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ABSTRACT: Most museum conservation work relates to artifacts that are carefully preserved from exposure
to the elements where curators are able control storage and exhibition environments in order to prevent
deterioration. Outdoor monuments face daily exposure to the elements. Various studies have been carried out
of the effects of environmental conditions on outdoor stone exhibits and monuments and in each case a site
specific study is generated to determine the influencing factors.
The focus of this paper is an assessment of the impacts on one such object that is a landmark on the UWI Mona
Campus, Kingston Jamaica, the Geography-Geology obelisk. The obelisk was erected in 1984 and since then
has undergone tremendous weathering. This assessment seeks to identify the contributing factors to the
deterioration, the lithologies that are most affected and the approximate rate of weathering on the monument.
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lived on the campus site over time, and these
have become an important part of the
Campus Heritage Tour.

1. INTRODUCTION

The obelisk at the Department of Geography
and Geology was erected by the Geological
Society of Jamaica in January 1984 to
commemorate 21 years of the teaching of
geology (1961 to 1982) at the University of
the West Indies (UWI). Designed by
Professor Trevor Jackson, then Head of the
Department of Geology and unveiled by
UWI Pro-Vice Chancellor Professor Gerald
Lalor and Miss Jamaica World (1983) Cathy
Levy, the obelisk is located on the front lawn
of the de la Beche Building, Department of
Geography and Geology, at the University of
the West Indies Mona Campus in Kingston
Jamaica. This obelisk was the first one
erected on the Mona Campus. Within the last
few years, four small obelisks have been
erected to mark significant populations that

Since being unveiled, the GeographyGeology obelisk has been a significant
teaching tool for the Department as well as
visitors to the UWI Geology Museum
(UWIGM), to demonstrate geological time
and the geological evolution of Jamaica. So
much so that a field guide to campus geology
was published with the obelisk being stop 1.
The obelisk represents a stratigraphic record
of Jamaican geology from the Cretaceous to
the Quaternary period (Figure 1). It was
constructed of rocks found at various
localities across Jamaica, samples of which
form part of the UWIGM collection. It is
capped by an aluminium pyramid (Figure 1),
signifying the importance (at the time) of
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Sherene James-Williamson & André Reid. Assessment and conservation of an outdoor exhibit

bauxite to Jamaica. The rocks that make up
the monument were collected by several
graduates including Conliffe WilmotSimpson, Locksley Allen (class of 1979),
Samuel Brookes (class of 1975) and Godfrey
Perkins (class of 1970). The height of the
obelisk is proportional to geologic time with

the base representing the age of the older
dated rocks in Jamaica which are
approximately 120 million years old. The
obelisk is approximately 3.6 metres (12 feet)
tall with each 30 cm (12 inches) representing
12 million years.

Figure 1. Illustration of Obelisk with age, rock types and lithotypes.

rates in general for geological nor for
preservation purposes. The GeographyGeology Obelisk presents a snapshot of these
weathering rates for several reasons. The first
of which is that the obelisk is made of
different rock types (igneous, sedimentary
and metamorphic). This presents a unique
opportunity to study the effects of various
environmental parameters on the various
rocks in the obelisk. Secondly, the exact date
of erection is known and as such physical
measurements can be easily made and
accurate estimates calculated. Thirdly, the

An assessment of the obelisk became
necessary because of the deterioration seen
on only some of the rocks in the monument.
This deterioration is caused by weathering:
the breaking down of rocks, stone
monuments, buildings, etc. when exposed to
various environmental conditions.
The rate of weathering of monuments and
stone structures is a very important aspect of
heritage conservation and protection, and
particularly affects outdoor monuments and
museums. Unfortunately, not many studies
have been done in the tropics on weathering
43
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obelisk is oriented such that each side faces
north, south, east and west, meaning that the
effects of wind, rain, sun and vegetation can
be observed differentially, based on 30 years
of exposure to the elements.

