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ABSTRACT 

The study relates environmental factors and the degree and 

mechanisms of building stone decay, operating at two sites in 

Tasmania; the Midlands town of Bothwell and the suburb of Battery 

Point in Hobart. 	At each of these locations, two buildings, dating 

from the period 1830-1840, were investigated. 

Environmental profiles for Bothwell and Battery Point were 

compiled from data available on the following parameters: geographical 

features and location, climate, soil types and surface and underground 

waters. 	Of these, climate was assumed to be a significant factor. 

A programme of chemical analyses was carried out at each site. 

The programme consisted of a combination of some highly technical, 

accurate and often costly analytical laboratory procedures coupled 

with other simple and unsophisticated field techniques. 	Building 

stone composition was evaluated using X-ray diffraction and X-ray 

microanalysis. 	Several methods were used to investigate the action 

of moisture and salts in the four sandstones. Combined scanning 

electron microscopy (SEM)/X-ray microanalysis was used in conjunction 

with conductivity testing and selective chemical reactions for 

chlorides and sulphates, while limited analyses of the soluble salts 

present and moisture content were also carried out. 

On the basis of the test results and their relationship to 

environmental parameters, it was possible to recommend certain general 

investigative practices with regard to the preservation, restoration 

and maintenance of Tasmania's historic sandstone buildings. 
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PREFACE 

This study was carried out under certain limitations on both 

time and resources. The total time allotted for the project was 

6 months, of which only about 3 months could be spent on the collection 

of data in the field. The budget for the project was less than $500, 

so the experimental programme was of necessity limited in both scope 

and depth. 

A major limitation was the impossibility of obtaining more than 

small surface samples from most sites (%0.5 g). 

With these constraints in mind, the project was directed toward 

the following objectives: 

- drawing attention to the problem of deterioration of Tasmania's 

heritage of colonial architecture; 

- adding to the data base available to those engaged in the 

development and implementation of conservation/preservation 

programmes within Tasmania; 

- attempting to identify some of the factors contributing to 

and accelerating the decay of sandstone in Tasmania's historic 

buildings, by way of a programme of chemical analyses and an 

examination of various characteristics of the physical 

environment at two sites in Tasmania: Bothwell and Battery 

Point; 

- to highlight some of the many vital areas where data is 

deficient and there is an urgent need for further investigation. 

In the course of the project period several major difficulties 

became apparent. The climatological data available was less than 

satisfactory and this situation was aggravated by the fact that the 

meteorological station at Bothwell ceased daily recording. after being 
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reduced to a fire-season station. 

Microclimatological data was found to be non-existent, leading 

subsequently to difficulties in interpreting the relationship between 

salt measurements and meteorological parameters. Resources limitations 

precluded the opportunity for monitoring the microclimate of each 

building. 	However, as the influence of microclimates are in turn 

defined by the prevailing macroclimate, it was thought that the project 

would still be of value , providing a measure of comparison of the 

influence of macroclimates at Hobart and Bothwell. 

Some discrepancies occurred between conductivity readings and 

chloride/sulphate concentrations in stone samples. In some cases, 

conductivity readings were considerably higher than the combined 

chloride/sulphate concentration. This can be explained by the possible 

presence of other electrolytic salts within the sample, probably 

carbonates. This discrepancy could probably have been avoided by 

the inclusion of an additional chemical test for carbonates. 

Conductivity readings much lower than the chloride/sulphate 

concentrations also occurred. These are a much more interesting and 

difficult phenomenon to attempt to explain. 	The conductivity meter 

was calibrated regularly against a standard NaCZ solution and at no 

time showed a deviation by more than 2% from its original calibration. 

Hence the phenomenon is not due to a faulty meter. The ions present 

responded to the chemical tests but did not give appropriate conductivity 

readings. 	It is possible that the ions were strongly adsorbed to 

very small clay particles giving a resultant low conductivity reading. 

Dissociation of the ions and clay particles may have resulted with the 

addition of the chemical reagents, enabling the ions to react chemically. 

Another possibility is that some of the ions, in particular chloride 

were largely present as complex ions which gave a low conductivity 

but reacted with silver nitrate. However, this is certainly an area 



which urgently requires additional research. Such discrepancies 

'appear elsewhere in the literature with no explanation. 

It would also have been valuable to have carried out tests for 

airborne salts. 	However, the results of research reported by Hutton(1976) 

make it highly unlikely that airborne salts could give rise to the 

level of salts found in the buildings under study. It would 

have been useful to have been able to remove larger stone samples for 

more detailed analysis but, due to the level of destruction which 

would result from such sampling, it is understandable that permission 

was not forthcoming. 

We are well aware of the limitations of this type of study, but 

this work still represents a significant extension of the investigation 

of deterioration in historic buildings in Tasmania. Only Port Arthur, 

a National Monument, has been studied in detail; there, extensive 

chemical and physical testing has been carried out. 	But there is a 

wealth of historic colonial architecture in Tasmania, much of which is 

owned privately. 	The problems faced by private owners in trying to 

manage their properties are substantial. Numerous small private studies 

have been carried out, but these have been far from comprehensive. 

So, considering the extent of the need for comprehensive 

investigation of deterioration in colonial buildings and the dearth 

of present data, we believe the objectives of this project have been 

largely fulfilled, particularly in pin-pointing vital areas which 

require urgent attention and also in adding to the limited data base 

available in this field. 	In addition, investigation of the Bothwell 

and Battery Point sites allowed some basic recommendations to be made 

with regard to the practical day-to-day management and maintenance of 

such sites. 
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CHAPTER ONE 

HISTORICAL AND ENVIRONMENTAL BASIS 

FOR THE INVESTIGATION 

1.1 Scope of the Investigation 

Attempts to preserve Tasmania's historic colonial architecture 

ought to be based upon extensive investigations into the elements 

contributing to the deterioration of these sites. However, with the 

notable exception of Port Arthur, little work has been done in this 

field. Despite severe limitations on time and available resources, 

it is hoped that this investigation may bring about greater awareness 

of the problem. 

Environmental factors such as rain, wind, humidity, temperature 

and the salinity of soil, groundwater and rainwater have substantial 

influences on the deterioration of historic sites. Moisture and salts 

have been identified by Winkler (1973) as the most damaging factors in 

stone decay) Evidence Evidence of salt attack has been found at some sites 

in the State, although the origin of the salt remains somewhat of a 

mystery. 

The main characteristics of the Tasmanian climate are low 

temperatures (by Australian standards), high humidity and a high 

frequency of wetting/drying cycles. These factors, combined with the 

relative lack of water and air pollution presents a unique opportunity 

to investigate the deterioration of historic stone buildings in the 

Tasmanian environment. 

The investigation is comprised of two parts: a programme of 

chemical analysis of stone and soil samples from selected sites; secondly, 

an examination of the environmental features of these sites and the 

effects of the physical environment in the deterioration of historic 

stone buildings. 	It is hoped that much useful information will result, 
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providing a broader data base to those engaged in the development 

and implementation of conservation/preservation programmes in 

Tasmania. 

The time available for the investigation to be carried out was 

a period of about six months; July to December 1981. Of this six 

month period, realistically only three months could be devoted to 

field work and sampling (July, August and September 1981). 	This time 

constraint meant that the scope and depth of the project had to be 

limited. 

It was decided to examine two sites, differing geographically, 

climatically and in their proximity to the ocean. Initially, Port 

Arthur, an historic site at which considerable conservation work has 

been carried out, was considered. However, it was thought that it 

may be more useful to select sites where little or no investigation 

had been carried out (see Plate 1.1). 

PLATE 1.1 Ruins of the Stone Church at Port Arthur 

Salamanca Place in Battery Point was also considered but rejected 

when it became obvious that obtaining suitable soil samples from that 

site would be virtually impossible (see Plates 1.2 and 1.3). 
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PLATE 1.2 

 

PLATE 1.3 

   

Salamanca Place Warehouses 

Again, due to the time factor, it was decided to limit the 

investigation to the deterioration of building stone, in this instance, 

sandstone. 	However, it was felt necessary to select more than one 

building at each location in an attempt to allow for specific site 

variations, such as aspect. 

The sites eventually chosen were the suburb of Battery Point in 

Hobart and the Midlands town of Bothwell. 	Battery Point is an historic 

village and a tourist attraction in itself, with many surviving colonial 

buildings, the histories of which have been well documented. 
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Bothwell also possesses many colonial buildings. 	In 1975 the 

Bothwell Municipal Council received a grant of $5000 from the Department 

of Urban and Regional Development for the purpose of carrying out a 

Conservation Study. 	This study stressed the need for preservation of 

historic buildings in Bothwell and provided much valuable historical 

information. 

Four buildings, all dating from 1830 - 1840, were selected. 

Three of these are constructed entirely of sandstone, while the other 

(Narryna) is primarily brick but has a frontage of dressed stone. 

Secheron House and Narryna in Battery Point were chosen as coastal 

sites. Wentworth House and the Old Barracks (also known as Fort 

Wentworth) in Bothwell were selected as inland locations. 

The following parameters were examined for Bothwell and Battery 

Point: geographical location, climate, surface and underground water 

bodies and soil types. Samples of soil and building stone were taken 

from the four locations during July, August and September 1981. 

Soil samples were tested for the following: pH, conductivity, 

and the presence of chlorides and sulphates. These tests were chosen 

in an attempt to assess the possibility of the soils being a major 

source of the salts responsible for building deterioration. 

A qualitative and quantitative image of the composition of the 

four building stones was determined by X-ray diffraction and thin 

section X-ray microanalysis. 	X-ray diffraction allows the identification 

of clay minerals present in the stone, while thin section X-ray 

microanalysis identifies and quantifies the elements present. Some clay 

minerals have a strong tendency to absorb water. This causes the clay 

to rapidly expand. A knowledge of the clay minerals present in stone 

allows for prediction of the likely reaction of individual stone types 

to varying degrees of humidity. 

Moisture and salts are the major factors in stone decay. 	A 

wide range of analytical techniques was employed in order to detect 



and identify the presence of salts in the stone samples. 	The 

techniques used were pH testing, conductivity, selective chemical 

reactions for the presence of chlorides and sulphates, and qualitative 

scanning electron microscopy (SEM)/X-ray microanalysis. 	Moisture 

content was also estimated for each of the four building stones. 

It should be noted that sampling is necessarily destructive. 	Most 

of the analytical techniques were non-destructive. 

1.2 Tasmania's Heritage of Colonial Architecture 

Tasmania has a vast heritage of colonial architecture. 	This 

heritage has been the subject of many publications: histories, reports, 

sketchbooks and photographic collections. 	Some of the works particularly 

relevant to this investigation are noted at the end of the chapter. 

Modelled on the English Georgian style, the Australian Colonial 

period began in the year 1788 with the first settlement, reached its 

height in the decade 1830-1840 and gradually declined through the 

eighteen-fifties.
3 The oldest settlements, New South Wales and 

Tasmania are the only Australian states possessing a significant heritage 

of Georgian style architecture. 	The early development of the two 

colonies was very similar. 	Both were founded as penal settlements. 

Van Dieman's Land was considered part of New South Wales until 1825 

and therefore came under the authority of Governor Macquarie, who became 

known as "The Building Governor". 	However, while Tasmania has many 

surviving architectural examples from the period, New South Wales has 

very few.
4 The reasons for this may be found in the writings of authors 

such as Bolger (1973), Hartwell (1954) and Townsley (1955). 5  

In summary, the creation of Tasmania's vast heritage of colonial 

architecture may be explained by the emergence, in the first half of 

the nineteenth century, of a set of social and economic conditions 

which led administrators, companies and individuals to invest in building. 



7 

A broad and sound economic base was quickly established and by 1840 

many buildings had been constructed. These conditions were tempered 

by the strong desires of the almost exclusively British colonists 

to liken their new environment to their land of origin and the far-

reaching influence of Governor Macquarie. 

However, this rapid economic progress foreshadowed a change in 

the nature of the colony - particularly the labour market. No longer 

solely a penal colony, consideration had to be given to the needs and 

aspirations of free settlers. With the late eighteen-forties came a 

period of social and political turmoil emanating from settler opposition 

to transportation and a growing desire for self-government. 	At this 

stage, the building industry began to decline. 

The survival of Tasmania's colonial architecture may be attributed 

in the first instance to a period of localized and protracted economic 

depression which extended into the eighteen-seventies. The fifties 

saw the mainland gold rushes, self-government and an end to transportation.. 

The combined effect of the gold rushes followed by economic depression, 

was to create a structural imbalance in the population, resulting in a 

community consisting mainly of women and children. 	This led to the 

virtual cessation of building activity, due to a scarcity of labour and 

a lack of capital investment. 

Hampered by its geographical isolation, and despite an upturn in 

the economy in the mid-seventies, Tasmania declined in importance in 

relation to the mainland. Subsequently, in contrast to the mainland 

centres, Tasmania continued to experience extremely limited economic 

growth coupled with a static population. Tasmania's later slow rate 

of development of towns and cities (compared to the rapid development 

of the early nineteenth century) has meant that early colonial architect-

ure has not come under the same pressures for demolition and replacement 

as similar mainland architecture. Therefore a high proportion of 
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nineteenth century buildings remain. 

1.3 The Colonial Style  

Tasmania was first settled in 1803 and it was soon recognised 

that the material requirements of the Georgian style coincided with the 

physical resources of the colony. From the very early days, good 

quality stone was available, especially in the southern part of the 

island. 	However, not only were building materials such as stone, 

timber and lime readily available, but also the convict labour and 

architectural skill to make use of these materials. 

The Colonial style (as shown in Figure 1.1), has been described 

and discussed by authors such as Dupain (1973), Freeland (1966), Smith 

(1968) and Solomon (1976). 6 

FIGURE 1.1  Examples of Colonial Architecture 
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The most distinct and appealing element of Georgian design is 

its symmetry. This was achieved by the use of rectangular shapes, 

regularly spaced windows and plain wall surfaces ;  producing clear 

straight lines with a minimum of ornamentation. 7 
However, the design 

quality was largely external; the interior usually consisting of a 

. 	8 central passage flanked by two rooms on each side. 	The only real 

difference between the colonial buildings of New South Wales and Tasmania 

seems to be the greater use of verandahs in New South Wales, in order .  

to combat the harsher summer climate, an adaptation which shows the 

plainer Tasmanian buildings to be closer to the original English model. 9 

1.4 History and Present Condition of Selected 
Buildings  

The location and year of completion for each of the 4 buildings 

are shown in Table 1.1. 

TABLE 1.1 Locations and Completion Dates for the Investigated 
Buildings 

Location 	Year of Completion 

Secheron House 	Battery Point 	1832 

Narryna 	Battery Point 	1840 

Wentworth House 	Bothwell 	1833 

The Old Barracks 	Bothwell 	1832 

. Hobart is second only to Sydney as the oldest city in Australia. 

During the eighteen-thirties the town flourished and many stone buildings 

were constructed. Figure 1.2 shows the locations of Secheron House 

and Narryna within the suburb of Battery Point, Hobart. 

Situated on the Lake Highway, about 80 km north west of Hobart, 

Bothwell also possesses many stone and brick homesteads and public 

buildings constructed in the first half of the nineteenth century. 
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FIGURE 1.2 	Battery Point 
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FIGURE 1.3 Bothwell- west bank of the Clyde River 



The locations of Wentworth House and The Old Barracks within the 

town are shown in Figure 1.3. 

The Old Barracks and Narryna are classic examples of the 

Georgian style. 	Secheron House and Wentworth House, while still 

displaying typical Georgian symmetry have each lost architectural 

consistency to some extent; Secheron House having a strong Gothic .  

influence and Wentworth House having been enlarged and a second 

storey added. 

1.4.1 Secheron House 

Bought by the State government in 1966, Secheron House is 

now a Textile Centre. 	A combination of Gothic and Georgian 

architecture, this 16 room freestone house was built in 1832 on 

a land grant of 8 acres by George Frankland, Surveyor General of 

. 	10 
Tasmania. Plate 1.4 shows Secheron House as it was in 1846. 

However, subsequent plates show Secheron House as it is today; 

complete with verandah. 	It is not known precisely when the 

verandah was added but it was obviously after 1846. 	Figure 1.4 

is a diagram of Secheron House. 

12 
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See  Plates  1. 5 - 1. 8.  

Secheron  House  1846.  

are  protected by  a  verandah;  here  the  chisel-marked sandstone  walls  

The  front  of the  building  and the  adjoining  eastern  wall 



PLATE 1 . 5 

PLATE 1 . 6 

1 4 

PLATES 1.5 and 1.6  Se cheron House - Front Verandah 



PLATE 1.7 

PLATES 1.7 and 1.8 Secheron House - chisel marked sandstone 

  

PLATE 1.8 
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The main back wall containing the entrance door shows signs of 

weathering. See Plates 1.9 and 1.10. 

PLATE 1.9 

PLATES 1.9 and 1.10 Se cheron House - rear entrance and exposed 
parapet wall 

PLATE 1.10 
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The northern rear wall is also bordered by a garden which means 

that this area would be constantly watered. On this wall the sandstone 

is extremely soft and crumbling in some places. There is also evidence 

of attempts at restoration with some reasonably new mortar in some 

spots. 	See Plates 1.12 to 1.16. 

