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physico-chemical assays; reburial of cultural components, both in situ and to the stern of the wreck in a 
purpose built repository; reburial of experimental sacrificial wood and ferruginous samples; and, marine 
biology surveys prior to and following re-interral. Still and video runs were made of the larger site for 
Structure from Motion 3D modeling; models were later created using Agisoft Photoscan.  

The project is a landmark study for in-situ preservation of submerged maritime archaeological sites, and 
builds on the Reburial and Analysis of Archaeological Remains (RAAR) (Nyström Godfrey et al. 2012) and 
Survey, Assess, Stabilise, Monitor and Preserve (SASMAP) projects (Gregory et al. 2013) underway in 
Europe.  
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From April to November 2012, fieldwork at Clarence was divided into 15 stages: a) laying out the datum 
and reference points around the wreck for trilateration and Site Recorder 4 (SR4) mapping; b) pre-
disturbance photography and videography; c) site condition and marine biology surveys; d) sediment coring 
both within and adjacent to the wreck; e) excavation of a 9 m trench along the starboard section; f) 
mapping of all cultural materials in 3D; g) finds processing and conservation assessment; h) temporary 
storage of artefacts on JUPB1; i) photography, materials testing and data entry on the artefact database; j) 
preparation of the off-site reburial repository, placement of the recovered artefacts and experimental 
wooden and ferruginous sacrificial samples on the wreck site and in the reburial repository; k) filling of 
approximately 3 500 poly-weave sandbags with proprietary clean, washed sand and placement around the 
site; l) reburial of all excavated areas using backfill and proprietary sand; m) laying of shadecloth over the 
site; n) final laying of PVC tarpaulins over the shadecloth with additional sandbag anchors; and, o) final 
backfilling and stabilization of the off-site reburial repository. This intensive programme was then followed 
by multiple visits for visual monitoring and to gather samples for conservation analyses. 

Since the project commenced in 2012 there have been ten separate visits to the site involving surveying, 
mapping, visual recording, excavation, reburial and conservation monitoring. These visits were made by 
ARC Investigators and Partners, staff from HV and volunteers. In addition, HV has also undertaken 
compliance activities at the site as part of its regulatory responsibilities. 

The project is a landmark study for in-situ preservation of submerged maritime archaeological sites, and 
builds on the Reburial and Analysis of Archaeological Remains (RAAR) (Nyström Godfrey et al. 2012) and 
Survey, Assess, Stabilise, Monitor and Preserve (SASMAP) projects (Gregory et al. 2013) underway in 
Europe. 
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Figure 9. Original intended location of excavation trenches on Clarence 1987 site plan (after Harvey 1989: 11). 

In recognition of the shallow sediment observed on site, the location of the previous excavations and the 
relatively small aerial extent of the hull, the excavation plan was adjusted to focus primarily on the 
undisturbed starboard portion of the hull (Fig. 10). The project team anticipated that some slumping of the 
sides of the trench could occur with possible loss of destabilised sediment in the strong current. In 1991, 
Coroneos (1991) noted that the natural sediment in the area of the Clarence was unstable and that 
considerable sediment loss had occurred following the 1987 excavations. Therefore the team considered 
the need to stabilise the centre line of the site to prevent slumping from the port side into the starboard 
trench to maintain integrity of the trench profiles. An interim stabilisation strategy was developed, 
consisting of sturdy polycarbonate sheeting held in place with a bund of sandbags to shore up the centre 
line.  

 

 

Figure 10. Final plan for 2012 excavation trench on Clarence outlined in red. Site plan after Harvey 1989: 17. 

	









 

29 

 

 

X-ray and 3D imaging 

The intention was to undertake 3D X-ray imaging and optical captures to enable an identical reproduction 
(3D print) to be made of excavated objects that had high interpretive value but were not going to be 
retained and conserved. Such a replica, made from a durable material such as resin, ensures ongoing 
possibilities for display and study after the object is repatriated into its original archaeological context or 
reburied safely off-site. The digital image data is also a permanent record of the condition of the artefact 
enabling further detailed analysis and interpretation without the original object in hand. 3D imaging is 
particularly valuable for organic objects that cannot be handled until significant and time-consuming 
conservation has been undertaken. Examples of such objects that could be digitally documented and 
reproduced are personal effects (e.g. combs, buttons, jewellery, tooth brushes), parts of the ship (e.g. 
timbers, fittings and fixtures) or cargo (e.g. bones from animals and textiles). Other inorganic objects such 
as ceramics, glass or small metal objects can also be photographed to enable display and interpretation. 

X-ray imaging is a standard method used to document individual artefacts (Cronyn 1990; Hamilton 1996; 
Pearson 1987; Robinson 1998; Viduka 2012). By X-raying an artefact prior to making decisions on 
treatment, conservators can improve their understanding of the condition of the artefact, its method of 
manufacture, whether it is made of one or more materials (composite artefact), and determine whether an 
object is actually present within a given mass or concretion, or if a concretion has formed a negative 
impression of an artefact which has completely deteriorated (Viduka 2012: 296-7). However X-ray imaging 
is not always possible due to the size and or density of an artefact and or the limitations posed by the 
available equipment and the strength of the X-ray source (Cronyn 1990; Viduka 2012: 287 & 292). 

X-ray recording device and format 

An aim of this study was to develop a suitable 2D data capture methodology for both X-ray and artefact 
photographs to create 3D models for the purposes of conservation, archaeological interpretation and 
display. Noting rapid advances in 3D technologies using photogrammetry for sites (Barazzetti et al. 2011; 
Foley et al. 2009; Pollefeys et al. 2003; Sedlazeck et al. 2010; Skarlatos et al. 2012; Telem and Sagi 2010; 
Verhoeven 2011), the team set out to collate a series of 2D X-ray images of an artefact and convert these 
into a 3D X-ray model. At the same time as collecting X-ray images, or immediately thereafter, without 
moving the artefact from the proposed rotational stage, photographs of the artefact would be collected 
from the same view point of each X-ray image and these photos could also be converted into 3D images. 
Conversion of 2D X-ray and photographs to 3D images was proposed using a custom algorithm. 

The AFP loaned the project a GE XR200 system that uses an X-ray source that can produce twenty-two 60 
nanosecond duration pulses of 150 kV per second, which limits the penetration of the beam to only 15 mm 
of steel. Since it is an air-cooled source, the maximum number of pulses per hour is limited to 3 000. Each 
pulse delivers an X-ray dose of 31 µSv, so the total dose per hour is about 100 mSv. Knowing these 
parameters it became possible to design a radiation enclosure and to discuss this design with relevant 
Radiation Protection Agencies. The enclosure was tested in collaboration with the Radiation Protection 
Department of the Canberra Hospital and operation of the system was to be undertaken using the license 
for operation granted to the AFP who trained operators on site. The X-ray enclosure is described in detail in 
Appendix A.  

The X-ray enclosure was housed in a modified, insulated 20-ft (6.1 m) shipping container. The container 
was partitioned with an internal 2 mm steel wall to provide an X-ray system compartment, climate control 
and emergency exits to enable its use on the barge as an X-ray shielding enclosure that complied with 
Australian radiation standards. An exclusion zone was also required around the container to remove any 
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Pre-disturbance Survey 
An archaeological predisturbance survey of Clarence was undertaken by Heritage Victoria in 2009. 
Photographs and measurements were overlaid on the 1987 site plan, and provided evidence that the site 
was suffering continuing loss of sediment and structural remains (Fig. 16). Prior to excavation during the 
April-May 2012 fieldwork period, pre-disturbance recording and preparation was undertaken including: 
detailed photography, sampling of sediments for chemical analysis, basic marine biology survey, and 
positioning hundreds of sandbags on-site for site stabilization. In addition, sediment capture depots were 
created off the bow and stern, with an experimental shadecloth cover over the stern depot to help trap 
excavated sediment and prevent its loss into the water column. 

 

 

Figure 16. Clarence site survey July 2009. Plan by R. Steel, K. Gauvin, D. Kipping; photos by H. Steyne. After Harvey 1989. 
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Sciences (RSES) at the Australian National University (ANU) by a team comprising Master of Archaeological 
Science candidate, Adele Zubrzycka, Chief Investigator, Anthony Barham, and ANU XRD Laboratory 
Manager, Ulrike Troitzsch.  

These analyses aimed to identify the extent of sediment preservation or damage within the wreck, and to 
compare the wreck samples with the surrounding environment to identify potential artefact signatures. 
One of the fundamental questions for wreck loss and preservation in high tidal regime embayments, such 
as Clarence, is whether the sediments within the wreck are local or from other sources. While it is well 
established that wrecks and their debris fields will attempt to settle down to hardpan, it is often less clear 
whether the matrix of the site is comprised of local sources or those entrapped by the introduction of a 
new structure. These sourcing studies can help address this question directly. 

Initial analytical results indicated that the surface marine sediments on the Clarence site are dominated by 
well-sorted, fine and medium sands, consistent with the well-fluxed tidal-current dominated environment 
of the wreck site. The sands are variably mixed with biogenic carbonate and local shell. The facies at 
Clarence are typical of shallow waters around the periphery of Port Phillip and consistent with seafloor 
sediments mapped as nearshore and offshore sand-bar zones for the wreck area (Holdgate et al. 2001, 
adapted from Buckley and Clark 1987; Holdgate et al. 2011). The seafloor sediment train at the site is tidal 
current supplied, and a north-west extension of sands from the Nepean Bay Bar and West Channel to the 
south and south-west. The modal sizes, sorting and lack of binding fines make the sands around the wreck 
highly mobile as a shallow sand sheet, overlying the eroded transgressed surface of harder clayey Tertiary 
regolith basement at shallow depth.  

Marine ecology survey  

The April 2012 pre-disturbance survey noted that Clarence provided a habitat for both sessile and motile 
marine species that are common to Port Phillip. It briefly describes the biota and provides a species list of 
common fish, invertebrates and algae. A short discussion of the results, extracted directly from the April 
2012 Marine Ecology Report by Kate Pritchard from PDS, appears below. The full report is reproduced in 
Appendix B. 