(Francis-Brown, 2004). The ruins of the
aqueducts and still house or distillery and
rum store have been preserved and
appropriate signage given to them (Fig. 2).
The rum store shows its key stone with the
date 1759 engraved on it. Some streets within
the campus have been named to
commemorate the rich heritage (FrancisBrown, 2004), namely – Gibraltar Camp
Road, Gibraltar Camp Way, Gibraltar Hall
Road, Shed Lane and Queens Way (Fig. 2).

This paper seeks to share procedures related
to the assessment of the obelisk. The aim of
the project was initially to determine the rates
of weathering of the different lithotypes on
the obelisk in a bid to determine what specific
conditions are responsible for its
deterioration and any specific steps that can
be taken to repair and preserve it. The
assessment was carried out using the current
state of the art for the study of stone
monuments (Fitzner 2014; Fitzner and
Heinrichs 1998, 2002, 2004). With the
current studies on cemeteries in Jamaica
focused on genealogy and iconography in
Jewish cemeteries, it is hoped that the
information gathered from this case study can
be used for all cemeteries in the
determination of the appropriate headstone
material as well preservation and
conservation. The techniques will also be
important for other stone monuments for
heritage protection and preservation in
Jamaica.

2.

The Department of Geography and Geology
is a part of this rich campus history as the
Department of Geology started in 1961 in one
of the Gibraltar Camp Buildings. The
Department was relocated to its present
location in 1965 which was named the De la
Beche Building after Sir Henry De la Beche,
who did a one-year tour of Jamaica from
1823 to 1824 when he completed a geological
map of eastern half of the island (de la Beche
1827, Chubb 1958; Draper and Dengo 1990;
Draper 1996). De la Beche later founded the
British Geological Survey in 1830 (Chubb
1958; Sharpe 1997; Sharpe and McCartney
1998). He is affectionately known as the
Father of Jamaican Geology.
At the start of the then Geology Department
a small teaching collection was established.
This soon expanded into a research
collection of material collected by staff of
the department. By 1967, the University of
the West Indies Geology Museum
(UWIGM) was established as a research
repository headed by Dr. Peter Jung. The
UWIGM set up a small exhibition gallery
and was first open to the public in 1970
(Donovan et al. 2004). The obelisk has
become a significant extension of the
UWIGM exhibits alone with two papiermâché wall maps depicting the geology and
topography of Jamaica which are mounted

SITE HISTORY

The University of the West Indies Mona
Campus (Figure 2) is a home to several points
of interest designated as heritage sites by the
Jamaica National Heritage Trust (JNHT).
Prior to the use of the site as a university
campus it first housed the Mona and Papine
estates
1660-1908
and
1756-1880,
respectively and subsequently the home for
the World War II evacuees from Gibraltar
and mainly Jewish refugees from several
European states during the period 1941-944
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on the main corridor and Laboratory 1 of the
De la Beche Building, respectively. The
obelisk functions as a handy teaching tool
for new students and museum visitors alike
as it provides a quick overview of the
geological history of Jamaica. It also serves
as a very good segment of the geological
time scale.

inform care and maintenance on similar
monuments in the tropics. The obelisk was
first photographed at high resolution for the
creation of a base map. This base map was
used to record each rock at each level of the
obelisk from base to top ((Ball and Young
2000; 2000 and Young et al. 2000; Andre and
Phalip 2010). The scales of stone
deterioration was recorded on the base map
for each rock using damage categories
(Fitzner 1990; Fitzner and Heinrichs 1998,
2002, 2004).

3. MATERIAL AND METHODS

The methodology employed for this project
utilized methodology for the onservation of
stone monuments (Fitzner et al 2002; Fitzner
and Heinrichs 1998, 2002, 2004; Fitzner
2014), weathering rates and weathering
studies on bricks and monuments (Gordon
and Dorn 2005; André and Phalip 2010;
Ikeda 2010); building and building stone
conservation (Ashurst and Ashurst 1988;
Petzet 1999; Price 1996). Geographic
Information systems (GIS) and image
processing techniques as tools for analysis
(Ball and Young 2000a, 2000b; Young et al.
2000).