PLATE 1.12 Secheron House - northern rear wall 

PLATE 1.13 Secheron House - deterioration of the northern rear wall 



PLATE 1.16  Secheron House - deterioration of the northern rear 
wall 

1.4.2 Narryna 

Standing on part of the old Knopwood farm, this red brick 

Georgian style house has a frontage of dressed stone. 	It has been 

suggested that the stone was brought out from England; however, this 

claim has not been verified. 	Designed by Edward Winch for Captain 

Andrew Haig in 1836, it was not until 1840 that Narryna was finally 

completed. 	Today Narryna is a Folk Museum
11 

(see Plate 1.17). 

Figure 1.5 is a diagram of Narryna, indicating the frontage of dressed 

stone. 

The face of smooth cut stone is a uniform greyish colour, fine 

textured and from a distance appears to be in excellent condition. 

However, a closer examination reveals that the surface of some stones 

are pitted and some corners broken. 	There are also some small damp 

spots. 	See Plates 1.18 to 1.21. 

20 



21 

PLATE 1.17 	Narryna 
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FIGURE 1.5 	Narryna 
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PLATE 1.18 Narryna - brick wall and dressed stone face 
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PLATE 1.19 

PLATES 1.19 and 1.20 Narryna - damp spots and pitting 

Alk 

PLATE 1.20 
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PLATE 1.21  Narryna - damp spots and pitting 

1.4.3 Wentworth House 

This sandstone house was originally single storey and consisted 

of 30 rooms (see Plate 1.22). 	It was completed in its first form by 

1833 for Captain D'Arcy Wentworth, the district police magistrate. 

In June 1833, the house was purchased by Major Charles Shaw who 

extensively altered the building, including raising the roof and adding 

another storey. 	This resulted in some loss of architectural 

consistency. 	In 1841 the building became a boarding school and later 

an Anglican rectory (1855 - 1958). 	In 1958 the property was purchased 

by the present owners, Mr. and Mrs. K.G. Downie.
12 
	Figure 1.6 is a 

diagram of Wentworth House. 

Except for the eastern wall, this smooth cut sandstone building 

has been painted. 	The entrance is on the northern side where there is 

a stone awning supported by two stone pillars. 	The awning and the 
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PLATE 1.22  Wentworth House 

FIGURE 1.6  Wentworth House 
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pillars remain unpainted (see Plate 1.23). 

PLATE 1.23 Wentworth House - Northern entrance 

As was the case with Secheron House, the most deteriorated 

areas of Wentworth House seem to be those places that remain damp and 

shaded and those that are adjacent to gardens. 	The northern wall is 

bordered by a garden, and at one spot where the paint has worn away, 

the exposed stone is extremely soft and powdery (Plates 1.24 and 1.25). 

The eastern (unpainted) side is bordered by a flagstone path 

and is shaded and damp with some growth of mosses and lichens. 	The 

stone has a light yellow-grey appearance with some rust spots, damp spots 

and areas that appear to have been weathered by water draining across 

the stones. 	Some stones are pitted and chipped particularly at the 

corners (Plates 1.26 to 1.31). 

1.4.4 The Old Barracks 

Overlooking the town, this stone military barracks was erected 

on Mt. Adelaide on the West bank of the Clyde River in 1832 (see Plate 

1.32). 	Alterations were made in 1849 (notably the removal of the 
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PLATE 1.24 Wentworth House - powdery stone beneath paint 

PLATE 1.25 Wentworth House - deterioration of entrance column 
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PLATE 1.28 Wentworth House - deterioration - eastern side 

PLATE 1.29  Wentworth House - growth of mosses and lichens 
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PLATE 1.30 Wentworth House - deterioration - eastern side 

PLATE 1.31 Wentworth House - rust spots 
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PLATE 1.32  The Old Barracks (Fort Wentworth) 

front verandah) to facilitate its use as a Police Office and Watch 

House. 	Graffiti, such as dates, sketches and the names of prisoners 

can still be seen on cell walls. 	Currently used as a residence, the 

building has recently been purchased by the Bothwell Council; the 

verandah has been restored and it is hoped that the building may 

eventually be opened to the public.
13 
	Figure 1.7 is a diagram of 

The Old Barracks. 

The Barracks are constructed of rough cut sandstone, the chisel 

marks being plainly evident. A verandah protects the front eastern 

wall and half of the northern side (see Plates 1.33 and 1.34). 	Here 

the stone is primarily a light gold colour with a great deal of rust 

striping. 	There is also evidence that the eastern wall had once 

been painted (see Plate 1.35). 
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The western side is very damp due mainly to poor drainage. 

AL one time, this wall must have been in very poor condition as it has 

been almost completely rebuilt , evidenced by the new mortar and the 

irregular sizes and shapes of the stones. A stone wall at the back 

of the barracks probably gives a good indication of the western wall 

before restoration (see Plates 1.36 and 1.37). 

The southern side is damp and shaded, allowing the growth of 

mosses and lichens. 	A tap is situated near the wall; the kitchen is 

located on this side and waste water drains down the slope. 

The wall has a dark grey/blue appearance possibly due to the growth 

of mould (plate 1.38). 

Secheron House, Wentworth House, Narryna and The Old Barracks 

all date from the decade 1830 - 1840, at the height of the Australian 

Colonial period. With the possible exception of The Old Barracks, 

these buildings have been in constant use from that time and have been 

well enough maintained to the best of the various owners' abilities and 

knowledge. 

The weathering of stone is a natural and continuing process and 

some deterioration must be expected. 	It is obvious, however, that 

there are specific areas at each site which show a much greater degree 

of deterioration in comparison with the rest of the building. 

PLATE 1.36 The Old Barracks - western wall 



PLATE 1.37 The Old Barracks - stone wall at the rear 

PLATE 1.38 The Old Barracks - southern side 
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The following Sections are an attempt to identify some of the 

factors contributing to and accelerating the decay of sandstone by way 

of a programme of chemical analyses and an examination of various 

characteristics of the physical environment at each site. 
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CHAPTER TWO 

ENVIRONMENTAL PROFILES OF SELECTED SITES 

2.1 Environmental Parameters Investigated  

The long-term influence of environmental factors on the 

deterioration of the building stone at Secheron House, Narryna, 

Wentworth House and the Old Barracks, has been assessed through an . , 

examination of the climate and physical geography of both Bothwell 

and Hobart. Specific parameters investigated were: geographical 

location, distance from the ocean, elevation, rainfall, temperatures, 

humidity, prevailing winds, landforms and soil types. 

Available soil information was found to be rather limited. 

Therefore, a sampling programme was carried out to augment the 

available literature. This sampling programme provided readings for 

pH, conductivity and the levels of chlorides and sulphates for the 

soils found in the grounds of the four buildings. 

With regard to the testing of the various building stones 

(discussed fully in Chapters 4 and 5), it must be remembered that 

weather conditions in particular may influence the results obtained, 

from day to day. For example, under certain conditions of temperature 

and humidity, salts may remain in solution in the stone samples, making 

it impossible to detect and identify the salts present at the surface. 

In order to mitigate these influences, sampling was carried out each 

Wednesday at both locations and under a variety of weather conditions. 

2.2 Site Location and Climatic Data 

The geographical locations of Bothwell and Hobart are shown in 

Figure 2.1. 	Hobart lies on the Derwent River Estuary, thirty 

kilometres from the open ocean. 	Secheron House (elevation 20 metres) 

and Narryna (elevation 30 metres) are situated in Battery Point on 
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the western shore of the Derwent Estuary)  

Bothwell is situated in the Clyde River Valley in the Midlands. 

Approximately 80 km north west of Hobart, the town has an elevation 

of 350 m above sea level and is about 110 km from the ocean. Both 

Wentworth House and the Old Barracks are located on the west bank, 

of the Clyde River. 

FIGURE 2.1  Hobart and Bothwell: Geographical Locations 

1450  



42 

Climatic information for Hobart and Bothwell has been compiled 

from the records and publications of the Bureau of Meteorology, 

Ellerslie Road, Hobart. 

The climate of Hobart, and especially the western shore, is locally 

governed by Mt. Wellington. The average rainfall for western shore 

suburbs is higher than elsewhere and the shadowing effect of the mountain 

also means that western shore suburbs receive less sunshine per year 

than those on the eastern shore. 

Rainfall is generally distributed evenly throughout the year, the 

annual average being 631 mm. There is a slight peak in June and October, 

while January and February are the driest months. A correlation exists 

between rainfall and wind; rain is more likely to eventuate with winds 

between south and south-east, but less likely with winds from the north-

east to north-west. 	In general, relative humidities below 30% are 

uncommon. 

The mean annual maximum temperature is 16.7°C while the mean 

annual minimum temperature is 8.1 °C. The frost period is May to September, 

However, heavy frosts usually average only 18 days per year due to the 

moderating influence of the water body. Serious flooding has occurred 

on a number of occasions in Hobart City, the worst being in April 1960. 2 

Bothwell is the centre of an agricultural area located in the 

south-east of the Midland Climatic Survey Region. The average annual 

rainfall is 557 mm. In the months January, February and March the 

chance of exceeding 21/2 cm rainfall drops below 70%. In all other months 

the chance of receiving at least 21/2 am of rainfall exceeds 70%. 

Humidity is at a minimum in December and January, and a maximum in June 

and July; a seasonal variation common to most inland areas. 

The mean annual maximum temperature is 16.5°C with 3.8°C the mean 

annual minimum temperature. The lower valley areas are almost frost-

free during the summer months. Very heavy frosts occur in July and 

August. 
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The winds to which Bothwell is exposed are those primarily of 

a westerly component. Localised flooding occurs fairly frequently, 

the most severe occasion being the flood in April 1960. 3 

Tables 2.1 - 2.7 compare the following detailed climatic 

information for Hobart and Bothwell: average monthly rainfall, average 

monthly rain days, average monthly sunshine hours, monthly mean relative 

humidity, mean monthly maximum and minimum temperatures and annual 

percentage frequencies for wind speed and direction. 

TABLE 2.1  Average Monthly Rainfall (mm) 

Hobart 	Bothwell 
1882-1979 	1915-1979 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

49 	37 

42 	41 

47 
	

37,  

54 
	

51 

49 
	

45 

58 
	

45 

54 

51 

51 

47 

47 

45 

63 
	

56 

56 
	

53 

57 
	

53 

Annual 
	

631 	557 



TABLE 2.2 Average Monthly Rain Days 

Hobart 	Bothwell 
1882-1979 	1915-1979 
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January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

	

11 	8 

	

9 	8 

11 
	

9 

12 
	

11 

14 
	

12 

14 
	

13 

15 
	

14 

16 
	

14 

15 
	

13 

16 
	

14 

14 
	

13 

13 
	

1 1 

Annual 
	

147 
	

140 



TABLE 2.3  Average Monthly Sunshine Hours have been calculated 
for both Hobart and Bothwell. The following method 
was used. 

M/N  = -1.206 C + 1.271 

M = measured sunshine hours 

N = maximum sunshine hours 
4 

C = total daily cloud cover (monthly average) 

Average Monthly Sunshine Hours/Day 

Hobart 	Bothwell 
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January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

	

12.5 
	

13 

	

11.1 
	

11.5 

	

, 9.5 
	

9.7 

	

7.6 
	

7.9 

	

5.9 
	

5.0 

	

5.2 
	

5.0 

	

5.3 	5.8 

	

7.2 	7.0 

	

8.8 	9.0 

10.0 

12.0 

13.0 



TABLE 2.4 Mean Monthly Maximum and Minimum Temperatures 

Hobart (1883-1979) 

Maximum 	Minimum 

Bothwell 

Maximum 

(1965-1978) 

Minimum 

January 21.4 11.6 22.6 7.2 

February 21.5 11.8 23.3 7.4 

March 20.0 10.6 20.6 6.3 

April 17.1 8.7 16.8 4.3 

May 14.2 6.7 13.5 2.2 

June 11.8 5.1 10.9 0.1 

July 11.4 4.4 
1. 

10.6 -0.2 

August 12.8 5.0 11.7 0.6 

September 14.9 6.2 13.6 2.2 

October 16.8 7.5 16.5 3.3 

November 18.5 9.0 17.8 5.5 

December 20.1 10.6 20.2 6.5 

Annual 16.7 8.1 16.5 3.8 
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TABLE 2.5 Monthly Mean Relative Humidity (%) 

Hobart 

9 a.m. 

(1939-1981) 

3 p.m. 

Bothwell 

9 a.m. 

(1965-1981) 

3 p.m. 

January 59 53 62 43 

February 63 55 67 44 

March 66 . 	55 72 51 

April 70 59 75 61 

May 76 63 78 64 

June 79 68 81 68 

July 78 66 82 69 

August 74 60 77 63 

September 66 56 70 58 

October 62 56 65 53 

November 59 55 69 53 

December 59 58 62 50 

TABLE 2.6 Wind Direction (Annual % Frequencies) 

Hobart (1944-1973) 	Bothwell 

9 a.m. 	3 p.m. 	9 a.m. 

(1965-1973) 

3 p.m. Direction 

Calm 8 4 16 35 

N-NNE 9 6 3 4 

NE-ENE 3 3 5 5 

E-ESE 4 12 4 2 

SE-SSE 6 21 3 1 

S-SSW 7 9 5 4 

SW-WSW 6 8 37 27 

W-WNW 9 11 16 12 

NW-NNW 48 26 11 10 
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TABLE 2.7 Wind Speed 

Hobart (1944-1973) 	Bothwell (1965-1973) 

Speed 
	

9 a .m . 	3 p.m. 	9 a.m. 	3 p.m. 

Calm 
	a 	4 
	

35 
	

16 

1-11 
	

42 
	

34 
	

38 
	

44 

12-28 
	

46 
	

56 
	

20 
	

30 

29-49 
	

4 
	

6 
	

6 
	

8 

50-74 
	

1 
	

2 

Although Bothwell does experience the seasonal variations typical 

of inland areas, due to its elevation and distance from the ocean, in 

many instances the climatic differences between Hobart and Bothwell are 

quite marginal. 

The monthly averages for the months when sampling took place 

showed only one outstanding difference: the much lower average monthly 

minimum temperature for Bothwell, as shown in Table 2.4.
5  

The average 

monthly maximum temperatures for Hobart and Bothwell over the sampling 

period (July, August and September) varied by only one degree. 	The 

differences in rainfall, rain days, sunshine hours and relative humidity 

were also very slight for the same period. 	Annually, however, Bothwell 

does not experience windy conditions as often as Hobart. 	It was noted 

that each of the selected buildings showed marked deterioration in the 

areas exposed to the prevailing winds, south-west in the case of Bothwell 

and north-west for Hobart. 

2.3 Geography and Soil Information  

Some information on the landforms and soil types of Bothwell 

and Hobart may be found in publications such as the Atlas of Australian 

Soils, Atlas of Tasmania and theses such as The Historical Geography of 

the Clyde Valley.
6 
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The soils found in the Hobart and Bothwell areas have been 

classified as salt-affected. According to Northcote and Skenes (1972) 

there are 6 categories of salt-affected soils. These are listed in 

Table 2.8.
7 

TABLE 2.8 Salt-affected Soils in Australia 

SS 	Saline soils 

AS1 	Alkaline strongly sodic to sodic clay soils with uniform 
texture profiles 

AS2 	Alkaline strongly sodic to sodic coarse- and medium- 
textured soils with uniform and gradational texture 
profiles 

AS3 	Alkaline strongly sodic to sodic duplex soils 

NS1 	Non-alkaline sodic and strongly sodic neutral duplex 
soils 

NS2 	Non-alkaline sodic acid duplex soils 

Hobart soils fall into the AS1 category. These soils are dominated 

by either exchangeable sodium, sodium bicarbonate or sodium carbonate 

and usually have a pH of 8.0 - 9.5. AS1 soils extend over a large area 

of Tasmania, mainly in the west but also over some large areas in the 

east - as shown in Figure 2.2. Generally, these self-mulching, cracking 

clay soils occur in low rainfall areas and moisture is restricted to 

the surface layer. 

The Bothwell area possesses both NS1 and NS2 soils. These sodic 

soils have an exchangeable sodium percentage (ESP) of 6 or more. 	In 

Tasmania NS1 soils usually occur in areas with annual rainfall of around 

550 mm. These soils are commonly found on plains and undulating grazing 

land. On hills, erosion becomes a problem. NS1 soils have an ESP of 

between 6 and 14. 
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NS2 soils have an ESP of 15 or more. These soils occur in 

valleys, plains and slopes in higher rainfall areas (550-750 mm/year). 

Figure 2.2 shows the distribution of soils in Tasmania. 

FIGURE 2.2 Tasmanian Soils 
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It is worth noting some points regarding the surface and underground 

waters of the Midlands. Bothwell is situated on mudstone and Triassic 

sandstone, the surrounding hills being capped with dolerite.
8 The 

nature and amount of dissolved mineral matter in surface and underground 

waters depends on the rocks the water traverses and this will determine 

the suitability or otherwise of the waters for various uses such as 

irrigation or household use. 

