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h i g h l i g h t s

� Gravestone decay is used to quantitatively reconstruct historical acid deposition.
� Spatial variability in gravestone decay reflects changing land use patterns.
� Up to 98% decrease in acid deposition after 1975 because of air quality regulation.
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a b s t r a c t

This investigation examines the spatial and temporal variability of marble gravestone decay throughout
West Midlands County and adjacent portions of Warwickshire, Staffordshire, and Worcestershire.
Gravestone decay has been used effectively as a quantitative measure of acid deposition. Numerous
techniques have been used to assess gravestone decay and each is subject to different sources of error. To
minimize error we focus only on marble gravestones that use the flush lead lettering technique. Decay of
the marble leaves the lead lettering raised above the surface, and the distance can be measured with the
use of a digital micrometer. Gravestone decay can be used to quantify the spatial and temporal distri-
bution of acid deposition. Our gravestone decay database consists of 1417 individual measurements on
591 tombstones in 33 cemeteries and covers the period from 1860 to 2010. Sites range from industrial
and residential areas to rural settings. These data allow us to establish the natural background rates of
decay, the effects of urban/residential expansion, and the efficacy of environmental regulations. Decay
rates vary from a minimum of 0.2 mm/century in remote rural areas to nearly 3.0 mm/century in the
Birmingham City Center. The data are corrected for environmental variables, converted to acid deposition
rates, and plotted at 10-year intervals from 1890 to 2010.

© 2015 Elsevier Ltd. All rights reserved.

“On every side, and far as the eye could see into the heavy distance,
tall chimneys, crowding on each other, and presenting that endless
repetition of the same dull, ugly form, which is the horror of
oppressive dreams, poured out their plague of smoke, obscured the
light, and made foul the melancholy air.” (Charles Dickens, The Old
Curiosity Shop, 1841).

1. Introduction

This investigation quantifies acid deposition over the last 120þ
years in the West Midlands, UK, using lead-lettered marble grave-
stone decay as a proxy. Gravestone decay has been shown to be a
sensitive indicator of air quality (Inkpen, 2013; Gauri and Holdren,
1981) and can be used to determine quantitatively minimum acid
deposition rates (Dragovich, 1991; Inkpen, 2013; Inkpen and
Jackson, 2000; Cooke et al., 1995; Inkpen et al., 2008). In the
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