Deterioration was qualitatively made by
measuring the extent of damage using rulers,
tape measures and calipers where
appropriate. These measurements were used
in the calculation of weathering rates. The
obelisk consists of about 800 rocks and
digitizing each rock proved rather time
consuming and very difficult. A rapid method
for digitizing the individual rock samples in
the obelisk had to be devised after various
freeware packages proved ineffective. The
Image analysis function in ArcGIS was
finally used, first with an unsupervised
classification and then with supervised
classification. This method of analysis has
been used for forest ecology and botany (Jian
et al. 2011; Zasada et al. 2013) soil science
(Viscarra Rossel et al. 2006; O’Donnell et al.
2010), structural geology and thin sections
(Li et al. 2008; Lu and Wang 2011) to name
a few.

The obelisk is useful for study because it is a
monument exposed to the elements; it is
suffering from deterioration from ordinary
weathering processes (as rocks would in
nature); the date of erection is known and
hence the timeframe for exposure. The
information gathered from the obelisk can
provide some information on weathering in
the tropics, allow for the determination of the
degree of deterioration which will assist in
determination of repair mechanisms and
budget. The overall results of the study can
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Figure 2. Map showing the University of the West Indies, Mona Campus with places mentioned in the text.
(Modified after Francis-Brown 2004)

The information from the mapping along
with damage categories were inputted into
attribute tables in ArcGIS and various
scenarios played and the results recorded.

The attribute tables were exported from
ArcMap as a data file and opened using the
SPSS software. Variables were recoded to
allow for readability within the program, by
assigning numbers to the values under each
46
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attribute. Correlations were then done
between various attributes to test for the
presence of any relationships between them.
The strength of the derived relationship was
then evaluated using Pearson’s Chi Squared
test. P values that were returned as being less
than 0.05 were deemed to represent a
statistically significant relationship existing
between the two tested variables. The end
product of each statistical test and correlation
was subsequently presented using charts.

the day there is exposure (Rech at al. 2001).
Each face of the obelisk is oriented roughly
to each major compass direction (North,
South, East, West) (Fig. 4). The east and
south facing slopes of the obelisk receive
maximum solar exposure and as such shows
more signs of deterioration and loss of gloss.
It is also true that these faces receive the rain
as the north and western faces are on a rain
shadow by virtue of the orientation and
pyramidal shape of the monument. The
eastern and southern facing sides dry out very
quickly after rain. These rapid changes cause
accelerated deterioration of the rocks. Rain
sheets down the sides of the structure, the
sides are erected at an angle of 80 o-85o and
as such the run off is relatively fast.
Unfortunately, some rocks absorb this
moisture and expels it slowly. This occurs
particularly in more porous samples e.g.
limestone, sandstone and ignimbrites. After
rain, the eastern and southern sides dry out
very quickly as they have longer exposure to
the sun (aspect). The western and northern
faces receive a relatively shorter exposure to
the sun due to the position of the monument
with respect to the sun as well as the shade of
the neighbouring tree.

4. FACTORS CONTRIBUTING TO

WEATHERING OF OBELISK
Generally, weathering can be physical or
chemical.
Weathering
involves
the
breakdown of rock in-situ. Weathering here
should not be confused with erosion which
occurs once the structure is weathering and
the particles are moved by some agent
namely water, wind or ice. The methods of
physical weathering are direct results of heat,
cold, rain and burrowing organisms and
roots. As rocks heat up they expand and
contract when cooled, the result being that
they weaken, become cracked and can then
be eroded away. In higher latitudes where
rocks can become frozen at nights and then
are thawed during the day, the cycle of
expansion and contraction causes breakage.
Burrowing animals and roots of plants break
rocks and cause them to deteriorate.
Chemical weathering, on the other hand is the
breakdown of rocks due to chemical
reactions between the rock chemistry and the
gasses in the air or from fluids such as water
that come in contact with the rocks. Once the
rock chemistry is altered there is a loss of
cohesion and erosion can occur.