In the areas of Tunbridge Plains and Ellenthorpe the occurrence 

of numerous saline lagoons and salt pans suggest the presence of salt 

in these sandstones. However, in other parts of the Midlands this does 

not seem to be the case. 	The presence of salts in the sandstones 

around Bothwell would result in injurious effects on vegetation and it 

appears that the surface and underground waters have a similar composition. 

The explanation proposed for the existence of salts in some 

sandstones and not in others is that the majority of the Triassic sand-

stones of the Midlands were deposited under lacustrine conditions and 

should therefore be relatively free of mineral matter. However, the 

sandstones around Ellenthorpe and Tunbridge are saliferous, due to the 

accumulation of these deposits under arid conditions.
9 

2.4 Soil Analysis from Sites  

Investigations carried out on soil samples from the Hobart and 

Bothwell sites and the procedures followed are shown in Table 2.9. 

Due to the layout of established lawns and gardens at Narryna, it was 

not possible to obtain a large number of soil samples from that site. 

The precise locations from which the samples were taken are shown in 

Figure 2.3. 
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TABLE 2.9 Soil Analysis Procedures 

Procedures 

x x x x 1. Weigh 	out 9 grams field soil 
2. Add 40 ml deionised water 
3. Stir 
4. Allow to stand 1 hour 
5. Stir 
6. Calibrate pH meter using potassium acid 

phthalate buffer 
7. Clean electrode and set temperature 
8. Measure temperature of sample 
9. Measure pH of sample 

The samples previously used for pH 
x x 	x 	x 	measurements were tested with a conductivity 

meter which was frequently calibrated against 
a standard sodium chloride solution. At no 
time did the meter deviate more than 2% from 
its original calibration. 

The same samples were centrifuged for 10 . 
minutes at 10,000 r.p.m. Precipitation 
reactions with acidified barium chloride 
(10-2  M HCL in BaC20 and silver nitrate 
(10-2  M HNO 3 

in AgNO 3 ) were then used to 
test the remaining solutions for the presence 
of chlorides (silver nitrate) and sulphates 
(barium chloride). The resulting precipitates 
were compared with standard solutions to give 
an estimate of the amount of salt present in 
p.p.m. 
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Location of Soil Samples FIGURE 2.3 
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wall 

Secheron House 

41.•10110,  

p  

441.11.wa 

Transect line 2.5 
metres from verandah. 
Samples taken every 
2 metres at depths of 
35-40 cm. 
Date 16/9/81 

Narryna 

11\ 

X Sampling points. 
Samples taken between 
1/7/81 and 26/8/81 
at depths of 25-30 cm. 

Transect lines. 
Samples taken every 
2 metres at depths 
45-50 cm. 
Date 16/9/81 

Transect lines. 
Samples taken every 2 
metres at a depth of 
approximately 40 cm. 
Date 16/9/81 

The Old Barracks Wentworth House 

• 

lawn 

Fence 
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Although sodium, magnesium and potassium salts all affect the 

growth of vegetation, sodium chloride is perhaps the most important 

salt associated with salinity problems in soils. A basic salinity 

scale is shown in Table 2.10.
10 

TABLE 2.10 Basic Salinity Scale 

<2% NaC1 - slightly saline 

2-4% NaC1 - moderately saline 

4% NaCl - highly saline 

Even though the soils around Bothwell and Hobart have been 

classified as 'salt affected', the results of analysis carried out on 

soil samples from Bothwell and Battery Point, as presented in Tables 

2.11 - 2.14, determined that the salt levels in these soils were 

negligible. So, it would appear that soils are not a potential source 

of salt as far as the four selected buildings are concerned. However, 

as rising damp processes cause accumulation of salts, a low level in 

soils does not mean they cannot gradually provide salts to cause 

masonry damage. 

2.5 Comparison of Environmental Data  

Major differences in climate, location and soil types for Bothwell 

and Hobart are compared in Table 2.15. 

In spite of these differences, the degree and pattern of stone 

deterioration in the selected buildings at Bothwell and Hobart is 

remarkably similar - the places where damage is most evident being damp, 

shaded areas and especially those walls in the path of the prevailing 

winds. 



TABLE 2.11 Soil Samples 

pH 

(16/9/81) Secheron House 

Conductivity 	Chlorides 
PPm 

Sulphates 
PPm 

Sample Number 

46 7.8 0.08 100 <400 

47 7.75 0.05 100 <400 

48 7.8 0.07 100 <400 

49 8.05 0.07 trace trace 

50 7.9 0.06 100 trace 

51 7.7 0.05 <100 <400 

52 7.9 0.05 trace 0 

53 7.9 0.09 <100 trace 

TABLE 2.12  Soil Samples (1/7/81 - 26/8/81) Narryna 

Sample Number 	pH 	Conductivity 

9 7.3 0.03 

10 8.1 0.03 

14 7.1 0.03 

20 6.7 0.03 
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TAB6• . 	11 	Soil Sample:: 	(16/9/81) Wentworth Houne 

Sample Nmahq •II Condniiivily Oiloilde, :tilphalei. 

* Wu PI'm 

0 7.7 0.05 <100 trace 

1 6.9 0.01 0 

2 6.7 0.01 0 0 

3 7.5 0.03 trace 0 

4 7.7 0.05 trace 0 

5 7.3 0.02 trace trace 

6 6.7 0.02 0 0 

7 6.8 0.02 trace 0 

8 7.1 0 0 0 

9 6.8 0.03 0 0 

10 6.5 0.01 0 0 

11 6.2 0.01 0 0 

12 5.9 0.02 0 0 

13 5.8 0.01 0 0 

14 6.6 0.01 <100 <400 

15 6.6 0.02 <100 <400 

16 6.3 0.01 100 <400 

17 6.3 0.01 <100 <400 

18 6.7 0.01 <100 <400 

19 6.5 0.01 <100 0 

20 7.1 0 <100 trace 

21 7.1 0.04 100 400 

22 7.8 0.04 0 0 

23 8.0 0.03 100 0 

24 7.7 0.03 0 0 

25 7.8 0.03 	. <100 <400 

26 7.7 0.04 0 0 

27 7.6 0.05 0 0 

28 7.6 0.03 0 0 

29 7.5 0.02 <100 	• 0 

30 7.7 0.04 100 0 

31 . 	7.5 0 0 0 
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TABLE 2.14 	Soil Samples (16/9/81) The Old Barracks 

Sample Number pH Conductivity Chlorides Sulphates 

PPm PPm 

32 5.25 0.01 <100 trace 

33 6.8 0.05 <100 trace 

34 6.7 0.03 <100 0 

35 6.2 0.01 0 0 

36 7.65 0.06 <100 0 

37 7.6 0.02 100 <400 

38 7.5 0 <100 trace 

39 6.9 0.02 trace trace 

40 6.6 0.02 trace trace 

41 6.9 0.03 trace trace 

42 7.1 0.04 trace trace 

43 6.9 0.02 trace 0 

44 6.7 0 0 0 

45 6.7 0.03 trace 0 



TABLE 2.15 Comparison of Environmental Data 

Bothwell 	Hobart 

Location - Latitude . 
- Longitude 

	

42
o
23' S 	42o53' S 

	

147
o E 	147o20' E 

Elevation above sea level 	350.0 m 	55.2 m 
(Bureau of Meteorology) 

Distance from open ocean 	Approx. 110 km 	30 km
* 

Average annual rainfall 	557 mm 	631 mm 

Average annual rain days 	140 	147 

Mean annual maximum temperature 16.5
o
C 	16.7

o
C 

	

3.8
o
C 	8.1

o
C Mean annual minimum temperature 

Predominant wind direction 	SW-WSW 	NW-NNW 

Soil types 	 NS17NS2 	AS1 

Hobart is located on the shores of the Derwent Estuary but some 
30 km from open ocean. 
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CHAPTER THREE 

EVALUATION OF BUILDING STONE COMPOSITION 

3.1 The Need for Analysis of Building Stone  
Composition 

Tasmanian Triassic sandstone exists in large quantities and, 

since the very early days, has been widely used for building. The 

locations of some of the early Tasmanian stone quarries is shown in 

Figure 3.1. 1 

FIGURE 3.1  Quarry Map - Tasmania 
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III limestone 
o grindstone 
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X fire clay 

_of  earthly mine rrals and 
building stone 

  

The physical environment can affect the quality and durability of 

building stone. 

Building stone is transported from its natural physical 

environment to the building site where it may be exposed to different 

weathering agents. This may lead to the acceleration of the 

weathering process. 

The environments in which the four selected buildings have 

existed for more than 150 years have been described in Chapter 2. 



This chapter deals with the composition of the sandstones used in 

the construction of these buildings. 

Two methods of investigation have been used: X-ray diffraction 

and polished thin section microanalysis. 	X-ray diffraction allows .  

the identification of clay minerals present in the stone and a semi- 

quantitative estimate of the stone composition can be obtained. From 

this knowledge of the clay content, predictions can be made regarding 

the behaviour of the stone under specific environmental conditions. 

The second technique, thin section microanalysis, identifies and 

quantifies the elements present in the stone. 

Sandstones are a mixture of mineral grains and small eroded rock 

fragments.
2 The mineral grains may be large like muscovite mica, 

biotite mica and chlorite, or fine grained such as the clays of the 

kaolin and montmorillonite groups. It is the fine grained clays that 

are of greatest concern in relation to stone deterioration. 

Clays are natural materials consisting of fine mineral particles 

of less than 21.1 diameter. 	Clays influence stone behaviour as some 
0 

	

	

expand on absorption of water.
3 Thus, their presence may contribute 

to stone disintegration. 

The clay composition depends largely upon the mineralogical 

and chemical composition of the parent rock and on the chemical 

conditions of weathering. In Nature clays are formed in the region 

of atmospheric weathering on the Earth's surface and at depth. The 

physical disintegration and chemical decomposition of volcanic and 

sedimentary rocks leads to their formation. Clays are constituent 

elements in many soils and stone types. 

Clays are crystalline in nature, and therefore it is possible 

to identify their component minerals by X-ray diffraction. 
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The minerals most commonly found are kaolinite, mica, montmorillonite, 

illite and chlorite. Other minerals such as quartz, feldspar, 

dolomite, calcite are also present in the <2 microns fraction. 

The most common feature of clay minerals is a strong tendency 

to absorb moisture. . This property influences the expansive behaviour 

of stone and dry clays may expand considerably as they can absorb large 

amounts of moisture. 	Other properties such as consistency, strength 

and density are also dependent on water content. 

The greatest potential for clay expansion is found in montmorillonite 

with sodium, and, more commonly potassium, as exchangeable ions. 

Crystals of montmorillonite dissociate in water into platelets about 

10 A thick. 4 
 The sodium or potassium ions and water molecules occupy 

the space between clay-crystal layers. 	The increase in volume is the 

result of water penetration (see Figure 3.2). 

FIGURE 3.2 5 Moisture uptake by clay minerals with expanding 
lattice 
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Swelling occurs because the forces of attraction between clay-

crystal layers are lower than the forces of attraction responsible 

for the absorption of moisture. 	The difference in magnitude of 

these forces determines the expansive behaviour of clay minerals. 

Clay minerals such as sodium montmorillonite, and more commonly 

found in Tasmanian sandstones, potassium montmorillonite, have expandiny 

lattices. 	Therefore, it was considered important for the purpose of 

this work to identify their presence in the building stone. 

3.2 X-Ray Diffraction  

3.2.1 Sample Preparation and X-ray Diffraction 
Technique 

X-ray diffraction in crystals is an important phenomenon which 

can be used to locate the relative position of atoms in a solid. 

Detailed descriptions of the technique can be found in most physics 

texts. 

Stone samples were taken from all of the four buildings under 

0 
	 investigation. 	The X-ray identification of clay minerals was carried 

out by the Tasmanian Department of Mines. The technique used is 

described in full in Green and Woolley (1981).
6 

About 50 grams of sandstone was broken with a hammer and then 

disaggregated in tap water and allowed to stand until the sand and 

silt fractions settled out. 	The remaining suspension of clay particles 

was placed on a glass slide and allowed to dry at room temperature 

for about 24 hours. Preliminary scans were then made to identify 

the clay types present. 
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Changes in relative humidity cause variations in the basal 

spacing in clay minerals with expanding lattices, such as montmoril- 

lonite. 	This can lead to changes in the angular position and intensity 

of the X-ray diffraction maxima. 	The basal spacing can be fixed by 

the formation of a complex, made up of a clay mineral and an organic' 

liquid. 	In this case ethylene glycol was used. 

When montmorillonite was found, the mounted slide samples were 

glycolated with a small amount of ethylene glycol either in a dessicator 

at room temperature and under reduced pressure, or by placing the 

0 
dessicator in a large oven set at 50C. 	After this treatment, reasonably 

sharp, basal X-ray diffraction peaks were recorded and the expansion of 

0 	0 
the characteristic K-montmorillonite at about 14 A to 17 A lattice 

was confirmed. 

X-ray diffractograms before and after glycolation were recorded 

0 
allowing a comparison of results for the 4 to 29 of 2 0 range (see 

Figures 3.3 - 3.6). 

Attention was focused on montmorillonite because of the expansion 

potential and therefore also the potential for stone deterioration when 

water or organic liquids are present. 	Most of the diffraction peaks 

were relatively broad, indicating a poor crystallinity of samples. 

3.2.2 Interpretation of X-ray Diffraction Results 

The results of X-ray diffraction analysis are summarised in 

Table 3.1. 	The basal spacing was calculated using Bragg's Law and 

taking into account the wavelength of the X-ray radiation which was 

0 
CuK = 1.54 A. 

a 



TABLE 3.1 	The X-ray identification of clay minerals (all samples glycolated) 

Minerals present 	Angle of diffr. 	Basal spacing 
in the sample 	20( ° ) 	d (A) 

Glycolation effects 
on peaks 

(A) 
Remarks Sample 

Wentworth House 
(Bothwell) 

Montmorillonite 5.5 16.3 expansion to d = 17 low total 
clay content 

Illite 8.75 10.1 no change 
Kaolinite 12.00 7.4 11 

Illite 17.25 5.1 
Kaolinite 19.75 4.5 11 

Quartz 20.75 4.3 11 

Kaolinite 24.50 3.6 
Quartz 26.25 3.4 

The Old Barracks 
(Bothwell) 

Montmorillonite 5.9 14.9 expansion to d = 17A low total 
clay content 

Illite 8.75 10.1 no change 
Kaolinite 12.25 7.2 11 

Illite 18.00 4.9 11 

Kaolinite 24.75 3.6 
Quartz 26.5 3.36 

Secheron House 
(Hobart) 

Montmorillonite 6.5 13.6 expansion to d = 17A low total 
clay content 

Illite 8.75 10.1 no change 
Kaolinite 11.5 7.7 
Kaolinite 24.75 3.6 
Quartz 26.5 3.36 11 

Narryna 
(Hobart) 

Montmorillonite 6.5 13.6 expansion to d = 17 low total 
clay content 

Illite 8.75 10.1 no change 
Kaolinite 12.00 7.4 
Illite 18.00 4.9 II 

Kaolinite 25.00 3.56 
Quartz 26.25 3.4 

cy■ 
(•.1') 
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Four minerals were identified in the samples: montmorillonite, 

illite, kaolinite and quartz. 	Montmorillonite is a hydrous alumino- 

silicate with potentially many variations due to its ion exchange 

capacity. 	It is a complex group of fine grained minerals, comprised 

of mica packets with water and cations between layers. 	The potential 

for ion exchange is greatest for montmorillonite (80-150 meq/100g), 

intermediate for the mixed layer (illite or chlorite 10-40 meq/100g), 

and lowest for kaolinite*(3-15 meg/100g). 

Cation exchange is important because changes may occur in the 

composition of the clay minerals. 	This feature is closely related 

to the environment as chemical changes can be brought about due to 

groundwater penetrating the stone. According to Green and Woolley 

(1981) the cation exchange capacity can contribute to the formation of 

soluble salts and therefore to the mechanical disintegration of building 

stone.
7 

Montmorillonites are commonly formed under alkaline conditions 

from basic igneous rocks containing feldspars and ferro-magnesian 

minerals. 	Additionally, the alteration of volcanic glass (obsidian) 

particles to montmorillonite may take place, according to the following 

equation: 

Na
2
KCaA1

5
Si

11
0
32 

+ MgSiO
3 
+ H

2
0 + 4H

+ 
+ 4HCO

3 
+ 

volcanic glass 	carbonic acid 

+ Na(A2
5
Mg)Si

12
0
30

(OH)
6 

+ Na
+ 

+ K
+ 

+ Ca
++ 

+ 411CO
3 

Na-montmorillonite 

Figures 3.3 to 3.6 are the diffractograms for the 4 samples. 

The four diffractograms showed montmorillonite peaks for non-

glycolated specimens appearing at 20 = 5.5 to 20 = 6.5 which corresponds 

to d = 16.31 to d = 13.6A. The basal spacing d(001) was calculated from 

Bragg's equation 2d sin 0 = nX. 8 	The difference in the basal spacing 
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glycolated or not. The glycolation produced swelling to about a 

0 
d-value of 17A. Only the complex with ethylene glycol has a stable 

basal spacing. The diffractograms from the four sandstone samples 

indicated a clear difference in the position of the peaks for glycolated 

and non-glycolated samples. 	For example, the montmorillonite peak for 

0 
the non-glycolated sample from Wentworth House was at 20 = 5.5 , 

corresponding to d = 16.3A, while for the glycolated sample the peak 

0 
shifted to 20 = 5.2 , corresponding to d = 17A. 

