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SUMMARY
In the south eastern United States of America and particularly in Louisiana, a distinct form
of colombage construction - Bousillage - is found. This earth construction method uses
`loaves' or `cats' of earth applied over cedar wood battens. A highly distinctive
characteristic of the method is the incorporation into the earth mixture of an indigenous
epiphyte plant called Spanish Moss (Tillandsia usneoides) following the harvesting and a
lengthy pre-treatment of this plant fibre. Today, over 140 years since these heritage
buildings were constructed, these bousillage structures are subject to repeated repair. A
range of repair management practices is found reflecting both the broad range of
ownership and the range of heritage protection designations applied to these buildings.
Focusing upon the contrast between repair materials and historical materials
micromorphology analysis and near-infra red spectroscopy this study reveals clear
differences in the organic components found in modern repair materials. Whilst the repair
methods presently used on bousillage follow historical and ethnographically recorded
practices, there are significant differences in the use of Spanish Moss. This raises
concerns that there may be changes in the performance of the building structure in the
long-term.

1 INTRODUCTION
Louisiana saw many political and land-use changes across the 18th and 19th Centuries.
These encompassed the famous Louisiana Purchase and the many social issues relating
to the development of plantation agriculture including the use of bonded labour and the
movement of peoples into this region. This setting saw the adoption and incorporation of
many different building practices including the development of bousillage, a specialised
method of earth construction. The bousillage construction method (Fig. 1) utilizes a mix of
soil/clay, lime, animal hair and the use of cured Spanish moss. To remove the outer
fibrous sheath of Spanish moss in order to reveal the useable inner material involves a
lengthy process including burial of the raw material for several months.
Today, a range of buildings constructed using this method remain. Many are located in the
Cane River National Heritage Area and the region immediately surrounding the city of
Natchitoches (Fig.2). These buildings are under the administration of the National Parks
Service, various private individuals and several non-profit bodies. Whilst sourcing and
provenancing suitable materials for repair is a common issue in heritage management, the
use of Spanish moss in bousillage constructions presents a unique set of management
problems. First there is a scarcity of Spanish moss material, a shortage attributed to
changed climate and changed growing conditions in the region; second, this material
requires lengthy preparation. Today, limitations on the quantity of binder available to be
incorporated and potential changes in the nature of the Spanish moss-derived binder
used, need to be managed in the context of heritage repairs made to buildings in this area.
Examining the contrast between materials used for repairs and for the original
constructions through chemical and physical analyses on a range of buildings enables
conclusions to be drawn in respect of the building performance and management. In this
paper we use micromorphology and near-infra red (NIR) analyses, respectively, to
examine the micro-spatial arrangement of the earth building components (i.e. clay-rich soil,
sand, Spanish moss) and the differences in their chemical compositions.
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Figure 1. Damaged bousillage construction at the Pigeonnier, Oakland Plantation, Louisiana.

2 METHODS AND MATERIALS
The study area extends across a variety of bousillage constructions in central Louisiana
(Fig. 1; Fig.2) with buildings at Tauzin-Wells in Natchitoches, Cedar Bend Plantation,
Oakland Plantation, Melrose Plantation, Magnolia Plantation and at Badin-Roque House.
Presently these buildings are in a mixture of private and public body ownerships and
hence subject to a variety of management practices. These variations allow a richly
contrasted study to be developed between historical materials and repaired structures.
Among other methods, micromophology techniques have been applied to allow subtle
distinctions between repair matrices to be examined (Adderley et al. 2016; Parkin et al.
2013). Near Infra-red analyses allows both in situ and ex situ examination of earth-building
materials and has previously been demonstrated to resolve differences in earth/organic
binder ratios (Parkin et al. 2013).