Individual lithologies weather in different
ways. This is largely due to the mineralogical
composition, grain size, grain types and
shapes and presence of inherent weaknesses
in the rocks such as joints, lamination, fossils
or linear features or structures.
The Obelisk is shaded on the northern side by
a tree (Figure 3), Albizia saman (obsolete
name Samanea saman) otherwise known as
the guango tree, cow tamarind or rain tree.
This tree produces pods with a sweet sticky
sap. The leaves, pods and sap affect the
obelisk as sap can be observed on some of the
rocks and on the base of the monument. The

Weathering is also affected by aspect or the
direction of the sun and for how long during
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tree is pruned occasionally and hence the
influence of this sap has not been continuous
over the life of the structure.

grain size and grain shape appear to have
significant impact on the monument. Within
some lithologies there are linear features such
as lamination, veins, fossils etc, which have
shown significant deterioration. It is to be
noted as well that the mortar used to hold the
rocks in place has also deteriorated and in
some cases this has contributed to the
deterioration of the rocks on the monument.

The obelisk is comprised of rocks of many
varying lithologies which represents the
entire geological history of Jamaica. Each
lithotype is affected by the environmental
conditions and exposure in different ways.
These are outlined later in the results. The

Figure 3. Photograph showing the obelisk and the over-hanging branches of the Albizia saman tree.

damage category assigned. Only three groups
of the four weathering forms described by
Fitzner and Heinrichs (2002) were observed
on the obelisk. These were, Group 1 - Loss of
Stone
Material;
Group
2
–
Discolouration/Deposits; Group 3 –
Detachment. Main and individual weathering
forms are outlined in Table 1. Figure 5 shows
a graphical representation of the forms in the
obelisk.

5. RESULTS

Fitzner and Heinrichs (2002) developed a
process for damage diagnosis on stone
monuments with weathering forms, damage
categories and damage indices. They later
went on to develop an atlas of weathering
forms (Fitzner and Heinrichs 2002). These
were used as the primary source for analyzing
the deterioration on the obelisk. The
weathering forms were identified and a
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Table 1. Table showing weathering forms observed on the Geography-Geology obelisk. The code for each
weathering group and individual forms are also listed. (Modified after Fitzner and Heinrichs (2002).
LEVEL I – GROUP OF WEATHERING FORMS ON OBELISK
Group 1 – Loss of stone material
LEVEL II
LEVEL III
MAIN WEATHERING FORMS
INDIVIDUAL WEATHERING FORMS
Back weathering due to loss of scales (Uniform loss of stone
material parallel to the stone surface due to contour scaling)
W
Back weathering
Back weathering due to loss of stone layers dependent on stone
structure (uniform loss of stone material parallel to the stone surface
due to exfoliation)
Weathering out dependent on stone structure (relief dependent on
structural features such as bedding, foliation, banding, etc. Frequently
striped pattern)

Relief

R

Clearing out of stone components (relief in the form of protruding
compact stone components – pebbles, fossil fragments, concretions all
due to selective weathering)
Roughening (finest relief or alteration of gloss due to corrosion or
loss of stone particles on smoothed stone surfaces)
Microkarst (relief due to corrosion, especially on carbonate rocks)

Breakout

O

xW

tR

Rh
Rr
Rm

Pitting (relief in the form of small pits due to biogenically/chemically
induced corrosion, esp. on limestone