FIGURE 3.3 Diffractograms of sandstone from Wentworth 
House, Bothwell 

(a) non-glycolated 	(b) glycolated 
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The sandstone sample taken from The Old Barracks at Bothwell 

0 	 0 
produced montmorillonite peaks at 20 = 5.9 (corresponding to d = 14.9A) 

0 
for the non-glycolated sample and at 20 = 5.2 (corresponding to 

0 
d = 17A) for the glycolated sample. 

FIGURE 3.4  Diffractograms of sandstone from The Old Barracks, 
Bothwell 

(a) non-glycolated 	(b) glycolated 
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For Secheron House, Hobart, the montmorillonite peak before 

0 	 0 
glycolation was at 20 = 6.5 , corresponding to d = 13.6A. After 

0 
glycolation the peak shifted to 20 = 5.2 (d = 17A). 

FIGURE 3.5 Diffractograms of sandstone from Secheron 
House, Hobart 

(a) non-glycolated 	(b) glycolated 
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Similarly, for the sample from Narryna, Hobart, the montmorillonite 

0 	0 
peak before glycolation was at 20 = 6.5 , d = 13.6A; and after 

0 	0 
glycolation, 20 = 5.2 , d = 17A (see next page). 



KAOLINITE 

0 
20 = 12 

QUARTZ . 
d = 3.4A warz 

KAOLINITE 

20 = 26.25 

ILLITE 	 ILLITE 
20 = 18°  

ILLITE 
d = 10.1 

MONTMORILLO-
NITE 	0 

d = 13 6A 

MONTOMORILIANITE 
d = 17A 

0 
20 = 8.75 

d = 4.9A 

KAOLINITE 

ILLITE 

KAOLINITE 

= 7.4A 

FIGURE 3.6 Diffractograms of sandstone from Narryna, Hobart. 	71 

(a) non-glycolated 	(b) glycolated 

Illite, another mineral identified in the sandstone samples is 

one of the hydromica group of fine-grained clays. 	It is also a common 

9 
constituent of argillaceous rock fragments. 	Many illites are mixed 

layer minerals, closely related to muscovite, but containing less 

potassium and more quartz and water. 	The chemical composition varies 

between KAZAt(Si 3A2.)010 (OH) 2  and KAiMg(Si 4 )0 10 (OH) 2 . 	These minerals 

have cation exchange capacities lower than montmorillonite, but higher 

than the kaolinite. 	Most of the potassium ions are not exchangeable 

because water and other liquids are unable to penetrate between layers, 

though loss of potassium due to weathering may result in partial 

hydration. 
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The illite peaks were found at 20 = 8.75
0 
 , corresponding to 

0 
a basal spacing of d = 10.1A. 	The second illite peaks were found 

in three of the samples (Secheron House being the exception) at 

0 	0 	 0 
20 = 17.25 to 18.0 , corresponding to a basal spacing of d = 5.1A 

0 
and d = 4.9A. 	The glycolation process did not influence the peak 

location. However, the basal illite peak from Secheron House was 

broadened by glyoolation, indicating that part of it is degraded 

and therefore expandable. 

Kaolinite, with the chemical composition 2A9, ) Si 20 5 (OH) 4  

2Si02 . A9. 20 3  . 2H20 was recognised in two diffractogram peaks 

	

0 	 0 
20 = 11.5 	to 12 	corresponding to the basal spacing d = 7.7A 

or 

at 

to 

0 	 0 
7.4A. 	The next kaolinite peak was located around 20 = 24.5 to 

0 	 0 	0 
20 = 25 with basal spacing being d = 3.6A and d = 3.56A. 	Again 

glycolation did not influence the location of the peaks. 

Kaolinite is a fine-grained clay which is often found in large 

deposits of aluminous rocks, and is more common in tropical regions 

than in temperate zones.
10 	Usually, kaolinite contains many 

impurities, notably quartz. 

0 
Quartz peaks were found at 20 = 20.75 and 20 = 26.5. 	This 

• 	0 	0 
corresponds to the basal spacings d = 4.27A and d = 3.34A respectively. 

The peaks remained in the same position, irrespective of glycolation. 

Quartz (silicon dioxide SiO 2
) is a mineral which crystallizes 

directly from molten magma. 	The mineral composition is invariable 

although inclusions,(gaseous, liquid or solid)may affect the analysis 

of crystals. 

Examination of the X-ray diffractograms shows that the samples 

from Wentworth House, The Old Barracks and Secheron House are all of 

low total clay content, while the sample from Narryna revealed a moderate 

total clay content. 

As previously stated, clay minerals influence the reaction of 

stone to various environmental conditions due to their strong tendency 

to absorb moisture. 	Sandstones with low clay contents are therefore 
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less susceptible to the disintegration which may result from the 

swelling and shrinking of the clay minerals when water is absorbed. 

On the other hand, sandstones containing montmorillonite are especially 

sensitive to wetting and.drying cycles. 

	

All the stone samples analysed contained montmorillonite. 	The 

Tasmanian climate exhibits a high frequency of wetting/drying cycles . , 

therefore moisture content in the sandstones is subject to frequent 

changes, resulting in frequent swelling/shrinking of the clay minerals 

and exfoliation of stone. 

As shown in Chapter 2, the climates of Hobart and Bothwell do not 

differ greatly. The clay content in three of the sandstones was also 

found to be similar. Therefore, a comparable degree of building 

deterioration due to the combined effects of climate and clay content 

is to be expected. 	The higher peaks in the diffractograms for 

Narryna suggest that rather more illite and montmorillonite is present 

than in the other three samples. Despite differences, the patterns 

and extent of deterioration (as described in Chapter I) were similar 

for all buildings. 

All of the samples were poorly crystallised as indicated by the 

almost invariably broad peaks. 	The estimations were made by comparing 

the full width at half maximum (FWHM) of kaolinite, illite and montmor-

illonite diffraction peaks (see Figure 3.7).
11 

FIGURE 3.7 Gaussian peak height distribution 
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The Department of Mines, Tasmania, has made about 80 

diffractograms from quarry sites around the state. These were 

compared with the diffractograms from the four buildings. 	Although 

some similarities were found with diffractograms from quarry sites 

in the Oatlands' area, no identical imprints were recorded. It is 

possible that a comparison of this nature, (building stone/quarry stone) 

is not reliable as changes could have taken place in the building stone 

over the period of approximately 150 years since construction. 

However, some minerals present in sandstones, such as kaolinite, quartz 

and illite are stable and no changes would occur over such a short 

period of geological time. 	Thus, three out of the four major minerals 

present in the samples would have remained unchanged since construction 

took place and the comparison of the diffractograms seems justified. 

The other major mineral present in the samples, mixed-layer illite-

montmorillonite could be subject to ion exchange due to movement of 

groundwater. 	In all 4 buildings there are no damp-proof courses, 

making it possible for groundwater to enter the sandstone walls. The 

resulting ion exchange can lead to the formation of soluble salts and 

thereby, stone disintegration. This process of ion exchange needs to 

be thoroughly researched as soon as possible.
12 

3.3 Thin Section X-Ray Microanalysis 

3.3.1 Theoretical Background
13 

In electron microprobe analysis a sample is bombarded by electrons 

to generate X-rays. 	The electron beam can be focused to a diameter of 

2 	5° 
about 10to 10 A to obtain X-ray emission from very small, selected 

areas. 	Electron bombardment generates characteristic X-ray lines and 

continuous spectrum or bremsstrahlung radiation. 	Continuous background 
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radiation influences the limit of the minimum amount of an element 

that can be detected. 

Characteristic X-ray radiation may be used for qualitative ,rid 

quantitative chemical analysis, through the detection of the relative 

mass numbers and energy level or wavelength of the X-ray photons. 

The energy (E) and wavelength (X) of the X-ray photons can be detected 

and recorded by either a wavelength or energy spectrometer. 

The wavelength spectrometer consists of a crystal, giving a 

strong reflection at a wavelength determined by the spacing of the 

atomic places in the crystal and the angle of incidence of the X-rays. 

Therefore the crystal must be placed in the correct position by means 

of mechanical alignment. The X-rays are then detected by a counter 

that produces an electrical pulse when an X-ray photon is received. 

X-ray intensities are measured in counts per second by means of 

ratemeters or scalers. 	The advantage of wavelength spectrometers 

are: 

(a) A high peak to background ratio providing a low element 

detection limit ( ,0.01%) 

(b) Certainty in X-ray line identification due to the naturl 

separation between X-ray lines. 

(c) It is possible to detect elements with low atomic numbers. 

However, only one element can be detected at a time and the whole 

procedure is very time consuming; a complete wavelength scan (quantitative) 

analysis usually requires a minimum of 30 minutes. The same type of 

information can be obtained in 100 seconds by the use of an energy 

spectrometer. 

The major component of the energy spectrometer is the "lithium 

drifted silicone" or Si (Li) solid state detector in association with 
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amplifying and read-out systems. 

The energy spectrometer: 

(a)Detects and records the whole X-ray spectrum present in 

the specimen. 

(b) Produces a dynamic visual display of the spectrum. 

(c) Has almost constant sensitivity over the large X-ray 

energy range (1- 100 key). 

(d) Has a lack of moving parts, so time consuming mechanical 

positioning is not necessary. 

However, the detection limit is substantially lower than in the 

case of the crystal spectrometer (usually around 0.1%); also it is 

impossible to detect chemical elements with atomic numbers (Z) less 

than 10. 

3.3.2 Sample Preparation - Quantitative Analysis 

In order to obtain precise and accurate quantitative X-ray 

microanalysis of geological material, careful preparation of samples 

is necessary. 	Firstly, a highly polished surface is required to make • 

the microstructure visible in the secondary (SE) or backscattered 

electron (BSE) image modes. The polished surface is also important 

since surface irregularities can affect results due to the X-ray 

absorption and electron backscattering phenomena. 	Flatness and 

smoothness are required, because even small slopes can significantly 

change the absorption corrections. 

Most rocks consist of several different minerals varying in grain 

. size and shape. 	Many of these minerals create small inclusions or 

intergrowths With other phases and are sometimes impossible to identify 

in the SE or BSE image modes. 	Therefore, it is often necessary to use 

polished thin sections (rather than polished sections), as thin sections 
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can be initially reviewed and identified by transmitted, polarized 

light microscopy. Likely areas can then be marked for microprobe 

observation. 

Most geological samples are poor electrical and thermal conductors. 

These properties must be improved prior to electron microprobe 

examination. To eliminate charging and heat-up effects under electron 

bombardment, a very thin, conductive layer must be deposited on the 

polished surface. The most commonly used coating materials are the 

low atomic number (z) elements, such as carbon (Z= 6). 	Carbon can be 

vacuum-evaporated with good thickness reproduction and homogeneity of 

deposited film. This carbon film does not significantly absorb electrons 

or X-rays of relatively short wavelength. Also, the carbon film can 

be removed from the sample without damaging its polished surface. 

High purity carbon is easily obtainable and does not have the toxic 

properties of beryllium, another suitable coating material. 

Samples for X-ray microanalysis were collected from Narryna and 

Secheron House, Hobart and The Old Barracks in Bothwell. The thin 

sections were prepared by the Department of Geology, University of 

Tasmania. The rock slices were cut from the original sandstones with 

a Buehler diamond circular saw. These slices were -then ground flat, 

placed on supportive glass slides and embedded in epoxy resin; a material 

strong enough to withstand the stress of further polishing. 

Sample thickness was reduced by means of a Logitech LP30 Production 

Lapping and Optical Polishing Machine using standard polishing procedures. 

After each grinding/polishing sequence, the samples were carefully 

washed in alcohol and wiped dry to avoid formation of thin surface films. 

The final polishing, at a thickness of 30 pm was done by hand with a very 

fine lap microcloth. 
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3.3.3 Interpretation of Quantitative X-Ray 
Microanalysis Results 

X-ray microprobe facilities are located in the Central Science 

Laboratory, University of Tasmania, and consist of a JEOL JXA 50A 

scanning electron microscope and X-ray microprobe analyser equipped 

with wavelength and energy dispersive systems. 	The energy dispersive 

system EDAX (Philips) was used to record and process the quantitative 

thin section spectra. 	Samples were vacuum-coated with carbon using 

a JEOL JEE -4B vacuum evaporator equipped with a rotary table, and 

then cut to a suitable size to be placed in the microanalyser. 

For rapid quantitative reduction of the X-ray spectra, the 

TAS-SUEDS programme (originally developed in Tasmania) was used.
14 

TAS-SUEDS is a BASIC language programme operated on a NOVA-1210 series 

microcomputer. 	Up to 11 elements may be determined simultaneously 

with accuracy of 0.2% by weight. 

Apart from the spectral processing, the programme also contains 

an option for gain and zero calibrations of the EDAX analytical system 

using a pure copper spectrum. 	The whole system was carefully calibrated 

using accelerating voltage of 15 kV and absorbed current of 2.1 x 10 -9A 

on copper standard. 	The programme also calculates a structural 

formula on the basis of number of either oxygen or sulphur atoms present 

in the analysed sample. 

X-ray microanalysis confirmed that all the samples examined were 

quartz sandstones. 	Quartz accounted for approximately 90% of the thin 

sections; randomly selected microanalysis sites almost always indicating 

quartz presence. 	Quartz almost always occurs in a monocrystalline 

form. 	Polycrystalline quartz (chert or opal) is rarely found in 

Tasmanian Triassic sandstones. 

Of the non-clay minerals contained within sandstones, the 
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K- feldspar group was detected (see Table 3.2). 	The structural 

formula for K- feldspar was calculated on the oxygen number 8 and 

normalized automatically to total 100 percent. 

Table 3.2 shows that the structural formulae derived for the 

minerals analysed are very close to the ideal for K- feldspar. 	Some 

heavy minerals such as zircon (Zr SiO 4 ), rutile (Ti02 ), leucoxene 

ilmenite (FeTiO
3
) and haematite were also found. The rest of the 

thin sections showed a combination of mica minerals such as muscovites 

and illites. 

The presence of montmorillonite (detected by X-ray diffraction), 

was not confirmed by X-ray microanalysis. 	Montmorillonites are 

extremely fine grained and do not form microscopic crystals; thus it 

was impossible to obtain any reliable X-ray readings. 	However, 

charging effects, between the quartz grain boundaries where presumably 

montmorillonite should be located, could be partially responsible. 

A typical microphotograph of a thin section taken in SE mode 

at 100x magnification confirmed these difficulties (see Plate 3.1). 

PLATE 3.1 	A secondary electron image of thin section (100x). 



TABLE 3.2 Results of EDAX electron microprobe analysis 
K- Feldspar group (Oxygen No. = 8) 

Oxide 
Sample. 

Na
2
0 MgO 	Al2 03 	SiO2 	1(2 0 	CaO TiO

2 Cr2 0 3 
MnO FeO Structure 	Remarks 

formulae * 

The Old 
Barracks 

1.39 - 	18.51 	64.90 	15.19 	- - - - - 5.015 	sodic variation 
of orthoclase 

2.29 - 	18.48 	65.42 	13.82 - - - - 5.008 	anorthoclase 

1.58 18.48 	65.57 	14.05 0.32 4.970 	anorthoclase 

2.30 18.52 	64.72 	13.48 	0.37 0.61 5.005 	anorthoclase 

Secheron 
House 

1.39 - 	18.51 	64.90 	15.19 	- - - - - 5.015 	sodic variation 
of orthoclase 

Narryna - 	18.36 	64.88 	15.71 	- - - - - 5.010 	orthoclase 

19.22 	64.22 	15.21 	0.39 - - - - 4.921 	orthoclase 

1.08 - 	18.60 	64.65 	15.08 	0.21 0.38 - - - 4.995 	sodic variation 
of orthoclase 

18.28  64.07  16.19  0.31 0.44 4.960  orthoclase 

structure formulae - the number of cations in mineral based on the 
Oxygen No. 



TABLE 3.3 	Results of EDAX electron microprobe analysis 

K20 CaO TiO
2 Cr

2
0
3 

MnO FeO Structure 
formulae 

Remarks 

Mica 	(Oxygen No. 	= 22) 

Oxide 
Na

2
0 	MgO 	A2,20 3 	SiO

2 Sample 

The Old 	0.45 	32.95 	50.28 8.65 0.24 2.73 13.515 
Barracks 

Secheron 	0.29 	33.67 	49.61 8.15 0.24 0.21 2.40 13.48 Muscovite 
House 

1.10 	30.40 	51.42 8.32 3.36 13.496 Muscovite 

- 	0.47 	32.31 	51.71 6.75 - - - - 3.65 13.430 Muscovite? 