Macroalgae and sponges  

The habitat surrounding the Clarence is characterised by a high density of seagrass Zostera muelleri 
(Table 1). There were several ruffled globular orange sponges within the seagrass. There was a diverse 
range of algae species present on the shipwreck. The only canopy forming species observed was the 
common kelp Ecklonia radiata, which were observed in low abundances. The most dominant species 
observed along the wreck was Sargassum fallax, forming in relatively large brushes in most areas. Other 
common species observed were Caulerpa brownii, Caulerpa trifaria, Codium spp and several thallose red 
algae including Rhodymenia australis and Erythroclonium sonderi. All species observed on transects are 
listed below. There was a large number of sponge species present on the wreck. One common species was 
the prickly rose sponge Dendrilla cactos. 
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both of which are listed species under the Environment Protection and Biodiversity Conservation Act 1999 
(EPBC). 

Table 3. Fish species observed during marine ecology survey April 2012 (Pritchard & PDS 2012a: 4). 

 Species Name  Common Name 

Fishes   

Upeneichthys vlamingii  Goat fish 

 Acanthaluteres vittiger  Toothbrush leatherjacket 

 Meuschenia freycineti  Sixspine leatherjacket 

 Meuschenia flavolineata  Yellow stripped leatherjacket 

 Brachaluteres jacksonianus  Southern pigmy leatherjacket 

 Diodon nicthemerus  Globe fish 

 Tetractenos glaber  Smooth toad fish 

 Neoodax balteatus  Weed whiting 

 Notolabrus tetricus  Blue throat leatherjacket 

 Sepia apama  Giant cuttlefish 

 Parablennius tasmanianus  Tasmanian blenny 

 Stigmatopora argus  Spotted pipefish  

 Hippocampus abdominalis  Bigbelly seahorse 

 

Introduced species  

No introduced species were observed during the survey; however, several species are known to inhabit the 
area, including the Northern Pacific sea star, Asterias amurensis. 
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Figure 21.  Photomosaic of Clarence post-excavation. Image created by D. Shefi. 

Stills and video were taken of all excavation squares, and exposed features; multiple linear transits were 
made of the site and excavation area; and, complete mosaics were made at different flying heights over the 
site. Sufficient saturation and wrap-around runs were made to complete Surface from Motion 3D 
reconstructions and also photomoasics. Availability of AgiSoft Photoscan by the end of the project allowed 
more detailed 3D photogrammetry (Fig. 22) and heightfield data models (Fig. 23) to be completed by Kevin 
Edwards. Profiles across the hull can be reconstructed from these hightfield data.  

 

 

 

Figure 22. 3D model of exposed starboard side of Clarence after excavation. Created by K. Edwards. 
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Artefacts 

Artefacts and conservation summary7 

It was found that the close collaboration between the finds recording and conservation teams and the close 
proximity of these two work stations resulted in the vast majority of processes for conservation and finds 
management running extremely smoothly. The close working relationship and good communication 
between the two teams from the preliminary design stages through to the field, and the flexibility inherent 
in the database methodology adopted, was critical to the success of the site recording and analysis in the 
available time frame. 

The low density of artefacts from previous and current excavations suggests that this material has been lost 
from the site through past human and natural agencies. A significant layer of kaolin ballast was overlain by 
a poorly consolidated layer of marine sediments that is likely to have been reworked over time. The most 
diagnostic artefacts such as cask staves and lids, coir cordage, leather patches and ferruginous objects were 
recovered from within the kaolin unit and the marine sediment disconformity above it. The paucity of 
artefacts recovered from the marine sediments illustrates the instability of this upper sediment unit.  

Over the course of the 2012 excavation, 109 individual pieces, totalling 35 artefacts, were recovered. Whilst 
the aretfacts remained in situ a minimum of four measurements were taken from nearby datums plus a 
depth measurement for importing to SR4 (Fig. 25). Sixteen of the 35 artefacts are thought to be dunnage. 
The artefacts were kept submerged in tubs containing sea water, cleaned, photographed, registered, 
tagged and then wrapped in polyester geotextile (Bidim A14), followed by a high density polyethylene 
shadecloth and placed in wet storage until the reburial phase of the project commenced (Shefi et al. 2014). 
All artefacts were returned to the site but organics were buried in the off-site storage depot situated 10 m 
south of the stern (Veth et al. 2013). Small samples were taken from the cordage (CL12RS-0012) and 
leather artefacts, CL12A-0008 and CL12B-0009, by the conservation team to identify the fibres and 
determine their extents of degradation (Veth et al. 2013). The analytical reports are re-produced in 
Appendices H and I, respectively. 

                                                           

7 Parts of this section previously published in Richards et al. (2014), Shefi et al. (2014) and Veth et al. (2013). 
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Figure 27. Recovered rope wrapped, labelled and ready for reburial. Photo by K. Kasi. 
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A proprietary 2000 L high density polyethylene water tank (1.8 m height; 1.2 m diameter) was purchased, 
the ends cut off and the tank sawn in half. This cylinder (1.0 m height) was then dredged into the seabed 
10 m south of the site, just off the starboard stern. The sand was dredged from within the confines of the 
cylinder and the least degraded organic artefacts (i.e. two wooden barrels and leather artefacts) placed at 
the bottom of the depot, covered with 10 cm of surrounding sand then the more fragile organics (i.e. rope, 
dunnage and the most degraded barrel) were placed on top of this layer. The depot was then backfilled 
with surrounding sediment, covered with shadecloth and anchored with polypropylene sandbags (Fig. 33). 

 

 

 

Figure 33. Off-site storage depot at the end of the May 2012 fieldwork period. Photo by J. Parkinson. 

Since it is scientifically inappropriate to annually re-excavate a site to collect samples and/or recover the 
reinterred artefacts to ascertain whether the reburial strategy has been successful and not detrimental, 
replicate sacrificial modern samples were deposited in the same archaeological context as the reburied 
artefacts. Thus, sacrificial modern ferrous alloy (duplicate cast iron and mild steel coupons) and wood 
samples (duplicate samples of pine, Sydney blue gum and blackbutt) were reburied with the artefacts on-
site and in the reburial depot. Four ferrous alloy and eight wood sample plates were manufactured. One of 
the duplicate iron or wood samples was wrapped in Bidim A14 geotextile to ascertain its protective effect 
on the iron and wood artefacts after reburial. The four iron alloy sample plates were positioned along the 
keelson, adjacent to where the iron artefacts were reburied on-site. Four wood sample plates were placed 
1 m towards the stern to ensure there would be no influence of the metal corrosion products on the 
degradation of the wood samples (Fig. 34). The remaining four wood sample plates were placed around the 
internal perimeter of the off-site reburial depot. 
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Figure 34. Sacrificial iron and wood samples and wrapped metal artefacts on site prior to reburial. Image by K. Kasi after J. 
Parkinson. 

These samples were recovered at regular intervals (November 2012, 2013 and December 2014) and 
analysed by a number of instrumental techniques in order to quantify the extents of deterioration and 
estimate their current degradation rates. By using the deterioration rates of the modern materials and 
extrapolating from the initial extents of deterioration of the wreck materials measured during the pre-
disturbance survey, the effect of the reburial strategy on the wreck and the reburied artefacts may be 
determined (Richards et al. 2009). 

Towards the end of the four-week fieldwork period, the excavated area was backfilled with dredged 
sediment from the site, which had been collected in two sediment traps positioned near the bow and the 
stern of the site. While the stern trap was extremely efficient is retaining sediments, the bow sediment trap 
only retained some of the spoil. Therefore the forward section of the excavation trench was backfilled with 
proprietary sand emptied from the polypropylene sandbags previously placed around the periphery of the 
site to stabilise the exposed higher profile frames. During this latter reburial phase the weather rapidly 
deteriorated and it was not possible to completely rebury the excavation trench and off-site reburial depot 
to the desired 50 cm datum. As a short-term remediation measure the areas were stabilised with a layer of 
shadecloth anchored with sandbags. 

Three weeks later, in June 2012 a field trip was organised to further rebury the excavation and the reburial 
depot, again using proprietary sand emptied from the sandbags on-site. An average reburial depth of 1 m 
was achieved, which was significantly deeper than the original sediment depths; especially at the stern of 
the wreck (Fig. 35). Sediment core samples were then collected from the excavated area and the reburial 
depot as a baseline for future comparative analysis. The backfilled areas were then stabilised with a layer of 
shadecloth, anchored with more sandbags until the final phase of the remediation strategy could be 
completed in November 2012, which involved covering the entire site with a 250 m2 shadecloth mat, 
followed by three (14 m x 7 m) PVC tarpaulins. 
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Figure 35. Sacrificial samples covered with 1 m of sand. Photo by AHSPP. 

In November 2012, the final reburial phase commenced. A further 1800 sandbags were placed on-site 
followed by a pre-prepared 250 m2 shadecloth mat (3 x 25 m long x 3.66 m wide sections joined together by 
cable ties) deployed flush over the site. The shadecloth was folded in a concertina fashion, allowing the mat 
to be fanned out, starting down current, without recourse to deploying it in separate sections. The mat was 
anchored with 250 sandbags.  

The site was finally covered with three polyvinyl chloride (PVC) tarpaulins (7 m x 14 m x 2 mm) to protect 
the shadecloth and wreck from further damage against anchors and strong currents. Each tarpaulin was 
deployed individually, with the ends unrolled from the mid-section of the site. The three tarpaulins were 
then connected with cable ties and sandbags were tied in place with nylon straps along the seams and 
edges. Finally, the seams, edges and interior of the tarpaulins were covered with 1300 sandbags to prevent 
water movement under the tarpaulin and potential lifting by anchors.  
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Site Monitoring 
In-situ preservation site monitoring12 

Over twelve months from November 2012, visual inspections of the site indicated that the in-situ 
preservation strategy had been successful. All sandbags were in place and the PVC tarpaulins were mostly 
intact despite evidence of angler visitation. There was some entrapped sediment over the site and 
extensive colonisation by marine organisms (Fig. 36). The sediment under the shadecloth was grey in colour 
indicating a low oxygen environment.  