Rt

Break out due to constructional cause

bO

Breakouts due to non-recognizable cause

oO

LEVEL I – GROUP OF WEATHERING FORMS ON OBELISK
Group 2 – Discolouration/Deposits
LEVEL II
LEVEL III
MAIN WEATHERING FORMS
INDIVIDUAL WEATHERING FORMS
Colouration (Chromatic alteration or colouring due to chemical
D
weathering of minerals, e.g. oxidation of iron and manganese
Discolouration
compounds)
LEVEL I – GROUP OF WEATHERING FORMS ON OBELISK
Group 3 – Detachment
LEVEL II
LEVEL III
MAIN WEATHERING FORMS
INDIVIDUAL WEATHERING FORMS
Granular disintegration into sand (detachment of small grains as
Granular
G
individual grains or grain aggregates)
disintegration
Splintering (detachment of larger compact stone pieces in the form of
Crumbly
P
splinters, e.g. compact carbonate rocks or quartzites)
disintegration
Single flakes (detachment of of one layer of flakes parallel to the
F
Flaking
stone surface)

The damage categories utilized in this study
are as described by Fitzner and Heinrichs
(2002, Fitzner et al 2004 and Fitzner (2014).
The damage categories have been

Dc

Gs
Pn
eF

established as a tool for the rating of damage
on the monument and can be used for risk
prognosis and risk management (Fitzner
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2014). Table 2 shows the damage categories
and their descriptions.

Table 2. Table showing damage categories used for study of the Geography-Geology obelisk. (modified after
Fitzner 2014).

Damage Category
No Visible damage
Very slight damage
Slight damage
Moderate damage
Severe damage
Very severe damage

Assigned Value
0
1
2
3
4
5

The obelisk consists of rocks from the three
rock types – igneous, sedimentary and
metamorphic (Figure 4) as well as whole
fossils. The fossils were added as a rocktype
as well as a lithotype in order for their
presence and related information to be
captured in the analyses. Limestone, a
sedimentary rock, represented the highest
percentage of lithotypes on the obelisk (31%)
whereas mudstone, conglomerate and grey
limestone
(also
sedimentary
rocks)
represented 2% each (Figure 5).

mortar was used to repair sections of the
obelisk and to mend cracks or holes in some
rocks. There was evidence of microkarsts
(Rm) on limestone samples and some fossils.
The mudrocks were unaffected and still had
their gloss because the samples were
impregnated with resin prior to installation
on the obelisk.
Igneous and metamorphic rocks suffered
from a discolouration (Dc) due to iron oxide
weathering particularly on the basalts and
amygdaloidal basalts. The dacites, diorites
and granodiorites only showed a loss of gloss
whereas the metamorphic rocks had
compound damage due to relief from both
roughening or loss of gloss (Rh) and
weathering out dependent on stone structure
(tR). Fossils showed similar issues as with
the metamorphic rocks with the major issues
being attributed to the structure of the fossils.
Granular disintegration (Gs), crumbly
disintegration (Pn) and flaking (eF) were
more prominent in volcanic igneous rocks
such as welded and lithic tuffs. These rocks
had back weathering that was evident from
the varying grain sizes. Weathering forms are
described in Figure 6.

Sedimentary rocks showed mainly signs of
discolouration, granular disintegration and
break out due to inherent features in the
rocks. The discolouration (Dc) occurred
mainly in the limestones where they change
from white or tan to pale brown, yellow
brown and red brown in rare cases, while
some rocks have black discolouration
possibly caused by the sap from the overhanging tree. Granular disintegration (Gs)
occurred on some conglomerates and
sandstones due to grain size differences.
Break out (oO, bO), clearing out of stone
components (Rh) and back weathering (W)
occurred where fossils exist in limestones,
course grains exist in sandstones and where
50
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Fossil

Igneous

Metamorphic

Sedimentary

4%

28%

58%
10%

Figure 4. Classification of one face of the obelisk using rock types .
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Figure 5. Classification of one face of the obelisk using lithotypes.
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Figure 6. Bar graph showing weathering forms by percent. The chart also shows combinations of weathering
forms affecting different lithotypes on the obelisk.