- 	0.27 	32.68 	50.04 7.78 0.36 - - - 3.49 13.471 Muscovite 

- 	- 	33.77 	51.13 7.62 0.25 - - - 2.24 13.365 Muscovite 

Narryna 	_ 	0.26 	33.70 	49.86 8.58 _ 0.28 1.93 13.487 Muscovite 
- 	0.47 	32.72 	48.87 8.58 - 0.21 3.58 13.580 Muscovite 

- 	0.28 	33.37 	49.63 8.58 0.21 0.31 2.21 13.518 Muscovite 

TABLE 3.4 	Results of EDAX electron microprobe analysis 

Hydromica or illite 

Oxide 	Na20 	MgO 	A 
2.2°3 	Si o2  

Sample 
K2o Ca0 TiO2  Cr2O 3  MnO FeO Structur Remarks 

formulae 

The Old 	0.37 	0.83 	28.30 	49.67 5.93 0.67 - - - 4.22 13.395 
Barracks 

0.43 	0.61 	29.35 	47.23 6.64 0.58 - - - 5.09 13.606 

Secheron 
0.35 	1.64 	21.76 	46.22 House 5.92 - - , - - 14.10 13.903 

Narryna 
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The higher magnification microphotographs used to identify the 

grain boundaries were totally obscured by severe charging effects. 

The structural formulae for muscovites and illites were 

calculated on the oxygen number 22 (see Table 3.3). 	The non- 

normalised procedure was applied because all elements with atomic 

numbers Z <10 were missing from the EDAX spectrum. 

To enable direct comparison of results the computer analyses 

for muscovite were post-normalised to total 95%, and the results for 

illites were post-normalised to total 90%. 	Thus, reliable results 

for both minerals were obtained and a typical representative analysis 

is shown in Tables 3.3 and 3.4. 

Poor repeatability of results, structural formulae and relatively 

small number of analyses for illite grains (see Table 3.4) confirms 

the hypothesis that montmorillonite can be a mixed-layer clay, for 

example, montmorillonite-illite. 

The composition of the four building stones has been investigated 

with particular reference to the clay content. 	It has been revealed 

that the combination of montmorillonite content and frequent wetting/ 

drying cycles makes these sandstones particularly susceptible to the 

swelling/shrinking effects of the clays. 	However, other factors such 

as the moisture content of the stone and the presence of soluble salts 

are also detrimental to building stone durability. These factors 

are discussed in Chapter 5. 
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CHAPTER FOUR 

MOISTURE AND SALTS IN STONE 

4.1 Background and Scope of the Analyses  

Stone decay in historic buildings and monuments is closely 

related to the geological process of rock weathering,
I 
 a process 

which usually occurs above ground level due to the action of weathering 

agents such as the atmosphere, rain, seawater and living organisms. 

Weathering agents often contain impurities like sulphur dioxide (SO 2 ), 

carbon dioxide (CO2 ), chlorides and sulphates. 	These impurities have 

the potential to form soluble salts. 

Atmospheric pollution is usually regarded as most harmful. 

Compounds of sulphur may transform the carbonates present in the 

building material into sulphates, causing flaking of the stone. 	If 

the atmosphere is polluted and carbon dioxide (CO 2 ) is also present, 

mist and rain may be changed into noxious chemical solutions ;  while 

in coastal areas, air-borne salt particles also contribute to the 

problem. 	However, the Tasmanian environment is relatively pollution- 

free, making it possible to study stone decay due to the Tasmanian 

environment itself. 

The deterioration of building stone due to soluble salts has 

generally been recognised.
2 	

Salts and moisture can lead to stone 

disintegration through the following mechanisms of decay: crystallisation, 

hydration, the action of deliquescent salts and thermal expansion of 

salt crystals within the stone capillaries.
3 

The Tasmanian climate is characterised by high humidity, low 

temperatures and frequent changes in both humidity and temperature. 

At the same time, some degree of wind is almost continually present. 

High speed winds can erode building stone by accelerating the 

evaporation process.
4 	

Under these climatic conditions, frequent 
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wetting/drying cycles occur, causing the absorbed moisture to 

evaporate. Therefore, evaporation should also be taken into account 

when considering the mechanisms of stone decay. 

To obtain a complete picture of the deterioration of building 

stone, one more parameter has to be considered : the susceptibility 

of the stone itself. The following equation has been developed by 

Spratt
5 

(1981): 

Susceptible 
Material 

Soluble 
Salts 

+ Water + Evaporation = Disintegration 

The four building stones and their properties have been described in 

Chapter 3. Chapter 4 takes into consideration the other terms in 

the equation. 

To determine the particular salts present in the building stone 

of the Hobart and Bothwell sites, the possible decay mechanisms 

operating and the role of moisture movement, samples were taken weekly, 

over a three month period: July, August and September 1981. 	Sampling 

was carried out on the same day each week under varying weather 

conditions. 

A variety of analysis techniques have been employed. 	Surface 

samples were collected for combined SEM/X-ray microanalysis. 	The 

other analyses used were conductivity testing, selective tests for 

the presence of chlorides and sulphates, total soluble salts present 

and moisture content. These analyses do not require large amounts of 

material. 

Soluble salts and total soluble mineral salts present were 

analysed for The Old Barracks, Bothwell and for Narryna and Secheron 

House, Hobart. 	Moisture content was evaluated for Secheron House, 

Hobart.
6 To obtain material for the measurement of moisture content 

a 6 mm masonry drill was used and samples were taken from 1.5 an and 

3 am depths. 
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4.2 Nature of Salts 

Soluble salts present in building stone may originate from 

a number of sources, as listed by Spry (1981): 

(a) the masonry itself, 

(b) action of living organisms, 

(c) ground and soil waters, a possible source of 

sulphate ions in places where rising damp is visible in 

unprotected masonry), 

(d) air-borne particles, possibly resulting in the deposition 

of salts on the walls of buildings in coastal areas), 

(e) improper maintenance of any kind.
7 

Spry (1981) has developed a classification of soluble salts, 

on the basis of which Table 4.1 was prepared.
8 

Chemical analyses 

of building stone, soil and water show that the salts present consist 

primarily of four cations (Na+, Ca++, Mg, e) and four anions 

(CZ, SO4, NO3 
and CO 3 ). 	In combination, these ions may produce 

16 salts, 9 of which were found to be present in stone samples from 

the four selected buildings (see Table 4.1). 

In addition, calcium phosphate (Ca 3 (PO 4 ) 2 ) was also found in 

the samples. 	However, it probably derived from some kind of fertilizer 

and has not been classified into any of the groups described earlier. 

Therefore it may be assumed that calcium phosphate does not play any 

significant role in the decay of building stone: 

Nitrates, one of the most dangerous groups of masonry salts 

were not identified by Scanning Electron Microscope (SEM) in the stone 

samples. These salts are very aggressive and relatively easy to detect. 

Salt aggressiveness, which may be ranked A<B<C<D, tends to reverse 

with ageing of the masonry, a tendency which has been theoretically 

and practically documented by Spry (1981). 9 



TABLE 4.1  The classification of soluble salts present in investigated buildings and their properties 

Chemical 
	

Chemical 
	

Properties 	Decay Mechanism 
Compositions 	Name 

CLASS A 

CLASS B 

CLASS C 

CLASS D 

CaCO
3 

CaS0
4 

KC R.. 
K_CO z 3 
K_
z 
 SO 
 4 

NaCk 

Na
2
CO

3 
Na

2
SO

4 

CaCt2 

calcium carbonate 

calcium sulphate 

potassium chloride 
potassium carbonate 
potassium sulphate 
sodium chloride 

sodium carbonate 
sodium sulphate 

calcium chloride 

low solubility, low aggress-
iveness, main con- 
stituents of some soils, 
mortar, stone, concrete. 

anhydrous, stable 
moderately aggressive 
K100 1  may be a component 
or erflorescences; 
chlorides are common in 
coastal areas. 

hydrous salts, very aggress-
ive, present in the 
fresh efflorescences, 
Na

2
CO

3 
appears to be oon-

nectea with cement mortar 
and ground moisture. 

hydrous, deliquescent 
extremely aggressive, 
common in coastal areas. 

they form efflorescences 
and crusts. 

crystallization - usually 
cyclic decay results from 
repeated wetting and drying 
cycles; sometimes they 
produce efflorescences. 

hydration - dehydration 
procedure; they also may 
produce efflorescences. 

crystallization - 
extremely hygroscopic and able 
to transform water vapour from 
atmosphere to intergranular 
moisture; under low humidity 
conditions crystallization 
takes place. 
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Soluble salts are very mobile and may appear or disappear 

periodically. 	They may be observed directly in the form of 

efflorescence; the phenomenon of crystal growth on the stone surface. 

The formation of surface crystals depends upon changes in humidity, 

rain and the moisture oontent of the masonry. 

Reiderer (1971) has commented that "considering the numerous" 

causes of damage to buildings, the destruction of stone by crystallizing 

salts is of outstanding importance."
10 

4.3 Salt Decay Mechanisms  

When soluble salts accumulate in building stone, the following 

processes of deterioration may be expected: crystallization, hydration, 

action of deliquescent salts and thermal expansion. 

4.3.1 Crystallization 

All four classes of salts may cause destruction of building 

stone due to crystallization. 	Crystallization can occur on the 

surface, under the surface and within the pores of the masonry. 	The 

crystallization process is termed "Efflorescence" when crystallization 

takes place on the surface at the open end of capillaries. 	If 

crystallization occurs 1 to 2 mm beneath the surface, the process is 

known as "Subflorescence". 	Subflorescence is generally more 

destructive than efflorescence. 

When crystallization takes place within the pores of the 

masonry, damage may result from the pressures exerted by crystal 

growth. 	If crystallization pressure is higher than the cohesive 

forces of the material, exfoliation will occur. 	Crystallization 

pressure may be expressed as follows: 

RT 
p = V

s ln C
s 
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9 1 

where 

p - pressure exerted by crystal growth 

R - gas constant 

T - absolute temperature 

V
s - volume of solid salt 

C - existing solute concentration 

11 C
s - saturated concentration . 

The crystallization pressure of a salt is dependent upon the porosity 

of the building stone, salt and moisture supply and other conditions 

which may favour crystallization. 	Most of the changes resulting 

from crystallization are physical, either internal decay of the stone 

or the formation of a hard outer crust. 	Lehman (1971) describes the 

crystallization of soluble salts as follows: 

The soluble salts agglomerate on the surfaces 
of the internal porous structure of stone, 
mostly in the form of needle-like crystals. 
When the relative humidity of air is higher 
than the equivalent vapour pressure of the 
crystallized salts, minute particles of water 
appear on surface of the crystals and little 
by little their sharply defined shapes become 
obliterated and disappear. Sharply defined 
crystals exist for a little longer time on 
the surface of stone, where the moisture 
evaporates, as well as in deeper layers, since 
the air penetrating inside is dried in the 
superficial layer of stone. 12  

4.3.2 Hydration and Changes in the Degree 
of Hydration 

The processes of hydration and dehydration may also cause stone 

decay. 	Arnold (1976) estimated that damage caused by salts which 

form hydrates is much greater than that caused by salts which do not 

form hydrates.
13 
	However, the rate of deterioration may be difficult 

to estimate as it is hard to determine the duration of various actions 
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and their connection with other weathering processes. 

When ground moisture enters building stone it may carry dissolved 

salts upwards. Examples of such salts are the sulphates of calcium 

(CaSO4 ), magnesium (MgSO 4 ), sodium (Na2 SO4); the chlorides of sodium 

(gaa) or calcium (CaC2. 2
) and the sodium carbonate (Na

2
CO 3 ). Some of 

them may have been deposited as airborne salt particles, while others 

may be already present in the stone or mortar itself.
14 

Sodium sulphate, sodium carbonate and magnesium sulphate have 

been recognized as the most damaging to building stone.
15 

They exist 

in an anhydrous form and as various hydrates. The process of salt 

hydration/dehydration is related to atmospheric changes in temperature 

and relative humidity. Changes in the degree of hydration may be 

responsible for deterioration of the sandstone because it induces 

changes in salt volume. 	Arnold (1976) stated that "...it is not yet 

known which (hydrates) occur in masonry nor whether they could change 

their degree of hydration under natural ambient conditions."
16 

Magnesium sulphate has four naturally occurring hydrates. 	The 

hydration and dehydration is limited in nature because it can only 

take place when temperatures are very low or very high.
17 	

Such 

temperatures are not characteristic of the Tasmanian climate; hence 

magnesium sulphate has very little opportunity to cause damage. 

Regardless of the conditions required for hydration/dehydration process, 

MgSO 4  was not found in SEM samples. 

Sodium carbonate has three hydrates. 	All of them may develop 

pressure high enough to cause stone damage. 

Sodium sulphate has four hydrates: Na 2SO 4  . 3H20, Na2 SO4  . 4H20, 

Na2 SO 4  . 7H20 and Na2SO4  . 10H20, of which only the decahydrate 

(ga2 SO 4  . 10H20) will be considered. 	The other three hydrates are 

metastable and under certain conditions may exist for long periods 

of time. 
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Both sodium carbonate and sodium sulphate were detected in small 

quantities in the stone samples taken from the four buildings under 

investigation. 	As the processes of hydration and dehydration may be 

responsible to a certain degree for deterioration of these structures, 

a description of this decay mechanism is appropriate. 

When the salt solution contained within the small stone pores 

becomes saturated at the right temperatures and humidities, salts may 

crystallize and recrystallize from lower to higher hydrates. 	For some 

salts (e.g. sodium carbonate) these changes lead to the development 

of an hydration pressure of considerable magnitude. This pressure was 

calculated by Winkler and Wilhelm (1970), for a number of salts at 

various conditions of temperature and relative humidity, as described 

18 
by the equation: 

Pw  nRT  
P = 	x 2.3 log 

V
h
-V

a w1  

where 	P - hydration pressure 

n - number of moles of water gained during hydration 

• - gas constant 

- absolute temperature 

V
h 

- volume of the hydrate 

V
a 

- volume of original salt before hydration 

P
w 

- 

vapour pressure of water in the atmosphere 

at a given temperature 

P
wl - vapour pressure of hydrated salt at a given 

temperature. 

The equation demonstrates that hydration pressure is a function of 

salt composition, temperature and humidity, hydration only occurring 

under favourable conditions. 	Although it is difficult to predict 

the behaviour of salt in the stone capillaries, the hydration pressure 

calculated for ideal conditions indicates expected stress. 
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In open air conditions the reaction curve of Na 2504  in 

equilibrium with water vapour is compared with climatic parameters, 

temperature and humidity: 

Na
2
SO

4 
. 10H

2
0 + vapour Z Na

2
SO

4 
+ vapour . 

This reaction occurs in both directions when temperature and humidity 

are normal. Hydration of Na
2
SO

4 
takes about 20 hours.

19 
Dehydration 

is also a very slow process and in similar conditions its completion 

may take a matter of days. This completion may be disturbed if 

frequent changes in temperature and humidity take place. Such•

variations are typical for the Tasmanian climate and they may permit 

only partial hydration or dehydration of the salt. The process does 

not need to be completed; just applying and releasing stress by frequent 

. changes of reaction direction is sufficient to cause damage. 

Close association of this chemical process with the environmental 

conditions suggests that perhaps other parameters may be considered 

as well. At the building site it is clearly seen that stone damage 

may be influenced by locational differences (aspect, shade, wind, sun). 

These micro-differences inducing stress are•controlled by macroclimate: 

the frequency of sunshine, rain, wind, temperature and humidity. Thus 

it is valuable to examine the process of salt hydration in terms of 

the macroclimate. 

Hourly data of temperature and humidity for Hobart were supplied 

by the Bureau of Meteorology.
20 

 Average hourly temperatures for each 

month were given for 28 years (1940 - 1968). Average hourly relative 

humidity (percentage for each month) were given for 26 years (1940 - 

1966). The equilibrium curve for sodium sulphate was taken from 

Arnold (1976). 	Based on these data the most favourable conditions 

for the salt hydration/dehydration cycle were found. 	Results are 

given in Figure 4.1. 



Comparison of hourly climatic data 

for Hobart with the equilibrium 

curve of sodium sulphate (see text) 
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For each month the average hourly temperature and relative 

humidity points have been joined with a line, thus the Figure has 

twelve loops showing how conditions vary for an average day for each 

month. Also shol4n in the Figure is the reaction curve for sodium 

sulphate. 	Hydration or dehydration is likely to occur when the 

temperature/relative humidity conditions move from one side of the 

reaction curve to the other. Figure 4.1 represents average daily 

conditions rather than changes on a particular day, but it implies 

that changes in the degree of hydration of sodium sulphate are likely 

to occur twice daily on many days for each month of the year in Hobart. 

Bearing in mind that the hydration/dehydration cycle is a relatively 

slow process, the cycle might only be partially completed over a 

period of hours. Even so, such changes repeated a few times a day can 

be very destructive. Because this salt was found in many historic 

buildings in Tasmania, hydration and dehydration may be responsible for 

a lot of damage. Proper assessment of damage requires, among other 

things, monitoring of micro-meteorological conditions at the building 

site. 	Such monitoring was not performed for the study because of 

the limitations on time and resources. 
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4.3.3 Action of Deliquescent Salts 

Salts, such as calcium chloride (CaCZ
2 ) are delisquescent (moisture 

absorbing) and may be responsible for extensive stone deterioration. - 
 1 

They are hygroscopic and may absorb water vapour from the atmosphere 

and subsequently crystallize when humidity is low. 

If humidity remains high, absorption of water vapour will 

continue, making the salt solution extremely dilute and able to 

dissolve other salts. 	When humidity drops and temperature increases, 

the solution becomes more dense and finally, through crystallization, 

stone damage may occur. These salts may also cause stone damage 

through hydration and dehydration processes. 