Figure 2. Map of study site locations with details of their construction types.
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The Tauzin-Wells House is understood to be the oldest historical building in Natchitoches
(Fig. 3A) dating from 1776. Badin-Roque House was constructed using an early Creole
building style poteaux-en-terre (Fig. 3B) where the upright wooden component of the
building is placed directed into the ground rather than on a wooden or stone plinth. The
west Pigeonnier and the Overseer’s House, Oakland Plantation are constructed on raised
wooden plinths and are classified as being poteaux-sur-sol (Fig. 3C &3D).

Figure 3. A large variety of Louisiana property typesare constructed using bousillage.

3 MICROMORPHOLOGY
3.1 Sample preparation
Collected samples were processed in the Thin Section Micromorphology laboratory at the
University of Stirling (Adderley et al. 2002; Murphy, 1985) to produce 30 µm thin-sections.
These were analysed using an Olympus BX-50 petrological microscope at a range of
magnifications (x 10 – x 400) and with several different light sources; plane polarised light
(PPL), crossed polarised light (XPL) and oblique incident light (OIL) and described using a
modified version of the International System (Bullock et al. 1985; Stoops 2003). These
techniques allow for the identification of different features; mineral, organic components,
peds, voids and pedofeatures. The coarse/fine (c/f) differentiation was 50 µm with any
components less than this being classed as fine material.
3.2 Micromorphology characterisations
3.2.1 Cedar Bend Plantation House
Cedar Bend Plantation House is a 19th century French colonial style house. It is composed
of two central rooms surrounded by smaller room and a front porch facing Cane River
Lake. Samples were collected from the basement area and one of the rooms at the north
east of the property. These were original materials dating to the construction of the house.
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The thin section micromorphology analysis showed a dotted limpidity and crystallic
birefringence when using XPL with a c/f - related distribution pattern that is defined as fine
monic (Fig. 4, gm. The coarse mineral material was dominated by sub-angular quartz
(80%) (< 50 – 50 µm). The coarse organic component was composed of lignified plant
tissue which was lenticular and globular in character and partially weathered (7%) (50 –
2500 µm) (Fig. 4,pt). The structure was composed of large and blocky peds (60%) which
were randomly distributed and orientated.
The voids were both channel voids and regular vughs (Fig. 4,cv and v). Pedofeatures
included anorthic typic nodules, excremental features associated with plant tissue and
inclusion of fine material that was determined to be Spanish moss (Fig. 4, B & B1, sm)

Figure 4. Micromorphological images from Cedar Bend Plantation house, Louisiana.

3.2.2 Main House and Cook’s House at Oakland Plantation
Oakland Plantation is a property originally built in the late 18th Century by the Prudhomme
family. It is now managed by the National Park Serviceas part of the Cane River Creole
National Historical Park. Along with the Main House there are twenty seven extant
outbuildings. This analysis will focus on original bousillage material from Main House and
repair material from Cook’s House.
This sample exhibited dotted limpidity and crystallic birefringence (XPL) with a fine monic
c/f - related distribution pattern which was randomly distributed and orientated (Fig. 5, gm).
The coarse materials were sub-angular quartz grains (70%) (<50 – 50 µm) and partially
weathered fibrous plant tissue (15%) (50 – 5500 µm) (Fig 5, pt). There was no observable
pedal structure determining it to be weakly developed with no separation. The voids were
unaccommodated channel voids along with regular vughs (Fig.5,A & A1, v) (20%, <50 –
5000 µm) which were randomly distributed and orientated. The pedofeatures in this
sample included redoximorphic anorthic typic nodules (< 50 – 1500 µm) red/ brown in
colour along with black amorphous typic nodules (<50 – 50 µm) both of which were within
the matrix of the thin section sample. Black spherical excremental pedofeatures (trace)
were observed associated with plant tissue (< 50 µm) along with fungal scletoria (2%) (<50
– 500 µm) (Fig. 5,A & A1, pt).
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Figure 5. Historical samples from Main Houseat Oakland Plantation, Louisiana