Twenty-two percent (22%) of all the rocks
studied showed no visible signs of damage,
with 35% and 25% showing very slight (1)
and very severe damage (5) respectively
(Figure 7). Although the total number of
fossils (4%) were small in comparison with
the other lithotypes, 40% of them showed
very severe damage and the remaining 60%
showing only slight to no visible signs of
damage. Closer inspection showed that
metamorphic rocks and plutonic igneous
rocks were least affected by environmental
conditions (Figure 8). Igneous rocks had 30%
with no visible signs of damage and 45% with
very slight damage with the remainder
having very severe damage. The igneous
rocks that showed most damage were

volcanic rocks, particularly lithic and welded
tuffs which accounted for a total of 7% of the
total lithotypes and 27% of all igneous rocks
studied. Weathering rates on the obelisk
differ depending on rock type (Table 3). This
is evident from the damage categories
observed. The weathering rates have been
calculated for select lithotypes on the obelisk
(Table 1).
This data has indicated that if the obelisk is
not repaired and specific methods employed
for strengthening the individual lithotypes
mounted on the monument, entire structure
will be completely deteriorated within 30
years.
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Figure 7. Classification of one face of the obelisk using damage categories.
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Figure 8. Bar graph showing lithotypes by percentage found on the obelisk.

This is particularly important because the
rocks support each other and as such if one
disintegrates completely it will cause the
surrounding lithotypes to fall off as whole
rocks. Figure 8 shows the extent of
deterioration of some lithotypes on the
obelisk. The shape of the rocks contributed to
the deterioration of the monument (Dario
1986). Other similar structures around the
Mona Campus were observed, and although
they are not as old as the Geography-Geology
obelisk, the deterioration has been relatively
minimal. Observed features have mainly
been very slight damage due to loss of gloss,
which is expected. However, these other
obelisks have regular-shaped lithotypes
(hexagons, rectangles, squares). This allows
for uniform sheeting of water during rain.
Also, these structures consist of only one

lithotype on the entire monument or each
face. The Geography-Geology obelisk has
multiple lithotypes (Figure 5) which were
sliced and mounted on a concrete frame all
put together by lime mortar (white cement
and limestone aggregate).
The inherent mineralogy of the rocks
contributed to the resistance and/or
vulnerability of the rocks (Dario 1986;
Matias and Alves 2002). It is also evident that
the chemical reaction between some rock
samples and the mortar also contributed to
the deterioration of some lithotypes
(Urquhart and Young 1998; Matias and
Alves 2002).
Lithotypes where the mortar was damaged
showed signs of break out and
disintegration.
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A

Figure 8. Photographs of severely damaged
lithotypes on the obelisk. A- Flaking and granular
disintegration; B- Roughening of serpentinite
caused by erosion of sandstone above; C- Break
out and back weathering due to stone
components.

C

B

Indicating that the broken mortar allowed
water to seep between the rocks and the frame
of the monument causing deterioration.

2002). As rain sheets off of the monument,
some rocks absorb water due to porosity, e.g.
limestone and sandstone, welded and lithic
tuffs. Other rocks such as diorites,
granodiorites are not porous and as such
would dry out relatively quickly.

Environmental conditions also contributed to
deterioration on the monument (Dario 1986;
Urquhart and Young 1998; Matias and Alves
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Table 3. Table showing weathering rates of select lithotypes from the obelisk

Lithtypes
Limestone
Basalt
Extrusive igneous rocks (tuff, ignimbrite)
Intrusive Igneous Rocks
Marbles and Fossils
Serpentinite

Total break
out/disintegration
(mm)
0-5
0-2
2-3
0
0-1
0

Weathering rates
(mm per year)
0.2
0.1
0.1-1.0
0.00
0.03

Time until total
disintegration
(years)
29.4
28.6
30.0
Undefined
33.3
undefined

6. CONCLUSION

The rocks in the obelisk deteriorated due to
several factors, chief among them are rock
types and grain size and type, presence or
absence of fossils, environmental conditions
(rain, sun) and chemical weathering from the
adjacent tree. The effect of the original
binding
material
and
aggregate
characteristics play an important role in
holding parts of the structure together as well
as providing agents that could have
accelerated weathering. If repair is not
effected soon, the monument may not last
another 30 years.

reviewers whose comments contributed to
the completion of the article.
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