 

 

 

Figure 36. Clarence in December 2014, two years after covering the site with PVC tarpaulins. Photograph by J. Carpenter. 

The scientific monitoring programme was implemented involving the analysis of sediment core and 
sacrificial samples recovered from the reburied areas in order to quantitatively determine whether the 
mitigation strategy was conducive to long-term site preservation. Analyses included the chemistry of the 
sea water, sediments and the associated pore water (pH; redox potential, salinity, dissolved oxygen levels, 
total iron and organic content; sulphide and sulphate concentrations; nutrient [nitrogen and phosphorus] 
levels) and the type and nature of the sediments (moisture content; particle size distribution). The 
sacrificial samples were analysed for maximum water content (Umax). The methodology for these analyses 
has been previously published in Richards et al. (2009). 

The results of the sediment analyses can then be correlated with the deterioration profiles of the sacrificial 
samples. This information is compared with the pre-disturbance conversation survey results, then 

                                                           

12 This section reproduced from Richards, et al. (in press a).  
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installation would slowly degrade producing more EOM in the upper fractions of the reburied sediment 
column.  

Generally, porosity decreases with increasing grain size and poorly sorted sediments have lower porosity 
than similarly sized well-sorted sediments. Sediments with lower porosity often have a lower hydraulic 
conductivity (less water flow) and generally, lower organic contents (Nyström Godfrey et al. 2011). This is 
significant as the amount of water, water flow and organic material in the sediments will affect the type 
and rate of chemical and biological processes occurring in the sediments. Hence, based on the grain size 
distribution and EOM results it appears that the sediment in the excavation trench would be more 
conducive to the long-term preservation of the wreck remains than the original sediments present on-site 
prior to excavation.  

 

 

 

Figure 37. Grain size distribution of the baseline sediment on Clarence prior to excavation in April 2012. 
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Figure 38. Grain size distribution of the reburial trench sediment in December 2014 (30 months after reburial; 25 months after 
covering). 

 

 

 

 

Figure 39. Grain size distribution of the proprietary sand. 
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Figure 41. Dissolved oxygen concentrations in the baseline and reburial trench sediments. 

 

 

 

Figure 42. Sulphide contents in the baseline and reburial trench sediments. 
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After initial deposition of the backfilled baseline sediment and proprietary sand, the pH was slightly more 
acidic than the baseline due to an increase in dissolved oxygen content introduced during the dredging 
process and a corresponding increase in aerobic biological activity, which will produce hydrogen ions and 
acidic metabolites (Fig. 44). Over time the pH increased with increasing depth and time interval due to the 
reduction of dissolved oxygen producing hydroxyl ions under less oxidising conditions and decreasing 
biological activity. Hence, the pH of the reburial trench sediment is slowly equilibrating to baseline levels 
after two years. 

 

 

 

Figure 43. Redox potential profiles of the baseline and reburial trench sediments. 
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ecologist with a zoologist/maritime archaeologist as a buddy. The first surveys in April 2012 were 
undertaken by a team of four experienced marine biologists, so it is also possible that the additional 
expertise had some impact on the species diversity identifications.  

Macroalgae and Sponges  

The most abundant species colonising the wreck was the sea-grass Zostera muelleri. There were two 
canopy forming species observed, the common kelp Ecklonia radiata and the crayweed Phyllospora 
comosa, observed in low abundances. Other species observed were Sargassum sp., Caulerpa spp. Codium 
spp. and several thallose red algae including Rhodymenia australis. All macroalgae species observed on 
transects are listed in Table 4 below.  

There was a large number of sponge species present on the wreck. One common species was the prickly 
rose sponge Dendrilla cactos.  
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Mobile Invertebrates and Cryptic Fishes  

The most common species observed was the common sea urchin Heliocidaris erythrogramma. Other 
invertebrates present included the swimming anemone Phlyctenactis tuberculosa, the cartrut shell 
Dicathais orbita, and the giant spider crab Leptomithrax gaimardii. All species observed on transects are in 
Table 5 below.  

 

Table 5. Invertebrate species observed on transects during November 2012 survey (Pritchard & PDS 2012b). 

 Species Name  Common Name 

Invertebrates   

Heliocidaris erythrogramma  Common sea urchin 

 Herdmania grandis  Red-mouthed ascidian 

 Leptomithrax gaimardii Giant spider crab 

 Sabella spallanzani Giant fanworm 

 Dicathais orbita Cartrut shell 

 Coscinasterias muricata  Eleven armed sea star 

 Phlyctenactis tuberculosa  Swimming anemone 

 Paguristes frontalis  Southern hermit crab 
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elevation intertidal clay-pan (Zubrzycka et al. 2014: 4). These were analysed using XRD (X-ray Diffraction) 
and compared to nine samples collected within and around the wreck (Fig. 47) during the excavation period 
in 2012. Full details regarding the sampling locations, strategies and analytical systems and equipment are 
contained in Appendix E.  

 

 

 

Figure 46.Locations of SPA1-15 sediment samples surrounding Port Phillip. Image Courtesy Google Earth, 2013. (Zubrzycka et al. 
2014: 6). 
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Figure 47. Short core and grab sample locations in the wreck of the Clarence. Image courtesy of A. Khan. 

Results 

Results of XRD analyses are shown in Tables 7, 8 and 9. Table 7 contains results from Set A (within the 
wreck), Table 8 contains results from Set B (sea-floor surrounding wreck site) while Table 9 contains results 
from Set C (surrounding coastal geologies in Port Phillip Bay). Figure 48 illustrates variations in 
mineralogical compositions in Sets A and B, specifically with regards to quantities of kaolinite, plagioclase 
and clinopyroxene (Zubrzycka et al. 2014: 8). Due to the presence of halite and/or calcite, the quantification 
of minerals and clays in the final stages of data analysis (particularly Set A and B) was inaccurate. To 
account for these irregularities, total clays with and without these minerals are included in all tables 
(Zubrzycka et al. 2014: 9). 
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Table 7. CLI1 samples collected from Clarence wreck site, April/May 2012. 

 CLI1-0005 CLI1-0006 CLI1-0007 CLI1-0008 CLI1-0009 

Location Close to ceiling 
planking near 
foremast stump 

Near 
keelson, 
stern end 

Centre of 
wreck 

Close to ceiling 
planking near 
foremast stump 

Near ceiling 
planking, 
bow end 

Goodness of fit X2 3.16 3.80 3.31 4.09 3.55 

Minerals      

Quartz 34.9 22.5 25.2 36.6 30.4 

Plagioclase - 3.9 2.3 20.2 7.9 

K-feldspar - 3.6 3.2 4.8 5.0 

Halite 1.2 5.9 2.5 0.5 0.6 

Calcite - - - - 5.1 

Illite/smectite 5.6 - - - - 

Vermiculite - 0.2 0.7 0.6 0.8 

Aragonite - - - - 6.2 

Gypsum - - - - 2.1 

Illite/muscovite 10.4 7.0 5.5 2.4 1.9 

Kaolinite 47.9 56.9 60.6 21.1 32.3 

Clinopyroxene - - - 13.8 7.7 

Total 100 100 100 100 100 

      

Total clay 63.9 64.1 66.8 24.1 35.0 

Total clay w/out carbonates or halite 64.7 68.1 68.5 24.2 39.7 
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Table 8. CLI2 samples collected from adjacent sea-floor associated with Clarence wreck site, April/May 2012. 

 CLI2-0001 
0-2 cm 

CLI2-0001 
2-4 cm CLI-0002 CLI2-0003 

0-2 cm 
CLI2-0003 
2-4 cm CLI2-0004 CLI2-0010 

Location Stern end, 
stb side. 

Stern end, 
stb side. 

Stern end, 
stb side. 

Bow end, 
stb side. 

Bow end, 
stb side. 

Bow end, 
port side. 

Bow end, 
port side. 

Goodness of fit X2 2.76 2.55 2.52 2.43 2.47 2.29 2.38 

Minerals        

Quartz 28.5 30.6 28.4 28.7 25.4 24.8 26.1 

Plagioclase 2.5 3.0 3.8 2.7 2.3 2.7 2.2 

Halite 1.3 0.6 1.2 1.0 1.6 0.9 1.1 

Calcite 51.3 48.7 48.2 49.3 53.6 54.7 52.5 

Dolomite 1.6 1.1 1.1 1.2 1.0 1.0 1.2 

Aragonite 12.5 12.5 14.2 14.7 13.6 13.3 13.9 

Vermiculite - 0.4 - - - - - 

Illite/muscovite 1.3 1.0 1.5 0.5 1.2 1.0 1.8 

Illite/smectite - 1.0 0.5 0.3 0.4 0.3 0.3 

Kaolinite 1.0 1.1 1.1 1.6 0.9 1.3 0.9 

Total 100 100 100 100 100 100 100 

      

Total clay 2.3 3.5 3.1 2.4 2.5 2.6 3.0 

Total clay w/out 
carbonates and 
halite 

6.9 9.4 8.8 7.1 8.3 8.6 9.6 
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Table 9. SPA samples collected from local geology, March 2013.  