The sample from Cook’s House showed a dotted appearance under PPL and speckled
birefringence using XPL with a porphyric c/f - related distribution pattern. The coarse
mineral material was composed of sub-angular partially weathered quartz grain fragments
(50%) (<50 – 250 µm) (Fig. 6, gm). The coarse organic material showed a trace amount of
partially weathered black smooth rounded spherical plant tissue (200 x 300 µm and 750 x
1000 µm) (Fig. 6, A & A1, pt). There was also a single example of lignified plant tissue
which was partially weathered and fibrous (250 x 1750 µm) (Fig. 6, B & B1, pt). There was
no distinct pedal structure observed. The voids were partially accommodated planar voids
and regular vughs (2%), they were randomly distributed and orientated with the largest
being 1750 x 2500 µm. Redoximorphic anorthic typic nodules (Fig. 6, rn) were observed
(30%) (<50 – 600 µm) and clay coating fragment colloids (Fig. 6, ccf) were found randomly
distributed within the matrix (20%). The repair sample also included synthetic
reinforcement fibre within the mix (Fig. 6, srf)

Figure 6. Images from repair undertaken at Cook’s House, Oakland.
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3.3 Micromorphological interpretations
The inorganic components of the bousillage composition differed markedly between the
historical materials and the repairs. While the coarse material in all samples contained
sub-angular quartz, the repair material exhibited larger fragments. The fineness of the
quartz material in the historical materials gave these section an overall grey colour (PPL)
due to the lack of organic material and the nature of the groundmass. The dotted limpidity
of these samples would also suggest the presence of fine silt-size particles. The historical
samples showed crystallitic birefringence in XPL illumination which is associated with the
presence of fine mineral grains. In contrast, the repair materials exhibited a speckled
birefringence associated with a random arrangement of the clay material. This resulted in
difference observed in the c/f – related distribution patterns which were fine monic type in
the historical samples and a coarser porphyric type in the repair sample.
These differences extend to the organic component observed, with the historical materials
having a greater proportion of organic coarse material in the form of plant tissue; 7% at
Cedar Bend and 15% at the Main House, Oakland while there was only a trace amount
observed in the repair material at the Cook’s house, Oakland. Pedal structure was only
observed in the Cedar Bend thin section it was large and blocky with a random distribution
and orientation and was moderately developed and separated. No pedal structure was
observed in the other samples examined. This may indicate that there was a higher clay
content in the Cedar Bend sample which led to shrink/ swell action. Each historical thin
section has channel voids and regular vughs, with the Main House sample have several
occurrences of an observed triangular nature to the vughs. This may be caused by root
channels or by bioturbation from macro and meso fauna within the sample.
Such biological activity is also evidenced by the trace amount of smooth, ellipsoidal
excremental pedofeatures observed in the historical samples indicating soil fauna activity
in decomposition of organic material (Kooistra and Pulleman, 2010). The historical
samples clearly showed Spanish moss (Fig. 4). In contrast, the Cook’s House repair
material contained a trace amount of plant tissue and no excremental pedofeatures.
Overall, the soil micromorphology reveals both commonalities and differences between the
historical and the repair materials. The materials used to create the repair appear to be
derived from similar sources, but the nature of their mixing and the relative quantities of
the organic components are notably different.

4. NEAR INFRA-RED
4.1 Method
The application of near-infrared (NIR) spectroscopy to earth materials is a relatively recent
technique allowing the characterisation between mixed inorganic and organic components
to contrasted between different. In the recent study by Parkin et al. 2013 it was
demonstrated that earth materials found in historic buildings may contrast strongly with
those used for modern-day repairs of such structures. Samples were analysed using a
LabSpec 5000 FR Spectrometer (Analytical Spectral Devices Inc., Boulder, Colorado) and
a surface contact probe. Exposure times of 5 seconds were used and fifty spectra were
collected and averaged for each measurement presented. Following the practice of Chang
et al. 2001, spectra are presented as the logarithmic inverse of the reflectance [Log (1/R)]
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(Fig. 7). Spectra from multiple field site locations are statistically compared using Principal
Components Analysis (Parkin et al. 2013).