4.3.4 Thermal Expansion 

Thermal expansion is a physical mechanism of decay. 	Salt 

crystals trapped in the pores of building stone will increase in 

volume if the temperature rises, and oontract as the temperature 

falls. 	Volumetric expansion for some salts has been presented in 

graphical form by Roberts (1977).
22 

The graphs show temperatures ( ° C) 

plotted against volumetric expansion (%) from 20°C up to approximately 

406°C. 	The coefficient of volumetric expansion is a fractional 

increase in the volume of material per degree celsius. 

Sodium chloride (NaCZ) and potassium chloride (KCZ) have a 

very high coefficient of volumetric expansion; however, these two 

salts were rarely found in stone samples from the buildings under 

investigation. 	Calcium carbonate-calcite (CaCO
3
), the predominant 

salt detected in the samples, has a low coefficient of volumetric 

expansion. 	Salts with low coefficients of volumetric expansion will 

expand less in volume (with increase in temperature) than those with 

higher value coefficients (see rigure 4.2). 
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FIGURE 4.2 Volumetric expansion of some salts 

Temperature (°C) 

Most of the salts identified in stone samples from the Hobart 

and Bothwell sites were those with low coefficients of volumetric 

expansion. Therefore, stone deterioration due to thermal expansion 

may be regarded as contributory but negligible in this case. 	Even 

with salts of high coefficients of volumetric expansion, the decay 

would be negligible because salts would be deposited in already warm 

stone. 

4.4 Combined Scanning Electron Microscopy and X-ray  
Microanalysis of Salts Present in the Stone Samples  

This technique required small samples taken from the building 

stone surface. 	Firstly, dust and other loose particulate material 

was removed. 	Adhesive tape was then pressed onto the cleared area. 
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To avoid contamination the samples were labelled and attached to a 

sheet of tracing paper for transportation to the Central Science 

Laboratory, University of Tasmania.. Usually a single piece of tape, 

approximately 3 an long carried sufficient material for examination. 

This sampling technique was introduced by Jablonski (1980), and has 

been used in many other investigations as it is totally non-destructive.
23 

Samples were prepared for SEM observations using standard 

methods. 	Small pieces were cut from the adhesive tape and affixed 

to brass studs. 	To improve conductivity, the samples were coated 

with carbon in the JEOL JEE 4B vacuum evaporator. The samples were 

then examined in small area scan and spot modes, the magnification 

ranging from 100 x to 5000 x. 	The more interesting X-ray spectra 

were recorded using Polaroid 107 film. 

Samples were collected from Secheron House (Hobart) and Wentworth 

House and The Old Barracks (Bothwell) during July, August and September 

1981. 	Initially, access to Narryna (Hobart) was limited, samples 

being taken only during August and September. Sampling was carried 

out in places where deterioration was most evident; generally, the 

lower areas of walls, as none of these buildings have damp courses. 

It must be remembered that SEM/X-ray microanalysis is a 

qualitative analysis only, attention being focussed on the salts which 

are present in the sample in crystal or crystal-like form. 	Also, 

due to the physical limitations of the X-ray detector, only those 

elements with atomic numbers (Z) greater than 10 were detected. 

Salts composed of elements beyond this detection limit were identified 

by other analytical methods. 

' The results for each of the four buildings are dealt with 

separately in Figures 4.3 to 4.6 and Tables 4.2 to 4.5. 
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4.4.1 Wentworth House - Bothwell 

Eight salts were identified in the samples taken from Wentworth 

House in Bothwell (see Figure 4.3 and Table 4.2). Calcium carbonate/ 

lime (CaCO
3 /Ca0) and calcium sulphate (CaS0 4

) were the salts 

predominantly occurring, while sodium chloride (NaCZ), calcium phosphate 

[Ca3 (PO 4 ) 2 ], calcium chloride (CaC2.2 ), potassium carbonate (K 2CO 3 ), 

potassium sulphate (K2SO 4) and sodium sulphate (Na2SO 4 ) were encountered 

only occasionally in the samples. 

CaCo
3/Ca0 is often found in soil, mortar and stone, while CaS0 4 is a 

common aerosol in both marine and non-marine areas. CaS0
4 
may be derived 

from airborne dust or from rising soil water, rather than from wall 

components , especially when it is more prevalent near ground level. 

These salts may cause damage. 

CaCO 3/Ca0 and CaS0 4 were found to be evenly distributed 

FIGURE 4.3  Location of samples from walls of Wentworth House, 
Bothwell 
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10 110 

11 110 

12 110 

13 110 

5.8.81 N 14 15 

15 160 

16 350 

17 40 

18 200 

19 350 

12.8.81 20 30 

21 150 

22 300 

23 10 

24 150 

25 300 

19.8.81 W 26 30 

27 90 

28 300 

29 45 

30 160 

31 350 

26.8.81 N 32 13 

33 65 

34 25 

35 40 x 

36 60 - x 
37 60 x 

38 60 x _ _ 	- - 
39 65 - - - 	_ 	- 
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- 

TABLE 4.2  The results of SEM/electron microprobe analysis 

Wentworth House 	 Salts present in samples 
Height 

Date 	Wall 	Sample 	(cm) 	CaCO
3 	

CaCl 2 	CaSO 4 	Ca 2 (1,0 4 ) 2 	K2CO 2  K2 SO 4 	NaCct 	Na250 4  
No 	 CaO 

1 01. 

x - salt present in sample 



East 

13 

23 	• 
12 

18 

24 

20 

2.6 27 
10 

15 

14 

2 3 

South 

29 

2,0 

+7, 

102 

throughout the samples taken from the northern and eastern walls. 

In the case of the northern wall, CaS0
4 
appeared more often, closer 

to ground level. 	Very few salts were dotoeted beyond a he 	of 

approximately 2 m above ground level. CaS0
4 
occurrence increased 

from left to right for the samples taken from the eastern wall. 	The 

painted western wall showed tracesof paint (as expected) and micrO-

organisms. 

NaCk, which is common in coastal areas and may cause damage due 

to crystallization and efflorescence, was found in only a few of the 

samples. The very aggressive salts such as CaC4
2 
were rarely 

encountered. 	Na
2
SO

4 
was found only occasionally, probably originating 

from the ground moisture. 

4.4.2 The Old Barracks - Bothwell 

Seven salts were identified here: calcium carbonate/lime 

(CaCO
3 /Ca0), calcium sulphate (CaS0 4'  ) potassium chloride (t(Ck), 

calcium chloride (CaCk 2 ), sodium chloride (NaCk) and sodium carbonate 

(Na2CO 3 ) (see Table 4.3 and Figure 4.4). 	As for Wentworth House, 

'TCURE 4.4 Location of samples from walls of The Old Barracks, 



TABLE 4.3 	The results of SEM/electron microprobe analysis 
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The Old Barracks 
Salts present in samples 

Sample Height 
Date 	Wall No. ( CM) 

 CaCO3 CaCk 2 	CaS04 	Ca3  (PO4 2  
)  KC9., NaCQ Na2 CO3 

22.7.81 	W 	1 40 x x 	- 	x x x 

2 50 x - 	- 	- - - x 

3 50 - - 	- 	- - 

N 	4 20 - - 	- 	- - 

5 20 - - 	x 	- - 

W 	6 40 - - 	- 	- - 

7 220 x - 	- 	- x 

E 	8 40 - - 	- 	- - - - 

9 220 - - 	- 	- - 

12.8.81 	S 	10 30 x - 	x 	- - - - 

11 220 x - 	x 	- - 

E 	12 90 - - 	- 	- - - - 

13 240 - - 	- 	- - - - 

19.8.81 	W 	14 70 - - 	- 	- - - - 

15 220 x - 	- 	- - - - 

N 	16 35 - - 	x 	- - - - 

17 220 - - 	- 	- - - - 

26.8.81 	E 	18 65 x - 	- 	- - - - 

19 140 x - 	- 	- - - - 

N 	20 22 - - 	- 	- - - - 

21 25 - - 	x 	- - - - 

9.9.81 	E 	22 93 - - 	- 	- - - - 

23 93 x - 	- 	- - - - 

24 93 - _ 	_ 	_ _ _ _ 

25 95 x - 	- 	- - - - 

16.9.81 	S 	26 40 - - 	- 	- - - - 

27 40 x - 	- 	- - - - 

28 210 - - 	- 	- - - - 

29 230 - - 	- 	- - - - 

x - salt present in the sample 
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CaCO
3
/Ca0 and CaS0 4 were the salts most frequently identified, probably 

originating from lime mortar, the stone itself or the cement mortar 

recently applied during restoration work. Calcium sulphate may 

also originate from soil water or dust particles. It is interesting 

to note that on several days, no salts were detected at all. This 

occurrence will be discussed in Chapter 5. 

PLATE 4.1 The X-ray spectrum of the salt crystals in sample 
No. 1 

Samples collected from the western wall contained a variety of 

salts. 	Plate 4.1 shows seven peaks for sample number one. These 

peaks correspond to the elements Na, AZ, Si, P, CZ, K and Ca. In 

combination these elements may produce the salts CaCO 3 , CaC2, 2 , NaCZ, 

KCZ and Ca 3 (PO4 ) 2 . 	Na
2
CO

3 
present in the sample may also originate 

either from cement mortar or from ground moisture, as the front area 

of the building is damp. 
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4.4.3 Secheron House - Hobart 

Four salts were identified in samples from Secheron House (see 

Figure 4.5 and Table 4.4). 	In order of frequency of occurrence, 

the salts present were calcium sulphate (CaSO4), calcium carbonate/lime 

(CaCO
3
/Ca0), potassium carbonate (K

2
CO3

) and sodium chloride (NaCQ). 

There were a number of samples in which salts were not identified. 

CaS0
4 
occurred in 17 of the 23 samples and CaCO

3
/Ca0 occurred 

in 3 of the 23 samples. These salts, of low solubility and aggress-

iveness may originate from stone, mortar or cement mortar used for 

repairs. 	Calcium sulphate was detected more often near ground level 

(see Table 4.4); hence rising soil water may be a possible source of 

this salt. Airborne dust particles may explain its presence in the 

higher parts of the walls. 	Damage can result through the formation 

of efflorescence. 

FIGURE 4.5 Location of samples from walls of Secheron House, 
Hobart 



TABLE 4.4 SEM/electron microprobe results 

Wall 	Sample 	Height 
No. 	(cm) 

Salts present in samples Secheron House 

Date 
CaCO3 	CaS04 	K2CO3 
CaO 

NaCt 

22.7.81 S/W 1 30 
N/E, 2 60 
N/W1 3 80 

5.8.81 N/W2  4 50 
5 200 

12.8.81 N/E 6 30 
1  

7 300 

19.8.81 N/E1  8 10 x 	 _ - 
9 30 x 	 _ x 

10 220 x  _ _ 
26.8.81 N/E2  11 18 

12 190 

S/E 13 20 x 
14 32 x 
15 80 x 
16 150 

N/W2  0 50 for conductivity test only 

9.9.81 N/E, 17 5 
N/W, 18 40 
N/W-L

2  
19 50 

16.9.81 S/E 20 40 - 	x 	- - 
21 40 - 	X 	- - 

22 40 -  x  - - 
23 40 x 	- - o 

cA 
5.11.81 	N/W2 	24-35 	for analysis of soluble ions and moisture content 

x - salt present in sample 
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4.4.4 Narryna - Hobart 

Figure 4.6 and Table 4.5 refer to the surface samples taken 

from Narryna. 	Six salts were identified: calcium sulphate (CaSO 4 ), 

calcium carbonate/lime (CaCO
3
/Ca0), potassium chloride (KCZ), sodium 

chloride (NaCk), potassium sulphate (K2SO4 ) and calcium phosphate 

[Ca
3
(PO

4
)
2
]. 	Again, there were some samples in which salts were not 

found. 

FIGURE 4.6  Location of samples from walls of Narryna, Hobart 

From 15 samples, CaSO 4  occurred 6 times and CaCO 3 /Ca0 3 times. 

KCk was also present in three samples. 	Sea spray or ground water 

are possible sources for KCk, while the other salts probably derived 

from mortar, stone, dust particles or soil waters. 



TABLE 4.5 SEM/electron microprobe results 

Narryna 

Date Wall Sample 
No. 

Height 
(am) 

Salts present in samples 

CaCO
3  

CaS0
4  

Ca
3
(PO

4 ) 2 
CaO 

KC9, K2SO4 

12.8.81 1 
2 

33 
33 

19.8.81 S 3 150 
4 200 
5 350 

26.8.81 S 6 100 
7 100 
8 120 
9 120 

9.9.81 S 10 43 - 	x 	x - 
11 56 x x x 
12 80 x 	- 	- x 

16.9.81 S 13 120 
14 120 
15 120 

6.11.81 E 16 127 for soluble ions analysis 

x - salt present in sample 

NaCt 
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Plates 4.2 and 4.3 illustrate the X-ray spectrum for sample 

numbers 3 and 12. 	Plate 4.2 shows the presence of three peaks 

(Na, CZ and K) in the sample, which, in combination may produce the 

salts NaCZ and KCZ. 	In Plate 4.3 K and CR peaks are evident in 

combination producing KCZ. 

PLATE 4.2  The X-ray spectrum of the salt crystals in sample 
No. 3 

PLATE 4.3  The X-ray spectrum of the salt crystals in sample 
No. 12 
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4.5 Conductivity Testing and Selective Chemical  
Reactions for Chlorides and Sulphates  

Conductivity testing may be carried out on the spot without 

difficulty and provides a quick reliable indication of the presence 

of salts in stone samples. 	The procedure required about 5 mg of 

stone, ground finely and then shaken with 5 ml of distilled water. 

After the stone particles had settled and enough time had elapsed 

for the salts to have dissolved in the water, an electrode from a 

conductivity meter was placed in the resulting solution and the 

electrical conductivity of the solution was measured. 24 

When soluble salts are present in stone, the degree of damage 

produced depends upon the properties of the individual salts. 	Some 

salts may be present in large quantities (as indicated by high 

conductivity readings) but their aggressiveness may be low. 	Other 

salts are very aggressive and extremely damaging even in small amounts. 

The area of greatest deterioration is generally indicated 

by the content of soluble salts (%) in the building material at 

particular heights above ground level. 

This relationship is illustrated in Figure 4.7. 25  

FIGURE 4.7  Soluble salt content in a brick wall 
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In some cases, salts present in the building material do not 

produce electrolytes and a low conductivity reading will result. 

However, other methods may be used to gauge salt presence. 

While conductivity testing provides an estimate of the amount 

of salts in a sample, an approximate breakdown of the chloride 

and sulphate levels may be obtained by the use of selective chemical 

reactions. These results may then be compared with conductivity 

readings. 	In most cases, the samples prepared for conductivity 

testing were also used for the chemical analyses. 

Following the taking of conductivity readings, the solution was 

filtered into two small test tubes. 26. Three drops of acidified 

(10
-2

4 HNO
3
) silver nitrate were added to 2 ml of solution in one 

tube, to estimate the chloride concentration. A similar amount of 

acidified (10
-2 

M HC) barium chloride was added to the other test 

tube to estimate the sulphate concentration of the sample. 

Standard solutions were prepared for both selective reactions. 	The 

percentages of chlorides and sulphates present in each sample was 

estimated by comparing the prepared samples with the standard solutions. 27 

For each sample, the sum of chloride and sulphate values (%) 

should be similar to the conductivity reading (also expressed as a 

percentage). 	The conductivity test and the selective reactions are 

both semi-quantitative methods, providing only approximate values for 

salt content within each sample. 	The results obtained from the four 

buildings investigated are set out in Tables 4.6 to 4.9 and are 

discussed individually. 

4.5.1 Wentworth House - Bothwell 

The results obtained for conductivity and chloride and sulphate 

content are shown in Table 4.6. 

Five samples (23, 33, 48, 49, 50) 	from the nc.. thern wall 

showed high conductivity. 	Although the chloride and sulphate 



1 L2 

TABLE 4.6 	Wentworth House 

Date 

- the surface 

Conductivity 

stone samples 

** 
Chloride Sulphate Sample 

No. 

20 

22 	(mortar) 

12.8.81 

" 

0.3 

0.07 

* 

0.5 

0.1 

0.04 

0.04 	, 

23 et  1.0 0.5 0.4 

26 19.8.81 0.11 0.1 0.04 

27 n 0.07 0.4 0.04 

28 0.01 0.1 0.04 

29 .1 0.01 0.1 0.04 

* 
33 26.8.81 1.06 0.3 0.4 

38 	(mortar) II  0.23 0.8 0 

40 	(mortar) 26.8.81 0.40 0,7 0.04 

* 
48 16.9.81 0.75 0.5 0.2 

* 
49 " 1.05 0.1 0.4 

* 
50 n 1.03 1.0 0.2 

* 
51 0.48 0.1 0.2 

52 n 0.25 0.2 0.04 

* high conductivity 
** prepared samples were tested against standardized solutions. 