 SPA1 SPA2 SPA3 SPA4 SPA5 SPA6 SPA7 SPA8 SPA9 SPA1
0 

SPA1
1 

SPA1
2 

SPA1
3 

SPA1
4 

SPA1
5 

Goodness of fit 
X2

 

2.97 2.55 3.39 3.57 4.85 4.51 5.15 4.32 4.07 3.42 3.04 3.89 3.99 4.59 4.51 

Minerals                

Quartz 44.1 28.1 64.9 - 0.5 0.3 - 14.9 13.9 25.9 97.7 74.4 55.4 17.6 8.4 

K-feldspar - - 1.8 - - - - - - - - - - - - 

Goethite 10.7 52.6 - 1.6 3.4 7.4 - - - - - - 10.9 14.9 - 

Hematite - - - 14.8  3.1 - - - - 2.3 2.8 - - - 

Halite - - - 5.4 1.8 0.7 0.6 14.7 42.8 9.4 - - - - 1.9 

Calcite 14.7 4.4 6.5 - - - - 1.8 - 11.0 - - - - - 

Aragonite - - - - - - - - - 15.8 - - - - - 

Gypsum - - 1.6 - - - - 1.3 3.7 1.5 - 1.1 0.7 - - 

Smectite - 9.6 - - - - - - - - - - - - - 

Vermiculite - - - - 0.1 - 0.4 - - - - - - 0.6 - 

Illite/ 

muscovite 

27.4 3 20.8 - 0.30 - - 32.9 16.8 18.8 - - - 1.9 1.9 

Illite/ 

smectite 

- - - - - - - 17.5 10.6 7.5 - - - - - 

Kaolinite 3.1 2.3 4.4 74.3 89.3 85.6 96.3 16.9 12.2 10.1 - 21.7 33.0 65.0 87.8 

Anatase - - - 3.9 4.6 2.9 2.7 - - - - - - - - 

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
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Figure 48. Mineralogical percentages of kaolinite, clinopyroxene, plagioclase and K-feldspar in Sets A, B and C. 
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Conclusions 
Geomorphology 

Results from XRD analysis suggest that the clay-rich sediment found within Clarence is unlikely to have 
derived from the surrounding landscape, having settled on the wreck via storm surges or tidal and current 
activity. This is supported by the unique presence of clinopyroxene is sample sets CLI1-0008 and CLI1-0009, 
as well as the lack of relationship between the mineral composition of clays collected from the surrounding 
shoreline and those identified within the wreck during field work in April 2013.  

The overall purpose of the clay-rich sediment, and time frame in which it was deposited could not be 
identified via this form of analysis, nor could the geographical location in which it was originally collected. 
However, observations made during excavations, in addition to historic accounts of clay being used jointly 
as a ballast and export good, suggest that the clay-rich sediment is likely to have been transported in the 
ship for such purposes, most likely as a temporary ballast to be removed once its port of trade was 
reached. Tip lines were observed in the profile of the sediment above the keelson on the port side of the 
excavation trench. The analysis of the five core samples indicates that the three samples taken from the 
stern to midships (CLI1-0005-0007) had similar composition of kaolinite and illite/muscovite; the two 
samples forward of midships (the mast step and in the bow), had lower levels levels of kaolinite but also 
contained clinoproxene, potentially evidence of being collected from a different location to the stern 
samples (as noted by Troitsche, above). 

In addition, research published by Gingele and de Deckker (2004) suggests that the mineral composition of 
clay-rich sediment has the potential to be successfully analysed against known mineralogical fingerprints of 
various river systems in Australia. Presently, comparative analysis of these known data sets suggests the 
clay-rich sediment may have derived from NSW Northern Rivers (Patrick De Deckker 2015, pers. comm., 23 
June).  

Marine ecology14 

Ford and Chamberlain (2015) identified a more diverse biotic community in the 2015 surveys than what 
was reported in November 2012 (Pritchard & PDS 2012b). In particular, no cryptic fish species were 
observed in 2012 and many invertebrate species were noted but not identified. It is therefore likely that the 
apparent increase in species diversity is linked to the change in survey methodology, where the 2015 
surveys were more focused and rigorous. All species identified in 2015 are extremely typical for Port Phillip 
Bay sandy-sea-grass communities (Jenkins et al. 1997; Wilson et al. 1998) and it is unlikely there has been 
any significant change between the surveys. It is possible that the more mature habitat two years after the 
reburial now supports a more diverse community, but we cannot make that deduction conclusively on the 
information available.  

                                                           

14 Reproduced from Ford & Chamberlin (2015). 
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Figure 2. The X-ray source in the source box with the 3D camera removed. The beam-defining aperture can be seen. 

 

 

Figure 3. Rotary table in its usual position. On the sample mounting spacers are the Spyder calibration tools used to calibrate 
the camera. The bolt in the baseplate indicates the position of the rotary stage when small items are examined. 

 

 

Figure 4.  X-ray source and camera in position. Note the camera is removed when X-ray images are to be acquired.  
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Appendix B: Marine Ecology Report April 2012 
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Hippocampus bleekeri   Potbelly seahorse 
3.4 Introduced Species 
No introduced species were observed during the survey however several species are known to 
inhabit the area, including the Northern Pacific seastar Asterias amurensis. 
 
 
 

4 Conclusion 
 
 
The Clarence shipwreck has provided habitat for a range of sessile and motile marine species. 
The species observed are species common to Port Phillip Bay. It appeared the seagrass 
surrounding the wreck was a nursery for juvenile toothbrush leatherjackets Acanthaluteres 
vittiger. The shipwreck is located close to the channel, surrounded by seagrass beds, being 
the only artificial reef in the area, making a safe haven for the species that have colonised it. 
There were no introduced species were observed during the survey. 
 
 
Figure 1. Green algae Caulerpa trifaria, three-cornered Caulerpa. 
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Figure 2. Seagrass Zostera muelleri. 

 
 
Figure 3. Common sea urchin Heliocidaris erythrogramma. 

\  
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Figure 4. Eleven armed seastar Coscinasterias muricata on a sandbag.    

 
 
Figure 5. Cuttlefish Sepia apama. 
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Figure 6. Southern hermit crab Paguristes frontalis. 

 
 
Figure 7. Goat fish Upeneichthys vlamingii . 
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Figure 8. Six spined leatherjacket Meuschenia freycineti. 

 
 
Figure 9. Spotted pipefish Stigmatopora argus     
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Figure 10. Globe fish Diodon nicthemerus. 
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Appendix C: Marine Ecology Report November 2012 
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Invertebrate species observed 
Species Name     Common Name 
Heliocidaris erythrogramma   Common sea urchin 
Herdmania grandis    Red-mouthed ascidian 
Coscinasterias muricata   Eleven armed seastar 
Phlyctenactis tuberculosa   Swimming anemone 
Paguristes frontalis    Southern hermit crab 
Leptomithrax gaimardii   Giant spider crab 
Sabella spallanzani    Giant fanworm 
Dicathais orbita    Cartrut shell 
 
3.3 Fishes 
The most abundant fish observed on the wreck was the toothbrush leatherjacket 
Acanthaluteres vittiger. Other common species included the goat fish Upeneichthys vlamingii 
and the weed whiting Neoodax balteatus. All species observed on transects are listed below. 
 
Fish species observed 
Species Name     Common Name 
Upeneichthys vlamingii   Goats fish 
Acanthaluteres vittiger   Toothbrush leatherjacket 
Meuschenia freycineti    Sixspine leatherjacket 
Meuschenia flavolineata   Yellowstriped leatherjacket 
Diodon nicthemerus    Globe fish 
Neoodax balteatus    Little weed whiting 
Lotella rhacinus    Beardie 
 
3.4 Introduced Species 
The introduced fan worm Sabella spallanzani was observed on the wreck during this survey.  
 
 
 

4 Conclusion 
 
 
The habitat that had colonised the Clarence shipwreck was dominated by the seagrass Zostera 
muelleri. As during the first survey it appeared the seagrass surrounding the wreck was a 
nursery for juvenile toothbrush leatherjackets Acanthaluteres vittiger. There were a few 
species observed that were not recorded during the original survey, including the introduced 
fan worm Sabella spallanzani. 
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Figure 1. Common kelp Ecklonia radiate. 

 
 
Figure 2. Small patch of seagrass Zostera muelleri growing on the wreck. 
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Figure 3. Crayweed Phyllospora comosa. 

 
 
Figure 4. Canopy algae and sponges.    
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Figure 7. Giant spider crab Leptomithrax gaimardii. 

 
 
Figure 8. Toothbrush leatherjackets Acanthaluteres vittiger. 
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Figure 9. Goats fish Upeneichthys vlaminghii.    

 
 
Figure 10. Goats fish Upeneichthys vlaminghii.   
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Figure 11. Globe fish Diodon nicthemerus. 

 
 
Figure 12. Velvet leatherjacket Meuschenia scaber. 
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Appendix D: Marine Ecology Report March 2015 

Biological Survey of the Clarence Shipwreck 
St Leonards, Port Phillip Bay, Australia 

March 2015 

 

 

Report prepared by Dr John Ford and Dean Chamberlain at the University of Melbourne for the University 
of Western Australia and Heritage Victoria. 

 

�6�F�R�S�H���R�I���W�K�H���U�H�S�R�U�W 
The University of Western Australia commissioned the University of Melbourne to conduct a biological 
survey of the Clarence shipwreck site and a scientific report detailing the findings. This document reports 
on the general biotic and abiotic environment on and surrounding the Clarence site, provides quantitative 
measures of mobile fish, cryptic fish, mobile invertebrates and benthic biota cover, and statistically 
compares the biota to two reference sites approximately 150 m from the Clarence. A qualitative 
comparison of results is made to previous biological surveys in 2012.  

�$�E�R�X�W���W�K�H���D�X�W�K�R�U�V 
Dr John Ford is a marine research fellow at the School of Biosciences at the University of Melbourne. He is 
an expert on the biota of Port Phillip Bay and has conducted over 500 scientific SCUBA dives around 
Melbourne and the Victorian coastline. He undertakes a variety of marine research work including 
biological surveys, habitat restoration and fisheries sustainability. 

Dean Chamberlain is senior technical officer at the School of Biosciences at the University of Melbourne. He 
is an expert SCUBA diver and boat operator, and has conducted thousands of scientific SCUBA dives, most 
in Port Phillip Bay. Dean has an in depth knowledge of local fish, invertebrates and algae.    