Figure 7. Comparative NIR spectra from repair (Oak 2) and historic (Badin Roque) bousillage.

The spectra were subsampled in order to discard regions associated with instrument
artefacts and with scatter. Peaks in the 1400 nm region are associated with clay minerals
(structural OH groups), and the peak at 1900 from the absorbed H2O. There are apparent
differences in clay types between samples (Fig. 7). A number of smaller more subtle peaks
(2090, 2200 and 2280 nm) associated with carbohydrates are seen too. By analysis
through taking Principal Components (Fig. 8), multiple small differences between spectra
can be considered and groups of materials potentially identified. In this statistical analysis
four groups emerge.

Figure 8. Principal Components scores (PCA 1 vs PCA 2) for a twenty site Near-infra Red analysis.

4.3 Near-infra Red spectroscopy results
Past studies have shown that the near-infra red analysis of earth building materials may
show differences in composition, both clay type and organic content, and allow sets of
material types to be identified in unknown heritage contexts (Parkin et al. 2013). The
analysis of bousillage materials follows this pattern with key interest in the interactions
surrounding the peak at 1900 nm associated with the stretching and bending modes of
H2O molecules within the material’s matrix. The PCA analyses reveal that the historic
building of Badin Roque formed a significant outlier to the other historic sites sampled, but
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also that the repair materials at Oakland were also seen to be a separate set. This
demonstrates further the differences in these repair materials compared to the historic
materials and further demonstrates that this non-destructive method has a potential to
become more widely adopted for provenancing materials for repair of earth-built
structures.

5.CONCLUSION
For all heritage structures, maintaining traditional craft skills and knowledge is essential for
the carrying out repairs and restoration work and where this knowledge has been lost an
understanding of the materials and methods should be re-established using an evidenceled approach (ICOMOS, 1999; Cassar, 2005). The desired outcome of any repair is that it
co-exist with the historical material and would not lead to any further degradation of the
material that is being conserved (Mason and Avrami, 2002). The ICOMOS charter (2003)
‘Principles for the analysis, conservation and structural restoration of architectural heritage’
extends this to consider the role of materials research more fully, and has a key guiding
principle listed as ‘Research and Diagnosis’. This principle relates to the approach that
should be taken when undertaking research in to historic buildings and requiring a full
understanding of the structural and material characteristics required in conservation
practice and, crucially in this present context, the approaches that should be made when
diagnosing defects.
In general, finding an earth mix that approximates the historical material as closely as
possible would be the desire of the practitioner carrying out the repair. One of the issues
with the maintenance of historical properties is that the original historic builder was aware
that there may be a requirement to carry out annual structural work due to the nature of
the building material. In modern practice this is seen as less acceptable with people
looking for medium to long term solutions and hoping to carry out repairs as infrequently
as possible. This is done with a view to reducing maintenance costs and practitioners time.
The case of bousillage repair management presented here is a strong example of this
management issue. Present methods of bousillage repair are undertaken based upon
historical, ethnographic and folk knowledge, but have been modified such that may also
include glass-fibre within the repair mix. Whilst this will assist with identifying areas that
have undergone repair, the use of this material within the earth-mix used in repair may
affect the long-term performance of the material when applied as a patch to damaged
structures. The micromorphological and the near-infra red spectral analyses undertaken
reveal that there is a recognisable contrast between the repair matrix and historical fabrics
including differences in organic components and the size distribution of the inorganic
components. Furthermore there is a strong difference in the spatial arrangement of
components within the historical materials compared to the repairs.
The long-term consequences of these differences is not yet fully understood. The nature
and quantity of the inclusion of plant tissue in the historical material may alternatively be
seen as indicative of the building period and materials available at that time and it may be
shown that repairs using an additional glass-fibre may not influence the building
performance either positively or negatively. It is clear however that the influence of plant
tissues in bousillage is important but poorly understood; this forms an agenda for future
study in order to deliver advice about the nature of repair materials to the National Parks
Service and practitioners working in this area.
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