Verrucaria nigrescens
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which according to Winchester, 1988, grows on the Rollright Stones) have a net protective role
(Carter and Viles, 2003).

Figure 1: Causes of weathering of the Rollright Stones
Under cold conditions, frost weathering may also be a serious issue for porous stone like the
Chipping Norton Limestone. Water entering the stone may freeze and thaw on a regular basis,
exerting pressure on pore walls and leading to flaking and granular disintegration.
Methods
In order to investigate likely loss of material due to weathering, preliminary calculations were made
based on known rates of weathering for pure limestones and checked against observations of the
dimensions of diagnostic weathering features.
A survey of the weathering status of the stones was carried out by Professor Heather Viles. Each
stone was observed in some detail, the weathering features described and any evidence of recent
weathering activity noted. Photographs were taken of key features. We have used the numbering
scheme shown in figure 2.
A detailed survey of five stones was carried out by Ms Fang Guo, Mr Tristan Sharples and Prof Viles.
These five stones were chosen to reflect a broad range of sizes, shapes and orientations of stones
and, where possible, focusing on stones known to have been in situ since the late 17th century by
comparison with the drawing in Plot (1677). For each stone, a grid with squares of 8 x 8cm was
established on both the inner and outer faces of the stone. Two sets of measurements were taken
at the corners of each grid square. First, a Protimeter and a CEM moisture meter were used to
monitor the surface and near-surface moisture contents. Second, an Equotip D type rebound
hardness tester was used to measure the surface hardness. For the Equotip, 10 individual
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measurements were taken within a small area at each point and the mean and standard deviation
calculated.

Figure 2: Numbering scheme used in this report. Red circles mark stones surveyed in detail.
The surface and near-surface moisture measurements were carried out in order to test whether soiland groundwater ingress to the stones was a potential cause of weathering. The Equotip surface
hardness measurements were taken to provide a proxy measure of the degree of weathering.
Results
Using simple calculations based on a weathering rate of c 35 mm per thousand years and an
exposure period of 4000 years, we estimate that a depth of c 14 cm of stone could have been
dissolved away since the stones were emplaced in the circle. Using the higher rate of 75 mm per
thousand years a depth of 30 cm could potentially have been removed over the same time period.
Given the siliceous and resilient nature of the limestone used for the Rollright Stones we think this
upper value is too high, and propose that, bringing in uncertainties, 10-15 cm is a realistic range.
The only weathering feature found on the stones which is clearly diagnostic of solutional weathering
in situ is the kamenitza on stone 58. Paragraph 4.6 describes this feature in more detail. The
kamenitza is 3cm deep, implying a lower rate of 7.5 mm per year if the stone has been standing for
4000 years.
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Two characteristics of the weathering status of the stones are worthy of discussion. First, most of
the stones have very complex hollows and fissures on them, often curvilinear and orientated in a
wide range of directions. The overall appearance is sometimes reminiscent of root karst created
where tree roots grow directly into limestone surfaces, and does not in any way resemble limestone
weathered in contact with rainfall. We propose that much of the basic shape and topography of the
stones was created prior to their assembly into the Rollright stone circle. Such shaping could have
occurred in the geological record, during a period of terrestrial exposure of the ground surface.
The second characteristic of interest is a number of weathering features which can clearly be
ascribed to recent processes and/ or weathering of the stones in situ (figure 3). Several areas exhibit
shallow flaking (of a few cm in diameter and up to 1 am in depth). These flaked areas look recently
exposed (no recolonisation of lichens, and no soiling), and are usually found near ground level. We
propose that these result from frost weathering during recent harsh winters.