 

�(�[�H�F�X�W�L�Y�H���6�X�P�P�D�U�\ 
A comprehensive biological survey of the Clarence shipwreck site and nearby habitats was carried out in 
January 2015 by SCUBA divers using the benchmark Reef Life Survey monitoring methodology. The 
Clarence, initially excavated then reburied by a research team 2012, was almost completely covered in soft 
sediment at the time of the survey with the only visible sections the Samson post and some port side 
frames. Because the wreck had been actively buried to a height greater than the surrounding sediment and 
then covered with a tarpaulin and sandbags, the site had greater relief than surrounding areas and the 
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Table 1. Presence-absence of benthic biota species amongst sites. 

a) Seagrasses and brown algae 

 MAGNOLIOPHYTA - Seagrasses  PHEAOPHYTA - Brown algae 

 Zostera 
nigracaulis 

Halophila 
spp. 

Seagrass 
spp. 

diversity 

 Dictyopteris 
muelleri 

Lobospira 
bicuspidate 

Sargassum 
vestitum 

Cystophora 
spp. 

Ecklonia 
radiata 

Dictyota 
marginatus 

Brown algae 
spp. diversity 

Clarence wreck Y Y 2  Y Y Y N Y N 4 

Reference South Y Y 2  Y Y N Y N N 3 

Reference West Y Y 2  Y Y N Y Y Y 5 

2012 Clarence 
surveys N N 1*  Y N Y N Y N 4** 

* 2012 surveys identified the intertidal seagrass Zostera muelleri which is most likely a mis-identification. 

**2012 surveys also identified Phyllospora comosa, which was present in the 2015 survey but was considered drift and not counted as benthic biota. 
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Table 2. Presence-absence of mobile fish species 

 
Southern 
goatfish 

Upeneichthys 
vlamingii 

Toothbrush 
leatherjacket 

Acanthaluteres 
vittiger 

Dusky morwong 
Dactylophora 

nigricans 

Rock flathead 
Platycephalus 

leavigatus 

Six spined 
leatherjacket 

Meuschenia freycineti 

Velvet 
leatherjacket 

Meuschenia 
scaber 

Rosy wrasse 
Pseudolabrus 

psittaculus 

Southern 
fiddler ray 

Trygonrrhina 
guaneria 

Mobile fish 
species diversity  

Clarence wreck Y Y Y Y Y Y Y N 7 

Reference South Y N N N N N N N 1 

Reference West Y Y N N N N N Y 3 

2012 Clarence 
survey  

Y Y N N Y Y N N 7* 

*2012 surveys also identified the globefish Diodon nichtherus, little weed whiting Neoodax balteatus and beardie Lotella rhancina.  
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Table 3. Presence-absence of cryptic fish species 

 Common 
triple fin 
Norfolkia 

clarkei 

Sand goby 
Nesogobius 

spp. 

Pygmy 
leatherjacket 
Brachaluteres 
jacksoniansus 

Crested weedfish 
Cristiceps 
australis 

Common weedfish 
Heteroclinus 
perspicillatus 

Pipefish 
Stigmatopora 

spp. 

Painted stinkfish 
Ecollionymus 

papilo 

Velvetfish 
Aploactisoma 

milesii 

Snake blenny 
Ophiclinus 

spp. 

Cryptic fish 
species 

diversity 

Clarence wreck Y Y Y Y Y Y Y Y N 8 

Reference South Y Y Y Y Y Y N N Y 7 

Reference West Y Y Y Y Y Y Y N N 7 

Nov 2012 
Clarence survey 

N N N N N N N N N 0 
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Table 4. Presence-absence of mobile invertebrate species 

 Scallop 
Pectens 

fumagatus 

 

Red crab 
Nectocarcinus 

integrifons 

 

Glass shrimp 
Macrobrachium 

intermedium 

Sea Cucumber 
Australostichopus 

mollis 

Hermit 
crab 

Paguristes 
frontalis 

Red 
clawed 
glass 

shrimp 
Palaemon 

serenus 

11-arm star 
Coscinasterias 

muricata 

Swimming 
anemone 

Phlyctenactis 
tuberculosa 

Doughboy 
scallop 

Chlamys 
asperimus 

Common 
anemone 
Anthothoe 
albocincta 

Decorator 
crab 

Naxia 
aurita 

Southern 
pygmy 
squid 

Idiosepius 
Notoides 

Invert 
species 

diversity 

Clarence 
wreck Y Y Y Y Y Y Y Y N Y N N 9 

Reference 
South Y Y Y Y Y N N N Y Y Y Y 9 

Reference 
West Y Y Y N Y N Y Y Y Y N Y 9 

Nov 2012 
Clarence 
survey 

N N N N Y N Y Y N N N N 6* 

*2012 surveys also identified the common sea urchin Heliocedaris erthrogramma, giant spider crab Leptomithrax gaimardii and the catrut shell Dicathais orbita. 
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The buried Clarence wreck site supported a natural soft-sediment seagrass community with greater 
diversity of fish and invertebrates and a higher cover of seagrass than nearby reference sites. This 
difference is likely linked to the increased relief and complexity of the Clarence site compared to nearby flat 
sandy environments. We observed much greater species diversity than the 2012 surveys, most likely due a 
combination of an improved methodology and a more mature and stable community having developed 
over time. Overall, the results indicate a successful reburial process of the Clarence shipwreck that has 
enabled the establishment of a diverse natural biological community.  

The link between substrate and benthic habitat complexity promoting species diversity and productivity is 
strong in marine systems (Thrush and Dayton 2002, Lohrer et al. 2004, Bouma et al. 2009). The increased 
sediment relief provided by the burial of the Clarence, along with the complexity provided by semi-exposed 
sandbags and ship structures provided a greater diversity of habitats than nearby sandy sediments. Whilst 
not explicitly measured in this report, the substrate complexity is likely to be the causal link to higher biota 
cover and species diversity at the Clarence wreck site. The seagrass cover at the Clarence site was over 
twice that of the reference sites, and seagrass systems are well documented as supporting greater diversity 
of fish and macro-invertebrates than soft sediment communities (Orth et al. 1984, Beck et al. 2001). 
Curiously, we did not see a predictive linear relationship between the benthic biota or seagrass cover and 
species diversity, however most species were found in low abundance and it is possible that any 
relationship was not simply linear. Furthermore, every point-intersect quadrats at all sites recorded some 
cover of seagrass and algal biota, and therefore differences may be stronger when comparing 
fundamentally different habitats, e.g. seagrass vs bare sand vs rock reef.    

Cryptic fish and mobile invertebrate species diversity was higher at the Clarence site than at least one of 
the reference sites, likely linked to increased abiotic and biotic habitat complexity as discussed above. 
However one species, the sand goby Nesogobius spp. was in higher abundance at one reference site. This 
site also had the lowest cover of benthic biota and hence the highest cover of open sand, the preferred 
habitat for Nesogobius. We failed to detect any significant differences in other species abundances 
amongst plots, however this may be due to the generally low abundances detected, particularly of the 
larger mobile invertebrates. 

Two invasive species were identified during the surveys: the European fan worm Sabella spallanzanii and 
the sea grape Molgula manhattensis. S. spallanzanii is a widespread invader in Port Phillip and while its 
invasion is considered irreversible (Currie and Parry 1999), it is not predicted to have large effects on the 
benthic environment (Ross et al. 2007). Molgula manhattensis is also widespread in Port Phillip Bay but 
unlike S. spallanzanii it is not well studied and little is known if its distribution and ecological impact. We 
observed a clear increase in soft sediment microhabitat complexity where M. manhattensis was present, 
and the holes and crevices were often inhabited by fish and invertebrates. Such bio-engineering species can 
significantly increase structure of benthos and complexity and productivity of food webs in soft sediment 
communities (Reise 2002). 

We identified a more diverse biotic community in the 2015 surveys than what was reported in November 
2012 (Professional Diving Services 2012b). In particular, no cryptic fish species were observed in 2012 and 
many invertebrate species were noted but not identified. It is therefore likely that the apparent increase in 
species diversity is linked to the change in survey methodology, where the 2015 surveys were more focused 
and rigorous. All species identified in 2015 are extremely typical for Port Phillip Bay sandy-seagrass 
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Appendix E: Geomorphology and XRD Analysis (Zubryzcka 
et al. 2014) 
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Comparative XRD analysis of clay-rich sediment samples from a 19th 

century wreck site in Port Phillip Bay, Victoria, Australia 
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Abstract 

Little is known about shipbuilding in Australia in the early to mid-19th century. Under the Australian 

Research Council (ARC) funded Australian Historic Shipwreck Preservation Project (AHSPP) 

(www.ahspp.org.au), underwater excavations were carried out in April-May 2012 on the historic trading 

schooner Clarence, wrecked in shallow waters at Port Phillip Bay, Victoria in September 1850. During 

excavations, cores collected by lead investigator Peter Veth and principle investigator Vicki Richards were 

found to contain clay-rich sediment, thought to be ballast. This discovery stimulated investigations of the 

micro-sedimentary environments and taphonomy associated with the vessel, especially fine-grain sediment 

supply to the wreck and current and tidal influences on the stability of sediments lodged in and around the 

site. In order to address these questions, sediment samples were collected from the wreck, seabed and 

adjacent shorelines. Clay fractions were analysed at the Australian National University (ANU) using X-Ray 

Diffraction (XRD). Key objectives were to compare mineral signatures in the 'ballast' from clay-rich sources 

on the seabed and coastal foreshores possibly incorporated as the vessel foundered. Results successfully 
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50 cm in depth (Taylor, 2013). A number of finds including cask staves and lids; coir cordage; leather 

patches and other items were also found within the clay deposit (Veth et al, 2013). Chief investigators Peter 

Veth, Vicki Richards and project diver Mike Nash, collected cores of the deposit and sediment in and 

around the wreck. Although clay is proposed to have been a popular form of ballast material in the 19th 

century (Taylor, 2013), little contemporary or historic material exists regarding its use in Australia. This 

material makes it difficult to pinpoint particular locations in which clay was collected or how widespread 

the practice was. If clay-rich sediments are confirmed to be ballast, Clarence could be the first example of a 

clay ballasted vessel to be located and sampled in the country (Veth et al, 2013). 