' The conductivity meter was calibrated regularly against standard 

solutions of sodium chloride. 

concentrations in these samples were also very high, discrepancies 

were noted for sample numbers 33 and 49. 	In both cases, the 

conductivity reading was much higher than the sum of the chloride/ 

sulphate concentrations. Probably, other salts of an electrolytic: 

nature (such as carbonates) were also present in the samples. 
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In samples 20 (stone), 27 (stone), 38 (mortar) and 40 (mortar), 

conductivity was low while the chloride/sulphate concentration was high. 

The ions present responded to the chemical tests but did not give 

appropriate conductivity readings. 	It is possible that the ions were 

adsorbed to very small clay particles giving a resultant low or zero 

charge and hence low conductivity readings. 	Dissociation of the ions 

and clay particles may have resulted with the addition of the reagents 

AgNO 3  and BaCi 2 , enabling the ions to react chemically. It is also 

possible that ions, in particular chloride, were present as complex 

ions and gave a low net conductivity but dissociated on the addition 

of AgNO3  to give a silver chloride precipitate. 

Discrepancies between conductivity and ionic concentration have 

been noted by Hutton
28 

and Cole.
29 

High salt content in the stone samples is associated with a 

high degree of disintegration (as described in Chapter 1), as samples 

were collected from the areas of obvious disintegration (the northern 

and eastern walls). 	The process of disintegration in these particular 

walls probably progresses due to the combined evaporative influence 

of the sun and winds. 

Although the western and southern walls are shaded and often 

damp, during the winter months evaporation would result from the 

prevailing south-westerly winds, thereby allowing the process of decay. 

4.5.2 The Old Barracks - Bothwell 

Stone samples taken from the walls of The Old Barracks showed 

five instances of particularly high conductivity (see Table 4.7). 

In these instances (samples 14, 16, 18, 21, 27), the chloride and 

sulphate concentrations were also high. 	Again, however, there were 
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discrepancies between the conductivity readings and the sum of 

chloride/sulphate concentrations; the conductivity readings were 

considerably lower for all five samples. 	Once more, it appears that 

the chloride and sulphate ions in solution may produce compounds 

which are not electrolytically conductive. 

In three of the four remaining samples, both conductivity and 

chloride/sulphate concentration were low, but the discrepancy was 

still in evidence. 	This phenomenon recurs in samples from all 

four walls. Experimental procedures were thoroughly checked but, 

although unlikely, systematic experimental error still remains a 

possibility. 

High salt contents were found in samples from each of the walls 

in this building, indicating severe and widespread stone deterioration. 

The western and southern walls, as well as being damp, are subject to 

TABLE 4.7 The Old Barracks, surface samples 

Sample 
No. 

Date Conductivity Chloride Sulphate 

12 12.8.81 0.10 0.2 0.04 

14 19.8.81 0.70 0.5 0.4 

16 0.64 1.0 0.04 

18 26.8.81 0.43 0.8 0.04 

19 0.02 0.1 0.04 

20 0.21 0.1 0.04 

21 0.58 1.0 0 

26 16.9.81 0.36 0.3 0.1 

27 II 1.00 1.0 0.2 

high conductivity 

the evaporative effects of the prevailing south westerly winds. 	To 

some extent, evaporation is more controlled in the northern and eastern 

walls due to protection afforded by the verandah (Plates 1.32 - 1.38). 
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4.5.3 Secheron House - Hobart 

The samples from Secheron House showed slightly increased 

conductivity in samples 0, 12, 16 (see Table 4.8). 	Chloride and 

sulphate concentration is lower than conductivity for samples 0 and 

16, but is about equal for sample 12. 	Because only three out of the 

nine samples displayed higher conductivity, it is difficult to find 

an explanation for this phenomenon. 

Samples 6 and 8 exhibited high chloride/sulphate concentration, 

while conductivity was quite low; once more it is possible that 

chloride and sulphate ions were present in the solution in a form which 

does react to give a precipitate with silver nitrate or barium chloride 

but is not electrolytically conductive. 

TABLE 4.8 Secheron House, the surface samples 

Date 	Conductivity 	Chloride Sulphate Sample 
No. 

6 12.8.81 0.14 0.5 0.3 

8 19.8.81 0.13 0.5 0.2 

0 26.8.81 0.38 0.1 0.04 

12 0.28 0.1 0.2 

14 0.18 0.1 0.1 

15 0.03 0.1 0.2 

16 0.24 0.1 0.04 

20 16.9.81 0.10 0 0.2 

23 0.1 0 0 

high conductivity 
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The extent of observed deterioration of the building has been 

described in Chapter 1. The evaporative process would be very slow 

for the sheltered southern and westerly walls. However, 

parapet walls on the northern aspects are exposed to the combined 

evaporative effects of the sun and the prevailing north westerly 

winds. From these results it would seem that the exposed parapet 

wall (designated N/W2 ) has extensive disintegration near the top 

although this would not be obvious on initial observation. 	For the 

eastern and southern walls, evaporation is controlled to some extent 

by the verandah (Plates 1.4 - 1.16). 

4.5.4 Narryna - Hobart 

Only three samples were taken from Narryna (see Table 4.9). 

In all three samples the sum of the concentrations of chlorides 

and sulphates greatly exceeds the conductivity value. 	Again, this 

discrepancy is difficult to explain. 

TABLE 4.9 Narryna, the surface samples 

Sample 
	Date 
	

Conductivity 	Chloride 	Sulphate 
No. 

1 
	

12.8.81 
	

0.14 
	

0.02 
	

0.1 

2 
	

0.04 
	

0.5 
	

0.2 

5 
	

19.8.81 
	

0.01 
	

0.5 
	

0.2 

Due to its southerly orientation the dressed stone frontage 

of the Narryna building is largely protected from the prevailing 

north westerly winds and their evaporative influence (Plates 1.17 - 

1.21). 
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4.6 Analysis of Soluble Salts in Sandstone 

This method of analysis provides information about the nature 

of the salts present in sandstone. 	It was developed more specifically 

for the determination of high salt concentrations rather than low 

concentrations 30 

Representative samples were selected from three of the buildings. 

About 5 grams of stone was ground, passed through a filter sieve 

(ASTM Sieve No. 30), then shaken with 100 mls of distilled water for 

one hour, and then filtered through a sartorium membrane filter (type 

SM 11106). 	The remaining filtrate was analysed by standard methods.
31 

The results appear in Table 4.10. 

There are explicit discrepancies between the second and the last 

column, probably partly due to the waters of crystallization. 	It 

should be noted that some samples contained very small quantities of 

ions. 

• The ionic balance was calculated on the basis of results 

obtained (see Table 4.11). 	All values are expressed in moles of 

ions per million parts of stone. 

weight  
Number of moles - 	 32 

atomic (molecular weight) 

A comparison of two columns in Table 4.11, the sums of 

cations (E(+)) and anions (E(-)) indicates an excess of cations in 

all samples, if it is assumed that these are the only cations and 

anions present. 



TABLE 4.10 The salt concentration in the samples (< = less than). All values are given in parts per million 
(ppm of stone). For location of samples see Figures 4.6 to 4.9. 

Cations 	 Anions 

Sample 
No. 

Total 
Soluble 
salts 

Calcium 
Ca++ 

Magnesium 
Mg 

Potassium 
K+ 

Sodium 
Na+  

Chloride 
C2. 

Sulphate 
SO4  

Nitrate Total soluble 
mineral salts 

The Old 
Barracks 3900 <200 <100 80 <50 <100 150 35 500 

5 

Secheron 
House 6400 650 150 80 150 120 1500 500 3100 

26 

Secheron 
House 5400 800 450 <50 <50 <100 1750 110 3200 

28 

Secheron 
House 3100 <200 100 <50 <50 <100 100 40 - 

32 

Secheron 
House 3900 550 <100 <50 55 <100 650 100 1400 

34 

Narryna 
5 

2300 <200 <100 <50 170 <100 <100 45 

Narryna 
1 

10,100 700 100 120 1400 <100 1300 250 

Narryna 
1300 <200 150 <50 16  

<50 <100 <100 35 - 



No. 	Ca+
+  ++ + 

K Na Mg 	Ck 	SO
4 	

NO
3 	

E(+) 	E ( - 
Sample Remarks 

TABLE 4.11 Analysis of soluble ions in sandstone - ionic balance check. All values are moles of ions per million 
parts of stone. 

Cations 	Anions 	Ionic Charge Balance Check 

The Old 	 Other ions 
Barracks 	5 	4.1 	2.05 	2.17 	2.8 	1.5 	0.6 	13.32 	4.9 	possible in the 

	

5 	 solution 

Secheron 
House 	16.3 	6.2 	2.05 	6.5 	3.4 	15.6 	8.1 	31.05 	27.1 

26 

Secheron 	 Other ions 
House 	20 	18.5 	1.28 	2.17 	2.8 	18.2 	1.77 	41.95 	22.77 	possible in the 

	

28 	 solution 

Secheron 
House 	5 	4.1 	1.28 	2.17 	2.8 	1.04 	0.6 	12.55 	4.44 

32 

Secheron 
House 	13.8 	4.1 	1.28 	2.39 	2.8 	6.8 	1.6 	21.57 	11.2 	II 

34 

Narryna 	 another ion _ 

	

5 	4.1 	1.28 	7.39 	2.8 	1.04 	0.73 	17.77 	4.57 

	

5 	 possible CO
3 

Narryna 	 ions CO - or 

	

17.5 	4.1 	3.1 	61 	2.8 	13.5 	4.0 	107.3 	33.8 	- 3 . 

	

1 	 HCO
3 

possible 

Narryna 	 another ion 

	

5 	6.2 	1.28 	2.17 	2.8 	1.04 	0.6 	14.65 	4.44 

	

16 	 possible 
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4.7 Moisture in Masonry: Secheron House  

Moisture present in the walls of buildings may derive from a 

number of different sources, such as the atmosphere, rain, ground 

water, leaking pipes and gutters and kitchen and bathroom services. 

Plate 4.4 shows a gap in the guttering at the rear of the Salamanca' 

Place warehouses. 	The healthy appearance of the shrub indicates 

that plenty of moisture and nutrient salts are available. 

PLATE 4.4 Rear of Salamanca Place Warehouses 

Moisture can move upwards from ground level or downwards from 

some higher point in the wall due to gravity. 33 There is also some 

slight horizontal movement as water percolates down through the wall. 

As the distance from the source of moisture increases, moisture 

movement continues due to capillarity. 	According to Winkler (1973), 

capillary action may generate moisture movement both upwards and 
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horizontally.
34 Capillary action is a phenomenon associated with 

surface tension and occurs due to molecular forces of attraction 

and repulsion.Moisture may rise by capillarity, to a height (h) of: 

_ 2s 
- Rd 

where 	s - constant equal 0.074 g/cm 

d - the density of water (1g/cm 3 ) 

R - radius of capillary. 

If relative humidity reaches a high value, moisture may also 

be absorbed by the wall. 	This is known as hygroscopic moisture and 

is dependent upon the nature of the masonry material and the relative 

humidity of the air in contact with it. 	If soluble salts and large 

amounts of clay are present this effect will add to the water associated 

with capillary action. 

The pore system, which enables moisture movement, consists of 

vessels of various shapes and sizes. 	Sometimes these vessels are 

empty but at other times they may contain liquid. 	If moisture is 

present in the system, salts may be dissolved and distributed in 

solution throughout the stone. 	Occasionally salts may reach the 

surface and be removed by rain or wind. 	The less soluble salts 

crystallize on or near the surface, others remain trapped within the 

stone pores. 	The salts remain immobilised if water cannot reach 

them, and in this situation they are not dangerous. 	Also water 

itself may cause damage due to wetting/drying cycles. 35 

Moisture content was determined for samples from the N/14
2 

wall, 

Secheron House in Hobart. 	Small holes were drilled approximately 

every 30 cm to a height of 173 cm, and material collected at depths 

of 1.5 cm and 3 cm. 	To avoid evaporation, samples were hermetically 

sealed in tubes for transportation to the laboratory. 
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In the laboratory, samples were weighed (M 1 ), vacuum dried for 

two hours at 100
oC and a pressure of 60 mm Hg, cooled at room temperature 

2-3 hours, and weighed again (M 2 ). The difference in weight of the stone 

before and after drying is equal to the moisture content of the stone 

sample.
36 

M
1 

- M2 = M 

The same samples were also tested for conductivity and chloride/ 

sulphate concentration. 	The results are presented in Table 4.12. 

TABLE 4.12 Secheron House 

Height 	Depth Moisture * 	** 	** 	** 
Sample 	a.g.l. 	into 	content

*  Conductivity Chloride Sulphate 

No. 	(cm) 	wall  

(cm) 

* 
24 10 1.5 0.38 0.43 0.1 0.04 

25 10 3 0.44 0.30 0.1 0.04 

* 
26 40 1.5 0.41 0.72 0.4 0.2 

* 
27 40 3 0.39 0.55 0.4 0.1 

* 
28 70 1.5 0.53 0.86 0.1 0.4 

29 70 3 0.36 0.39 0.1 0.2 

* 
30 100 1.5 0.42 0.58 0 0.4 

31 100 3 0.34 0.38 0.1 0.2 

* 
32 135 1.5 0.48 0.46 0 0.2 

33 135 3 0.46 0.20 0.1 0.04 

* 
34 173 1.5 0.56 0.94 0.1 0.4 

* 
35 173 3 0.42 0.75 0.1 0.4 

** 
high conductivity 	all percentages are percentages of 

a.g.l. - above ground level 
	

the original sample 

The conductivity readings were found to be very high in eight of 

the twelve samples. Conductivity exceeded- .  the combined chloride/ 

sulphate concentration in 6 of these instances, probably due to the 
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presence of salts other than chlorides and sulphates. Conductivity 

and chloride/sulphate concentration were approximately equal for the 

other two samples. The remaining samples displayed low conductivity 

and low chloride/sulphate concentration. 

The results also showed that the conductivity readings were 

always higher for the samples from the 1.5 cm depth than for those 

from the 3 cm depth, indicating dangerous salt levels close to the 

surface in all cases. 

Except for one instance, moisture content was also found to be 

higher close to the surface. 	Figures 4.8 and 4. 9 show moisture and 

salt content (%) plotted against height (cm) for the 1.5 cm and 3 cm 

depths. 

FIGURE 4.8.  Dependence of moisture and salt content(a.s a %) 
on the sample location above ground level (in cm) 

% of salt 
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Figure 4.8 indicates an increase in salt content with height 

to a maximum of 70 cm above ground level. 	The salt concentration 

then decreases, but begins to increase once more, above 135 cm. 

This second peak is slightly higher than the first. 	Moisture content, 

0.80 

0.60 
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although much lower than salt concentration, tends to follow a similar 

pattern, and it is possible that there may be two sources of moisture. 

While capillary movement is responsible for the first peak, the second 

must be related to architectural features such as leaking gutters or 

pipes. The moisture permeating down from the top of the wall results 

in the concentration of salts at this higher level (as indicated by the 

second peak for salt concentration). The existence of the second peak 

implies that perhaps the building stone itself is the source of salts. 

However, even in non-industrial areas, falling damp may distribute 

salt from rain or from airborne dust, but the level of salts in 

upper levels would be expected to be low.
37 

In this case it is 

considered very unlikely that airborne salts could give rise to the 

level of salts found in the buildings. 

For Figure 4.9, salt concentration appears to reach a first 

peak at 40 cm above ground level, while a second peak occurs at about 

180 cm above ground level; the second peak being higher than the first. 

Moisture content varies slightly from this pattern but the general 

tendency is towards an overall increase with height. 

FIGURE 4.9 Dependence of moisture and salt content(as a %) 
on the sample location above ground level (in cm) 
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Comparison of Figures 4.8 and 4.9 demonstrates that salt 

concentration is much higher, closer to the wall surface, 

verifying the generally accepted idea that salt concentration 

is greatest at the surface and decreases with depth. Moisture 

content would be expected to decrease with the height above ground; the 

two graphs indicate that there is a difference between the theory and 

the experimental measurements presented here. 

A knowledge of moisture movement and behaviour in masonry is 

extremely important to the task of gaining a realistic understanding 

of the decay processes involved in the deterioration of historic stone 

buildings. However, the absence of practical, convenient, non-

destructive sampling methods and testing procedures makes the 

measurement of moisture content in the walls of historic buildings 

very difficult. 
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CHAPTER FIVE 

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

5.1 Critical Review 

This chapter is intended to draw together more closely the two 

parts of this study, namely, the environmental profiles of the two 

sites and the various chemical analyses carried out at each site, and 

to argue their combined value and usefulness. 

The basis of this work has been the belief that much more 

investigation into the factors contributing to the deterioration of 

Tasmania's historic colonial architecture, is essential; that a study 

such as this, would significantly add to the data base and thereby be 

of assistance to those attempting to preserve Tasmania's architectural 

heritage. Therefore, Chapter 5 will also deal with the consequences 

of this study in particular, and, the value of research of this nature, 

in general. 

As regards both aspects of the investigation, circumstances were 

less than ideal. In some instances, information, which would have 

made for more complete environmental profiles was found to be either 

non-existent or unavailable, while the nature and extent of the 

experimental programme was severely limited by time and financial 

constraints. 

5.1.1 Environmental Profiles 

In attempting to build up realistic and useful environmental 

profiles of Hobart and Bothwell, the following parameters were 

investigated: geographical features and location, climate, soil types 

and surface and underground waters. Of these, climate was considered 

to be the most significant factor. 