Figure 3: a) Recent flaking on stone 2, b) rubbing of left hand edge on top of stone 21, c) enhanced
flaking and ‘offerings’ at stone 16, d) kamenitza on the top of stone 58
Several stones have rubbed or smoothed edges around their tops, with the lichens partly worn away
and the whole surface of the stone smoothed over. We suggest that human activity (sitting,
touching or walking on the stone) is causing this.
One stone (no 58) has an impressive kamenitza (flat-floored solutional weathering pit) of around
20cm in diameter and 3 cm in depth developed on the top face. Such a feature is very typical of
surface karst (i.e. topography produced by the interaction of rainwater with limestone surfaces).
Given its dimensions and orientation it is highly likely to have formed since the stone circle was
erected. After rainfall water ponds within this pit, causing undercutting through dissolution around
the edges.
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One stone(no 32 on our numbering scheme) has a large crack in it towards the top left hand corner,
which looks fresh and potentially damaging (figure 4). We recommend that a stone conservator
looks at this.

Figure 4: Crack on stone 32
The moisture surveys indicate generally wetter conditions towards the base of each of the five
stones (as shown in figure 5) and drier conditions at the top, indicating that capillary rise from
ground and soil water is a key source of moisture within the stone. Moist patches were also often
found in hollows. The weather during our surveys was warm and cloudy, with occasional sunshine.
During the week there had also been some showers. Aspect appears to influence overall moisture
levels within the surface of the stones, as surfaces facing westerly directions tended to be wetter
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than those facing easterly directions. Stone 1 was particularly wet, whilst stone 56 was noticeably
dry. The Protimeter used for this survey measures in units of %WME (wood moisture equivalent),
and it is hard to convert these units into absolute moisture contents. Porosity and mineralogy
differences between the stones will influence the %WME values recorded, and certainly stone 56
appears to be a different, more dense and less porous stone than the others.

Figure 5, a) Mean surface moisture (in %WME) across five stones, b) mean surface
moisture(%WME) at different heights across five stones
The Equotip surveys of surface hardness reveal an average hardness of just under 300 Leeb units.
The values are comparable to those from weathered limestones in and around Oxford and much
lower than those from freshly quarried limestones (Viles, unpublished data). The variability in the
hardness data is high, as might be expected after long periods of weathering. There are no
significant differences in hardness between the different stones sampled. Hardness does not vary
systematically with height above ground level, although three stones have lower hardness values
towards the top than in the middle or bottom parts of the stone. Two stones have the lowest
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hardness values towards the base. Comparable surveys of Commonwealth War Graves Commission
(CWGC) headstones from a number of cemeteries in the Midlands and south of England found clear
trends with the top portions being most weathered and having lowest hardness values, in
comparison with the middle and bottom zones (Eklund et al., in preparation). We interpreted the
CWGC data as indicating the importance of direct rainfall on the headstones in causing deterioration.
The bottoms of the CWGC stones are inserted into a concrete base, so although the bottom parts of
the stones are often wet, the water chemistry is probably different and unlikely to cause weathering.
Plotting mean surface hardness of the individual stone faces against the date of that face derived
from lichenometry from Winchester (1988) shows no clear trend (figure 6).

Figure 6: Surface hardness vs possible lichenometric surface age
Discussion and conclusions
Our rough estimates of the loss of material as a result of solutional weathering since the formation
of the Rollright Stone circle indicate a likely range of between 3 and 30 cm. Given the resilient
nature of the stone, and the uncertainty of exposure history we expect 3-10cm of loss to be most
likely. Some interesting further work could be done estimating the changing dimensions of the
stones given these likely figures.
Our preliminary observations of the weathering features on the stones indicate that many were
formed before the stone circle was established, perhaps before the stones were quarried or
obtained from their natural setting. Further observations of the stones lining the street and the
monument to William Smith in Churchill (which are the same stone type) would throw further light
on this issue.
There is some evidence of recent and current weathering, probably associated with frost weathering.
One large crack gives cause for concern, and there is evidence that human contact with stones is
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causing rubbing and some enhanced flaking. Further work could be done on the role that lichens
play on these stones. In general , the stones look in good and stable condition with no evidence of
accelerated weathering. Repeat laser scanning would be very helpful in monitoring future
deterioration.
Our studies of moisture and hardness give some hint as to how weathering operates on the stones.
Water is evidently entering the stones from the soil, as well as directly from rainfall. Further
monitoring of moisture regimes in the stones would be of interest, as would more detailed surveys
of the hardness in order to try and clarify the rate and nature of weathering affecting the stones
today.
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