This discovery and questions surrounding future preservation of the wreck stimulated investigations into 

micro-sedimentary environments and taphonomy associated with the site and the stability of sediments 

lodged in and around the wreck. Key objectives were to compare mineral signatures in the 'ballast' from 

clay-rich sources on the seabed and coastal foreshores to confirm the likelihood of clay-rich sediments 

being ballast. In order to address these questions, sediment samples were collected from the surrounding 

onshore landscape and analysed using XRD in March 2013 along with samples collected in April-May 2012 

from the wreck and adjacent seabed at the Research School of Earth Sciences (RSES), ANU. This analysis 

was also undertaken to identify the extent of sediment preservation or damage within the wreck. 

XRD is considered a cheap, fast and relatively effective method for identifying and analysing clay minerals. 

Although some criticisms have been made in regards to its overall accuracy, if correct precautions are taken 

it can be a useful tool in identifying clay mineral variations in sediments (Kahle et al., 2002). 
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Methods 

Analysed sediment from Set A was carefully removed from cores in order to avoid contamination of clay-

rich deposits with overlying loose marine sediment. Analysed sediment from Set B was sampled at 2cm 

intervals in order to collect a representative sample of surface and underlying sediments on the sea floor. 

Therefore, XRD analysis on all Set B samples (except CLI2-0004 and CLI2-0010) was conducted twice per 

core and conducted on all aspects of the sample, including miscellaneous marine sediment. Analysed 

sediment from Set C was prepared in order to produce an accurate representation of coastal landscape 

formations. All remaining sediment from Sets A, B and C were retained in separate storage containers at 

the RSES, ANU. All sample sets were prepared and analysed using powder XRD and clay separation 

methods. 

Powder XRD was carried out with a SIEMENS D501 Bragg-Brentano diffractometer equipped with a graphite 

ethanol with a McCrone Micronizing Mill, and dried at 40°C. Samples were suspended on a side-packed 

sample holder and analysed from 2 to 70° 2-theta, at a step width of 0.02° and a scan speed of 1° per 

minute. Clay separation was performed by the settling method and samples prepared according to the 

Millipore Filter Transfer Method (Moore and Reynolds, 1997). Clay samples were analysed after Mg-

saturation (scan range 2-42° 2theta, step width 0.02°, scan speed 1°/min), saturation with ethylene glycol 

(2-32°, 0.02°, 1°/min), and heating to 350°C (2-28°, 0.02°, 1°/min) and to 550°C (2-28°, 0.02°, 1°/min). 

Results were interpreted using the Bruker AXS software package Diffracplus Eva 10 (2003) for identification, 

and Siroquant V3 for quantification (using the bulk scan). 

 

Results 

Results are shown in Tables 1, 2 and 3 and Fig. 3. Table 1 represents results from Set A, collected from 

within the wreck. Table 2 represents results from Set B, collected from the sea floor surrounding the wreck 

site. Table 3 represents results from Set C, collected from surrounding coastal geologies in Port Phillip Bay. 

Fig. 3 illustrates variations in mineralogical compositions in Sets A and B, specifically with regards to 

kaolinite, plagioclase and clinopyroxene quantities. 
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Small quantities of vermiculite were present throughout all sample sets: Set A contained an average of 0.50 

± 0.03%, one sample in Set B contained 0.4% vermiculite and three samples in Set C contained traces of the 

mineral (SPA5, 0.1%, SPA7, 0.4% and SPA 14, 0.6%). Calcite and aragonite were not well represented in Set 

A, however CLI-0009, contained 5.1% calcite and 6.2% aragonite. Quartz, likely to be associated with loose 

sand particles from the surrounding seabed, was abundant in Sets A (Mean (M) = 29.9 ± 6.0%) and B (M = 

27.5 ± 1.0%). Sets A and B contained halite that can be attributed to trace levels of salt water retained in 

samples during preparation.  

 

Figure 3. Mineralogical percentages of kaolinite, plagioclase and clinopyroxene in sets A and B (A. Zubrzycka). 

 

Small quantities of illite/smectite were present in the majority of Set B samples (M = 0.4 ± 0.3%) while only 

one sample in Set A, CLI-0005, contained the clay mineral (5.6%). The presence of clinopyroxene was 

unique to Set A samples CI10008 (13.8%) and CLI10009 (7.7%), which were collected in direct association 

with clay-rich deposits in the wreck (Fig. 3). Large quantities of kaolinite were present in Set A (M = 43.7 ± 

16.7%). In comparison, Set B samples were clay poor, containing only trace levels of kaolinite (M = 1.1 ± 
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near the schooner's ceiling planking contains a unique mineralogical composition compared to other 

sampled sediments within the wreck structure. 

The hypothesis that clay-rich sediments may have accumulated on the wreck over time, taking on the 

appearance of clay ballast, is also unlikely based on results from Set B. If clay rich sediments derived from 

the surrounding landscape had settled on the wreck via storm surges or tidal and current activity, it is likely 

that similar clay minerals would be present on the adjacent seabed. However, low quantities of kaolinite 

and a complete lack of clinopyroxene in Set B suggest that this is not the case (Fig. 3). 

XRD results from Set C also indicate that there is no mineralogical relationship between sediments collected 

from surrounding coastal geologies and clay-rich sediments found within the wreck. 

In regards to the stability of sediments within the wreck, comparing mineralogical data from sample Sets A 

and B indicates that bioturbation and damaging ocean currents have had minimal effect on what may be in 

situ clay sediments directly associated with the wreck. This can be observed via the presence of calcite in 

Set A where the mineral is only present in CLI-0009 (5.1%). However, biased sample preparation in the lab 

may be associated with this result, i.e. shell fragments and other material being removed from Set A and B 

samples prior to milling.  

 

Conclusion 

The wreck of the Clarence can provide researchers with valuable information on the history of shipbuilding 

and ballast use in Australia during the early to mid-19th Century. The location of the wreck also carries the 

potential to inform researchers of the detrimental effect environmental and anthropogenic activity may 

have on the survival of the Clarence and other wrecks in similar locations. The discovery of clay-rich 

sediment during the 2012 excavation gave researchers a unique opportunity to investigate both of these 

questions using identical methodologies.  

Results from XRD analysis successfully differentiated samples collected from the seabed adjacent to the 

wreck, clay-rich sediments collected within the wreck and sediment collected from the surrounding 

coastline. This suggests that clay-rich sediments are unlikely to have been transported to the wreck via 

factors such as storm surges or ocean currents carrying fine grained sediments from the adjacent coastline. 

Findings suggest that clay sediment within the Clarence shipwreck is likely to be clay ballast or another form 
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Table 1. CLI1 samples collected from Clarence wreck site, April/May 2012. 

 CLI1-0005 CLI1-0006 CLI1-0007 CLI1-0008 CLI1-0009 

Location Close to ceiling 
planking near 
foremast stump 

Near 
keelson, 
stern end 

Centre of 
wreck 

Close to ceiling 
planking near 
foremast stump 

Near ceiling 
planking, 
bow end 

Goodness of fit X2 3.16 3.80 3.31 4.09 3.55 

Minerals      

Quartz 34.9 22.5 25.2 36.6 30.4 

Plagioclase - 3.9 2.3 20.2 7.9 

K-feldspar - 3.6 3.2 4.8 5.0 

Halite 1.2 5.9 2.5 0.5 0.6 

Calcite - - - - 5.1 

Illite/smectite 5.6 - - - - 

Vermiculite - 0.2 0.7 0.6 0.8 

Aragonite - - - - 6.2 

Gypsum - - - - 2.1 

Illite/muscovite 10.4 7.0 5.5 2.4 1.9 

Kaolinite 47.9 56.9 60.6 21.1 32.3 

Clinopyroxene - - - 13.8 7.7 

Total 100 100 100 100 100 

      

Total clay 63.9 64.1 66.8 24.1 35.0 

Total clay w/out carbonates or halite 64.7 68.1 68.5 24.2 39.7 
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Table 2. CLI2 samples collected from adjacent sea-floor associated with Clarence wreck site, April/May 2012. 

 CLI2-0001 
0-2 cm 

CLI2-0001 
2-4 cm CLI-0002 CLI2-0003 

0-2 cm 
CLI2-0003 
2-4 cm CLI2-0004 CLI2-0010 

Location Stern end, 
stb side. 

Stern end, 
stb side. 

Stern end, 
stb side. 

Bow end, 
stb side. 

Bow end, 
stb side. 

Bow end, 
port side. 

Bow end, 
port side. 

Goodness of fit X2 2.76 2.55 2.52 2.43 2.47 2.29 2.38 

Minerals        

Quartz 28.5 30.6 28.4 28.7 25.4 24.8 26.1 

Plagioclase 2.5 3.0 3.8 2.7 2.3 2.7 2.2 

Halite 1.3 0.6 1.2 1.0 1.6 0.9 1.1 

Calcite 51.3 48.7 48.2 49.3 53.6 54.7 52.5 

Dolomite 1.6 1.1 1.1 1.2 1.0 1.0 1.2 

Aragonite 12.5 12.5 14.2 14.7 13.6 13.3 13.9 

Vermiculite - 0.4 - - - - - 

Illite/muscovite 1.3 1.0 1.5 0.5 1.2 1.0 1.8 

Illite/smectite - 1.0 0.5 0.3 0.4 0.3 0.3 

Kaolinite 1.0 1.1 1.1 1.6 0.9 1.3 0.9 

Total 100 100 100 100 100 100 100 

      

Total clay 2.3 3.5 3.1 2.4 2.5 2.6 3.0 

Total clay w/out 
carbonates and 
halite 

6.9 9.4 8.8 7.1 8.3 8.6 9.6 
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Table 3. SPA samples collected from local geology, March 2013.  