As climatic factors influence experimental, results from day to 
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day, ideally it would have been appropriate to have monitored 

climatic changes at the sites on a day-to-day basis. This would 

have been particularly useful with regard to such things as the 

testing of rain-water samples on each occasion when rain occurred. 

However, it was impossible to carry out this type of monitoring 

programme with the limited resources available. 	Day-to-day climatic 

data was available for Hobart but, unfortunately, the Bothwell weather 

station was reclassified as a 'fire-season' station in 1979. 	This 

means that comprehensive, year-round meteorological data is now only 

recorded for the 9 month period September to May; 'fire season' stations 

operate only during the months when the danger of bush-fire occurs. 

Therefore, comprehensive day-to-day climatic data was not available 

over the winter months. 

As only very limited soil data was available, it was thought 

necessary to carry out a programme of soil testing in the immediate 

vicinity of the four buildings. The results obtained suggested that 

soils were unlikely to be the source of salts responsible for stone 

deterioration in these buildings. 	However, this soil testing 

programme was in itself very limited; these limitations will be 

discussed further together with discussion of the other testing 

procedures. 

Specific information regarding underground waters in the immediate 

Bothwell area, was not available and the conclusions 

drawn in relation to this factor are based entirely on extrapolation 

from less than adequate geological data. 

Another area of information which would have added greater depth 

to this investigation is the location of the quarries from which the 

four building stones originated. 	Historical records could not provide 

this information. 	Although it seems reasonable to assume that building 

stone would have come from the quarry closest to each building site, 
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even the analysis of diffractograms from the Department of Mines did 

little towards solving this mystery. 

With the exception of climatic data for Hobart, information 

available on the environmental parameters investigated was inadequate 

and of a rather general nature. 	Therefore it was less than ideal as 

a basis for an assessment of the specific stone decay mechanisms likely 

to be operating at each site. 	It is hoped that this study will lead 

to greater awareness of this data deficiency. 

5.1.2 Test Methods 

A review and appraisal of the programme of chemical analyses 

carried out and the particular sampling methods used is appropriate 

here. . As with the gathering of environmental data, some difficulties 

were encountered. 

If the composition of a particular building stone is known, it 

is much easier to determine the decay mechanisms likely to be in 

operation. 	Therefore, it is also possible to identify suitable 

management techniques for that particular stone, relative to the 

environmental conditions at the site. 

As regards this project, a knowledge of the building stone 

composition for each of the four buildings was considered to be 

extremely important, and the techniques of X-ray diffraction and X-ray 

microanalysis were included for this purpose. These methods are 

extremely accurate and commonly used in geological research. 

The complementary nature of the two methods allowed quite 

extensive information to be obtained regarding the four building stones. 

Both analyses are costly because they must be carried out by highly 

trained technical staff. 	Table 5.1 lists the contribution of each 

technique and illustrates that the techniques are compicrnentary. 
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TABLE 5.1  Information obtained by X-ray diffraction and 
X-ray microanalysis 

X-ray diffraction 	 X-ray microanalysis 

1. Identification of major clay 
minerals. 

2. Presence of montmorillonite 
confirmed by glycolation. 

3. Three of the building stones 
were found to be of low total 
clay content with Narryna 
showing moderate clay content. 
All 4 sandstones are sensitive 
to the changes in humidity and 
temperature characteristic of 
the Tasmanian climate. 

1. All samples identified as quartz 
sandstone. 

2. Identification of non-clay 
minerals such as K- feldspar 
and mica minerals (for example 
muscovite and illites). 

3. Identification of heavy 
minerals present. 

The minor destruction incurred in providing samples for these 

analyses is offset by the value of results obtained, especially with 

respect to the restoration and management of particular buildings. 

For example, when blocks of stone need to be replaced it is necessary 

for the replacement stone to be as close as possible in composition 

to the original stone. Also, if stone composition is known, appropriate 

management practices may be adopted. In the case of a building stone. 

high in montmorillonite, it is suggested that flower beds adjacent to 

walls .  should be re-located, as they represent an additional source 

of moisture. 

It is necessary that stone decay mechanisms such as crystallization, 

hydration and thermal expansion are fully understood and their 

relationship to environmental factors appreciated. .These mechanisms 

were discussed in detail in the preceding chapter in relation to the 

specific environmental conditions encountered in this study. 

A clear understanding of hydration is particularly relevant as 

' this process is a significant link between environmental parameters 
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(temperature and humidity) and stone decay. Changes in degree of 

hydration cause Changes in volume, which may lead to stone damage, 

depending upon the rate of hydration or dehydration of individual 

salts. 

For SEM (which can provide information about crystalline forms 

of chemical compounds), sampling is very easy and totally non-

destructive to the building stone. However, the SEM analysis itself 

is very costly, and where possible, SEM should be used in conjunction 

with other chemical analyses. The chemical tests employed in this 

study in combination with SEM were conductivity testing and selective 

chemical reactions for chlorides and sulphates. 

These tests are convenient, semi-quantitative methods which can 

be used to determine approximate levels of salts present. The procedures 

are non-destructive as large amounts of sample are not required. 

The conductivity test may be carried out 'on the spot' and none of the 

methods are expensive or time-consuming. 

In theory, conductivity (%) should be equal to the sum of the 

chloride/sulphate concentration. However, in some cases the 

conductivity value was less than the sum of chloride/sulphate 

concentration. A possible explanation for this would be that some ions 

were present in solution in a form which will react with silver nitrate 

and barium chloride to form precipitates, but does not conduct. In 

other instances the conductivity value was greater than the sum of the 

chloride/sulphate concentration; probably due to the presence, in some 

samples, of other salts of an electrolytic nature. 

In this study, the analysis of soluble salts present in the 

building stone was carried out in only a very limited way. Ideally, 

an analysis of soluble salts should be carried outsimultaneously with 

the other methods. From this, detailed information may be derived 

regarding the numbers of anions and cations in the stone and it is 
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possible to calculate the-ionic balance. The sampling procedure 

may be totally non-destructive, as small, loose pieces of stone or 

flakes may be used to make up a sample. 

Unfortunately, at the present time it is not possible to 

determine the moisture content of stone, without using destructive 

drilling techniques to obtain samples from varying depths in the 

stone. However, the information gained, with regard to the behaviour 

and movement of moisture within the stone, is extremely valuable. 

The actual sampling and testing procedures are neither expensive nor 

difficult. 

The programme of chemical analyses used in this study was 

comprised of a combination of some highly technical, accurate and 

often costly analytical laboratory procedures, coupled with other 

simple and unsophisticated field techniques. This combination seems 

to have been a reasonably successful and complementary approach, as 

a variety of interesting questions arose from.the results of both 

types of analysis. 

5.2 Consequences of This Study  

5.2.1 Relationship of Test Methods to Site 
Conservation 

The limited extent and depth of this investigation precludes 

the formulation of definitive management guidelines specific to 

each of the historic buildings involved; indeed, the presentation of 

such information has never been within the aims of this study. 

Nevertheless, on the basis of test results and their relationship to 

environmental parameters, it is possible to recommend certain general 

investigative practices with regard to the preservation, restoration 

and maintenance of Tasmania's historic sandstone buildings. 

Spry (1978) listed some of the factors on which the level of 
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salts in building masonry is dependent. These factors may be used 

as a guide in attempting to recognise the areas in which salts are 

most likely to be detected.
1  

Salt concentrations in stone change with height above ground 

level, reaching a maximum at about 0.5 m. 	Salts were detected most 

frequently at that height in samples from all four buildings. At 

heights greater than 0.5 m salt occurrence in the samples was less 

frequent. Therefore, for salts to be detected quickly, it appears 

best to take samples at around a height of 0.5 m above ground level. 

Salt concentration is higher at the stone surface and decreases 

with depth, as shown by the results obtained with the samples taken 

from depths of 1.5 am and 3 am. 	Therefore, samples should be taken 

on or just beneath the stone surface. 

Salt concentration also depends upon weather conditions. 	This 

relationship is exemplified in the SEM results for Hobart (see Figure 

5.1). 

Figure 5.1 illustrates that, for Hobart, a particular weather 

pattern appeared to precede the detection of salts in SEM samples. 

This pattern is presented in Figure 5.2. 	This sequence of climatic 

conditions would seem to afford any salts present in the building 

stone time to crystallize and therefore to appear in the samples. 

It was not possible to identify a similar link between 

environmental conditions and salt presence for Bothwell, as day-to-day 

climatic data is not recorded during the winter months. 	For Bothwell, 

salts were detected more often in the stone samples at the beginning 

of the sampling period (mid-winter), than for Hobart. 	Further into 

the sampling period (late winter-early spring) salts were detected 

more often in the stone samples from the Hobart buildings (as shown 

in Figure 5.1). 

At this point it is possible to draw some :eneral conclusions 
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FIGURE 5.2 Hobart weather pattern prior to salt detection 
based.on the graphical information in Figure 5.1. 
It should be noted that no statistical analysis 
has been carried out on this data. 
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about sampling periods. 	If the intention were only to identify and 

study salt crystals, these are more easily observed during the warmer 

months when little moisture is present. 	However, moisture content, 

moisture movement and the conjunction of environmental conditions with 

salt crystallization are better observed during late autumn/winter/ 

early spring. 

Analysis of soil samples from areas adjacent to the four buildings 

indicated that soils were unlikely to be a source of damaging salts. 

Although information regarding groundwater is slight, this would 

appear to be an unlikely source of salt. 	Although the possibility 

of airborne salt particles due to pollution was dismissed, CaS0 4 
and 

CaCO 3 
may be expected to be major aerosol salts in inland and non- 

industrial areas. 	Indeed, these salts were found in the stone samples. 

It is difficult to identify the sources 	of damaging salts 

and unwise to dismiss completely any of the possibilities. Because 

water movement and evaporation lead to an accumulation of salts in 

masonry, the sources may be very dilute solutions, such as low-alinity 

soil water or rainwater, and, it is not difficult to find airborne 

sources for CaCO 3  and CaSO4 . 

Another possibility is that salts may have been present in the 

original building material and that the course of salt attack is 

determined 
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by the effects of specific climatic environmental conditions on 

these salts. 	Strong support for this conclusion is drawn from the 

identification of the second salt concentration and moisture content 

peaks for Secheron House. The existence of the second peaks suggest that 

moisture permeates down from the top of the wall resulting in the 

concentration of salts already present in the stone. 

5.2.2 Areas for Additional Research 

Perhaps the major consequence of this study has been the 

identification of many questions for which, at the present time, there 

appear to be no satisfactory answers. These questions might be 

grouped under two headings: one group relates to basic environmental 

parameters, around which little work has been done and for which little 

or no information is available; the second group relates to areas 

where further research is vital for a complete understanding of the 

processes of deterioration affecting historic stone buildings in 

Tasmania. 

The comparison of X-ray diffractograms for the four building 

stones with diffractograms for stone taken from the probable quarry 

sites brought forward an interesting and complex question. 'What 

changes in stone composition may take place over a period of 150 years? 

Certainly, some minerals present in the building stone cannot change 

over this time period. 	However, some changes may occur. 	For 

example, certain clays may be removed by rain over time; minerals 

such as mixed-layer illite-montmorillonite can be subject to ion 

exchange due to the movement of groundwater. 	If groundwater enters 

the building stone, it may interact with chemical compounds within the 

stone and change the chemical composition of clay minerals due to ion 

exchange. 	The soluble salts which can result may lead to deterioration 

of t1. - building stone. 	As already stated in Chapter 3, this question 
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requires further investigation. 

In many areas pertinent to studies of this nature, further 

investigation is much needed. 	For example, little or no information 

was found to exist with regard to the chemistry of ground and surface 

waters in Tasmania, while the data base in the areas of soil salinity, 

salinity of rainwater and the question of air-borne salt particles 

also needs to be expanded. More information in these areas would 

provide a greater understanding of the environmental influences on 

stone deterioration. 

It is recommended that a test for nitrates be included in any 

chemical analyses carried out in relation to stone deterioration. 

When present in building stone nitrates are very damaging, increasing 

4
+ 	- 

stone corrosion. 	NH and NO
3 

usually result from bacterial action 

and NH
4
+ may be transported from the atmosphere by rain. 	While NO

3 

may not be detected in soil samples, it may nevertheless be present in 

the building stone. 

The traditional view of stone decay has been that of a combination 

of physical and chemical decay mechanisms. 	However, bacterial action 

happens to be an important source of the anions necessary for the 

formation of salts! This introduces the more recent concept of bio-

disintegration. 

Bacteria which produce sulphates and nitrates are the most 

damaging as far as stone deterioration is concerned.
2 	Thiohacillus 

thiooxidus and Thiobacillus thioparus are the most common sulphur 

bacteria. The Thiobacteria produce sulphuric acid which may chemically 

transform the stone.
3 

It appears that this avenue of investigation; bacterial influence 

on stone deterioration, has been neglected, perhaps due to the relative 

youth of Tasmania's historic buildings. 	As the Tasmanian climate is 

mild and thus. favourable to the growth of bacter ., , research into 
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this problem could prove to be extremely beneficial from a 

conservation stand-point. 

In the light of work by Everett (1961) and discussions with 

Dr. 	Roberts, further investigation into crystallization as 

a decay mechanism would seem to be appropriate. As pointed out by 

Everett, crystallization pressure is not only due to a net increase 

in volume of the crystals, but depends also on pore size distribution 

of the medium.
4 

Results of the tests carried out for conductivity and chloride/ 

sulphate presence in the stone samples, produced some discrepancies. 

It is possible that other salts were present and further investigation 

into this question is advisable. 

Calculation of the ionic balance showed an excess of cations. 

It would be useful to know precisely how these cations combine with 

the elements present in the solution. Even though salts may form, 

it does not necessarily follow that the less soluble salts will be 

first to crystallize. However, the problem is much more complex than 

, this. 

Further research into moisture content and moisture movement 

within stone. should initially be directed towards the development 

of suitable, convenient and, most importantly, non-destructive methods. 

At this stage such methods are not available. 

Apart from. one or two mortar samples, only the building stone 

itself has been treated in this investigation. 	It would doubtless 

be valuable if similar studies on mortar were undertaken; the few 

mortar. samples tested tended to be higher in salt concentration than 

the surrounding stone. 

One aspect which has not been considered, but deserves mention, 

is the question of the relative susceptibility of different 

architectural styles to deterioration. 	It is possible that the 
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symmetrical,-unadorned Geotgian.style may be more exposed to the 

mechanisMsof -deday than other architectural styles. Certainly, 

features like verandahs do afford some protection for walls. 
\ 

However, it would prove almost impossible to make such an assessment, 

given the differences in factors such as the period when various styles 

-were 'in vogue' and the materials used. 

5.3 Value of this Research 

There are several senses in which research of this nature may be 

seen as valuable. 	In the purely scientific sense, the data base 

available to future researchers is being widened; and in the future, 

such information may be useful in making predictions as to the 

durability of modern stone buildings, relative to environmental 

conditions. 

In a practical sense, this type of research is also valuable 

by virtue of society's present, pre-occupation with the preservation 

of historic buildings, monuments and other items of heritage. 

However, in itself, research can do little to assist in the preservation 

of historic sites unless strong links are forged between the scientific 

sphere and the community at large, where scientific principles can be 

practically applied. 

The preservation of historic sites can only be achieved relative 

to the knowledge and awareness of those persons directly responsible 

for the physical management and maintenance of each particular site. 

People's lack of awareness or sometimes financial constraints 

are a major problem in the management of these sites, as indicated 

by the initial observational assessments of the four buildings invest-

igated (see Chapter 1). 	It is essential that items such as water 

pipes, guttering, drains and garden taps be kept well maintained. 

If this is not done, localised areas of severe deterioration may develop. 
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Evidence of this can be seen in the case of The Old Barracks 

(Bothwell) where kitchen and bathroom waters discharge into an open 

drain on the southern side, keeping the wall area damp and supporting 

the growth of mosses and lichens. Damp areas were also observed at 

Secheron House (Hobart) and Wentworth House (Bothwell); the result of 

leaking garden taps situated near walls. 

In the planning and use of buildings and living areas, people 

pay little attention to the provision of protection for the building 

structure, planning being based entirely around the comfort and 

aesthetic aspirations of the people involved. 	For example, gardens 

are often positioned right next to walls (Secheron House, Wentworth 

House). Regular watering of these gardens increases the wetting/ 

drying cycles and thereby, deterioration may be accelerated. 	Town 

water supplies often contain chemical additives such as chlorine and 

fluoride, while fertilizers, pesticides and the like are also applied 

to gardens from time to time. 	It is possible that chemicals such as 

these may contribute to stone deterioration. 

Poor management can lead to an acceleration in stone deterioration. 

However, if people are aware of the need for correct site management, 

most problems can be easily remedied. 

It is also essential that advice be made available with regard 

to restoration work, such as stone replacement. The community must 

be made aware that expert knowledge does exist in the field of building 

stone deterioration. Only through heightened public awareness and 

action, coupled with scientific endeavours will the value and usefulness 

• of this type of research, be expressed fully in relation to Tasmania's 

heritage of historic stone buildings. 
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