 SPA1 SPA2 SPA3 SPA4 SPA5 SPA6 SPA7 SPA8 SPA9 SPA1
0 

SPA1
1 

SPA1
2 

SPA1
3 

SPA1
4 

SPA1
5 

Goodness of fit 
X2

 

2.97 2.55 3.39 3.57 4.85 4.51 5.15 4.32 4.07 3.42 3.04 3.89 3.99 4.59 4.51 

Minerals                

Quartz 44.1 28.1 64.9 - 0.5 0.3 - 14.9 13.9 25.9 97.7 74.4 55.4 17.6 8.4 

K-feldspar - - 1.8 - - - - - - - - - - - - 

Goethite 10.7 52.6 - 1.6 3.4 7.4 - - - - - - 10.9 14.9 - 

Hematite - - - 14.8  3.1 - - - - 2.3 2.8 - - - 

Halite - - - 5.4 1.8 0.7 0.6 14.7 42.8 9.4 - - - - 1.9 

Calcite 14.7 4.4 6.5 - - - - 1.8 - 11.0 - - - - - 

Aragonite - - - - - - - - - 15.8 - - - - - 

Gypsum - - 1.6 - - - - 1.3 3.7 1.5 - 1.1 0.7 - - 

Smectite - 9.6 - - - - - - - - - - - - - 

Vermiculite - - - - 0.1 - 0.4 - - - - - - 0.6 - 

Illite/ 

muscovite 

27.4 3 20.8 - 0.30 - - 32.9 16.8 18.8 - - - 1.9 1.9 

Illite/ 

smectite 

- - - - - - - 17.5 10.6 7.5 - - - - - 

Kaolinite 3.1 2.3 4.4 74.3 89.3 85.6 96.3 16.9 12.2 10.1 - 21.7 33.0 65.0 87.8 

Anatase - - - 3.9 4.6 2.9 2.7 - - - - - - - - 

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
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Total Clay 30.5 14.9 25.2 74.3 89.7 85.6 96.7 67.3 39.6 36.4 0.0 21.7 33.0 67.5 89.7 

Total clay 
w/out 
carbonates and 
halite 

35.8 15.6 27 78.5 91.3 86.2 97.3 80.6 69.2 57.1 0.0 22.3 33.0 67.5 91.4 
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there was great potential for the research and development of thorough, scientifically tested in-situ 
protection methodologies, as very few studies of that nature had been undertaken (Manders 2011a: 6). 

Globally, maritime archaeologists have been actively preserving UCH in situ since the 1960s. Overseas 
examples that have been well documented and used as references for modern programmes include Lake 
Ijssel land reclamation and development project in Holland (de Jong 1975, 1979), and the San Juan, Red 
Bay, Canada (Stewart et. al. 1995; Waddell 1994). In Australia, there are a number of sites that have been 
subjected to various in-situ preservation and in-situ conservation strategies. Some early examples of in-situ 
preservation strategies were implemented on Solway (1837) in South Australia (Coroneos 1996, 2006), 
William Salthouse (1841) in Victoria (Harvey 1996, Hosty 1988, Staniforth 2006, Steyne 2010) and more 
recently, relocation of the former Hovell Pile Light (Raupp et al. 2010). These strategies were all based on 
the premise that re-establishing a stable environment (whether in-situ or in another location) through 
returning the disturbed remains to an anaerobic state (or close to) by whatever means (usually reburial 
under sediment) would assist in preserving them long-term. Unfortunately, many management plans for 
UCH post-implementation of in-situ preservation strategies have not included appropriate monitoring 
programmes to assess the ongoing effect of the applied mitigation strategy on the site and reinterred 
artefacts.  

 

Lake Ijssel Land Reclamation, Netherlands 

In 1918 the Dutch Government began building a barrier dam to separate the Zuyderzee from the North Sea. 
This was completed in 1932 after which they began to construct five polders in the resulting freshwater lake, 
Lake Ijssel. From the early 1930s to the late 1960s, the reclamation and development operations in the new 
polders revealed many archaeological finds and 350 shipwrecks were located. The rate of discovery of the 
shipwrecks far exceeded the capacity of local authorities to excavate, research recover and conserve each 
site hence, the most viable option was to preserve the sites in situ. However, during the reclamation works, 
lowering of the ground water table caused considerable subsidence of the lake bottom sediments and 
introduced oxygen into the upper levels of the reclaimed soil, which significantly increased deterioration 
rates of any wooden remains located in these areas through aerobic degradation processes.  

A number of sites were monitored for some years and the method developed to counteract these negative 
effects was based on the maintenance of a high ground water table above the level of archaeological 
remains. In the clay sediments of the Lake Ijssel polders this was achieved by removing the sub-surface 
drainage pipes near the wrecks and placing plastic sheeting around and above the remains. The plastic 
sheeting was perforated and concave in shape, which allowed rainwater to be collected. In this way a high 
water level was maintained around the wreck site and encouraged the formation of an anaerobic burial 
environment (de Jong 1975, 1979).  
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William Salthouse, Victoria, Australia 

The William Salthouse (1840) is one of the earliest and most significant historic shipwrecks in Victoria, and 
has been the subject of archaeological research since its discovery in August 1982. The site was highly intact 
when it was first discovered during a drift dive; it is likely that underwater rock blasting for a channel 
widening and deepening program that commenced in May of that year caused the site to scour out of the 
sand bar in a depth of 9 m of water. 

Soon after the discovery of the site, it became apparent that loose material was being interfered with by 
divers and also moved about by the strong currents. Test excavations in March 1983 found that the wreck 
remained intact to just below deck level; assessment of the artefacts confirmed that it had only recently 
become exposed (Hosty 1988). The weight of the sand inside the wreck was forcing the hull planking to 
collapse, resulting in the abundant, fragile contents spilling out of the wreck and onto the seabed. It was 
clear that emergency stabilisation was required to prevent the total loss of this significant historic shipwreck. 

Early attempts at stabilisation included: installation of wire mesh fences fixed to the seabed at right angles to 
the hull, to trap weed and sediments; dredging of local sand into scour holes; mass deposition of a cargo-
load of dredged spoil from a hopper barge; creation of hessian sand bag embankments to fill scour holes and 
support the collapsing hull (Steyne 2010). This strategy, involving 1 500 sand bags filled with a small amount 
of cement mixed with sand, was the most successful of the early attempts until the hessian degraded and the 
contained sand began eroding away in the current (Hosty 1988, Steyne 2010). 

With degradation of the hull and loss of portable artefacts continuing, the Maritime Archaeology Unit of the 
Victoria Archaeological Survey consulted with marine engineers and hydrographers to develop options to 
stabilise the site. It was important to employ a method to support the hull as well as trap sand, with the aim 
of reburying the site. The recommendation was to install artificial seagrass mats (known as CegrassTM) that 
had been developed to prevent and control erosion on subsea oil and gas plant in the North Sea (Harvey 
1996). The CegrassTM consists of groups of multi-length buoyant polypropylene fronds secured to the seabed 
and the ends floating up into the water column, thereby slowing the current and enabling mobile sediment 
suspended in the water column to drop down to the seabed.  

The product was expensive at approximately $101.50 per m2 and the project required 450 m2 to enable 
adequate coverage around the hull (Cebo U.K. Ltd 1989). The total cost of the mats was about $50 000 out of 
an overall budget of $108 000 (Strachan 1988). In 1990, varying length fronds of CegrassTM were attached to 
reinforcing steel mesh sheets and deployed around the site.  Within weeks sediment gain was measurable on 
the site, and after six months the fronds (the longest of which were 150 cm) were barely visible above the 
accumulated sand mound. The sand levels were regularly monitored and in 1996 the site was considered 
stable with no signs of erosion or toe scouring (Harvey 1996). The site was visited annually from 1996 to 
2006 and no noticeable changes in sediment levels were observed. The CegrassTM was mostly buried with 
only the tips of the fronds visible and heavily colonised by marine organisms. However, a visit in 2008 
indicated large areas of exposure especially at the stern and on the starboard side between mats, where the 
fronds and steel mesh frames were fully exposed along with some structural timbers on the site itself. The 
bow section and port side appeared unaffected. In 2009, recreational divers noted that the site was again 
extensively covered with very few timbers visible.  

The changes in site exposure/accretion are thought to be seasonal, however there may still be continuing 
loss of previously preserved cargo (e.g. wooden barrels) therefore, it may be necessary to investigate new 
methods of in-situ preservation to prevent further deterioration and protect the site in the long-term. This 
project highlights the importance of regular monitoring of any applied in-situ preservation technique even 
after the site is thought to be stable.  
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The project is based on four shipwrecks all of which are significant to the European community. The wrecks 
are located in the Netherlands (BZN-10, 17th C, saline Wadden Sea, 7 m depth), Germany (Darsser Cog, 13th C, 
saline and brackish entrance to Baltic Sea, 6 m), Finland (Vrouwe Maria, 18th C, brackish Baltic Sea, 36 m) and 
Sweden (Eric Nordevall, 19th C, fresh water Lake Vattern, 45 m) and represent different vessel types, ages 
and local underwater environments.   

The first three wrecks (BZN-10, Darsser Cog and Vrouwe Maria) were used for the monitoring theme to 
assess the different environments (both in-water and in-sediment) of each site that directly influence the 
state of preservation of the archaeological material. Data loggers were used on each site to measure salinity, 
pH, dissolved oxygen, temperature, turbidity, current and sediment flow at regular intervals over an 18 
month period. Sacrificial wood samples (modern pine and oak; archaeological oak) were placed on each site 
with four samples wrapped in different grades of geotextile (Terram 500, 1000, 2000 and 4000) to assess the 
effectiveness in preventing biological degradation. The samples were attached to steel frames and placed on 
the seabed above the sediment surface. Five complete frames were deployed on each site to be recovered 
after 3, 12, 24, 36 and 48 months of exposure. In order to assess the biological processes occurring beneath 
the sediment sacrificial modern samples of pine and oak housed in perforated plastic pipes were buried 50 
cm below the sediment surface adjacent to the BZN-10 and Darsser Cog sites. Due to the difficulties 
encountered inserting the samples pipes into the sediment on the Vrouwe Maria site they were placed just 
below the sediment surface. Samples were recovered after 3, 12 and 24 months of exposure. 

The sacrificial samples exposed to the aerobic environment on each site were analysed by photography, x-
ray spectroscopy, scanning electron microscopy (SEM), light microscopy, weight loss and wood density. The 
type and extent of any biological attack was also identified. The reburied sacrificial samples were analysed by 
SEM and wood density only.  

The information obtained from the data loggers and the analyses of the aerobic sacrificial samples indicated 
that the environment on the Vrouwe Maria site was the most benign with respect to overall water 
movement and marine borer activity, followed by the Darsser Cog site with the BZN-10 site being the most 
dynamic with concomitant extensive marine borer damage observed on the wood samples. The results 
obtained from the analyses of the anaerobic sacrificial samples indicated a similar degradation gradient for 
the sites except that the samples analysed from the Vrouwe Maria site were more degraded than would 
normally be expected as they were buried near the seabed surface and not to a depth of 50 cm.  

The safeguarding of shipwrecks consists of legal and physical components that should be intrinsically linked. 
The countries involved in the MoSS project all have laws and regulatory systems to protect UCH, however it 
was found that there is no uniformity in legal safeguarding within the European Union (EU). The project 
suggested that the introduction and implementation of international regulations protecting and managing 
UCH could be the way forward.  

Physical safeguarding was the main focus of this theme and the use of polypropylene debris nets were 
tested on the BZN-10 and Darsser Cog sites. This inexpensive method was successful in trapping suspended 
sediment in the water column thus forming sand mounds over these sites, where the sediment was reducing 
in nature, protecting any exposed timbers from the depredation of fungi and shipworms and minimising 
artefact displacement and potential diver intervention. However, the project realised that testing only one 
methodology was a narrow base in which to evaluate preservation in situ but it was hoped to open further 
research and discussion.  

In addition, a management plan was developed which consisted of four sections; the first an administrative 
section that could be used by the general public, heritage managers, policy makers, etc; the second part 
including the archaeological and environmental information and an assessment based on this data; a third 
section consisting of a cultural and historic evaluation and a final section including a site management plan 
with planned actions and cost-benefit analysis.  
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BACPOLES 

BACPOLES (Preserving Cultural Heritage by Preventing Bacterial Decay of Wood in Foundation Piles and 
Archaeological Sites) was a European Commission funded project (EVK4-2001-00043) involving scientists 
from Germany, Great Britain, Italy, The Netherlands and Sweden, which commenced in February 2002 and 
concluded in January 2005 (Bacpoles 2002). For many years it was thought that wood located under the 
ground water table did not suffer from extensive biological deterioration, however in the 1990s major 
bacterial degradation was observed on waterlogged Dutch wooden foundation piles with very limited 
information available on this type of deterioration. Hence, one of the main objectives of the project was to 
provide knowledge on bacterial degradation of wood located in different environments, namely wooden 
piles and archaeological wooden remains found in both fresh and marine waters and waterlogged sediments 
(Klaason 2005, Manders 2004).  

A standard procedure was developed and research was carried out on 27 sites in 6 European countries; 13 
piling sites, 5 marine sites and 9 archaeological sites, where wood, sediment and water samples were 
collected and analysed. Microbiologists developed new techniques to isolate and identify wood degrading 
bacteria from the wood samples recovered from the sites. In addition, laboratory experiments were carried 
out to simulate bacterial degradation of wood under different sedimentary conditions. 

The results from the 27 sampling sites showed that there was some form of bacterial degradation on all 
samples recovered and therefore, the consequences of this type of deterioration were widely 
underestimated in the European setting. More specifically, the new analytical techniques isolated a wide 
variety of wood degrading erosion bacteria that belonged to the Cytophaga-Flavobacterium-Bacteroides 
(CFB) complex. These bacteria occur under a wide range of environmental conditions. Based on field and 
laboratory measurements, erosion bacteria thrive under anoxic conditions with low levels of nitrogen and 
although no relationship was observed between the extent of wood degradation and the surrounding 
environment, an increase in the dynamic water flux throughout the wood seemed to promote bacterial 
deterioration of wood. Furthermore, the degree of degradation differed with wood species. Wood structures 
with low permeability and high lignin and chemical extractive contents were less susceptible to bacterial 
decay. 

Further work is necessary to identify the most common erosion bacteria and gain more knowledge on the 
individual species and their physiological requirements to assist in developing more appropriate in-situ 
preservation strategies in the future.  
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in-situ preservation strategies for a particular site if required.  Meeting these requirements could involve 
multi-year pre-disturbance assessments and continued monitoring through archaeological test-pitting, 
geomorphological and physico-chemical analyses of the local sedimentary and pelagic environment. This is 
likely to be beyond the budget and expertise of most cultural heritage management agencies, yet these are 
the first principles that should ideally be realised before the context of a site is substantially altered. 

The Protocol is listed below, and a detailed explanation of each point follows: 

1. Ascertain the extent of the site and likelihood of potential archaeological deposits; 

2. Assess the most significant physical, chemical and biological deterioration processes occurring on the 
site; 

3. Assess the pre-disturbance local burial environment and the major factors affecting the long-term 
stability of the site; 

4. Identify the major material types present on the site and the extent of their deterioration; 

5. Implement the optimal in-situ preservation strategy to mitigate continued deterioration in order to 
stabilise the site long-term (refer to guidelines to select an appropriate strategy); 

6. Implement a long-term monitoring programme to evaluate the efficacy of the in-situ preservation 
strategy; 

7. Provide alternative plans and procedures if the implemented in-situ preservation strategies are 
unsuccessful; and  

8. Provide resources for the reburial and/or conservation of any recovered artefacts. 

If these initial requirements are not met (Points 1-4) and an in-situ preservation strategy is implemented 
due to the site being at imminent risk, then the monitoring programme (Point 6) must be conducted at 
more regular intervals. This will allow for a more rapid evaluation of the applied intervention so any 
deterioration of the site can be identified and ameliorated (Point 7). In such an instance, it is recommended 
that the applied in-situ preservation strategy is simple and cost effective to reverse if points 1-4 of the 
Protocol have not been met. 

 

How to select the best in-situ preservation method (or combination of methods)  

Fields, variables and attributes that need to be assessed and considered when selecting optimal in-situ 
preservation methods, or a combination of methods are outlined below in more detail. 

1. Ascertain the extent of the site and likelihood of potential archaeological deposits. 

Archaeologists working with submerged sites are familiar with regular site inspection and pre-
disturbance survey requirements and tools that are employed to identify a site and develop a 
preliminary understanding of the remains and their environment. In addition to recording the site name 
and wrecking date (if known), and basic site information such as: primary vessel construction materials 
(wood, composite, iron, steel); previous interventions (if known or identified); site dimensions; and 
location (coordinates, depth, distance from land, seabed), to move towards an in-situ preservation 
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these need to be taken at depth and at the surface. Additional and comparative data requires samples 
taken from the site for ex-situ analysis, such as further pH details, soluble iron, sulphur species, and 
nutrient composition.  

Core samples can be gathered by experienced divers with specific equipment and training, but need to 
be handled and stored appropriately and sent to a laboratory for ex-situ analysis. The laboratory will 
undertake micro-electrode analysis to determine dissolved oxygen content, sulphide content, redox 
potential and pH, and examine the pore water for pH, soluble iron, sulphur species (sulphide, sulphate, 
total sulphur) and nutrient composition (ammonia nitrogen, nitrate nitrogen, total nitrogen). The 
laboratory will also examine the core sample sediment for particle size and distribution, porosity and 
microbiology (identification and abundance of major fungi and bacteria species). However, like all 
chemical analysis, a thorough briefing by the manager of the samples detailing the specific handling 
issues, matrix complications, expected range of data will greatly enhance the quality of and the 
usefulness of the data obtained. 

4. Identify the major material types present on the site and the extent of their 
deterioration 

After identifying the dominant material types extant as hull remains (timber, composite, iron, steel) and 
artefacts (materials, condition, distribution, exposure, mobility), a variety of measurements and 
scientific analyses are relevant to further inform the appropriate level of intervention.  

Timber or composite sites benefit from an understanding of the depth of burial, wood density and pH 
profiling. Ex-situ analysis of timber samples from these sites will examine the maximum water content, 
density and undertake microscopic analysis of the wood including species identification  

Sophisticated instrumental techniques such as Fourier transform infra-red (FT-IR), solid state carbon 13 
nuclear magnetic resonance (13C-NMR), spectroscopic analyses and Sulphur K-edge x-ray absorption 
near-edge spectroscopic (XANES) are used to identify changes in the ultrastructural wood chemistry and 
sulphur species in the wood. These require specialist expertise to obtain and interpret the data. However 
the results can provide important additional information regarding the extent and type of deterioration, 
degradation mechanisms and the on-site environment. Hence, they are considered desirable rather than 
essential in the assessment of site deterioration processes.  

Metal hull remains, or the metal components of a composite site, should be analysed for their corrosion 
potential, surface pH, and depths of the concretion and corrosion layers. These measurements can be 
obtained by appropriately trained divers, however interpretation of the data requires specialist 
expertise. Further ex-situ analyses of samples employing XRF, XRD and wet chemical techniques will 
identify the composition of the concretion and metals.  

It is also important to note that wood species and metal composition identification can serve two 
purposes; the data is useful for in-situ preservation or conservation decisions, and can also identify 
further archaeological details relating to the history and construction of a vessel. 

5. Implement the optimal in-situ preservation strategy to stabilise the site in the long-
term  

Accepted in-situ preservation methods include, but are not limited to, the techniques described below 
(refer to flowchart in Figure 2 to assist in selecting an appropriate strategy). It may be appropriate to 
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ON-SITE CONSERVATION SURVEY DATA FORM 

Date of Survey 

Time of Survey 

Aim of Survey 

Personnel 

Site (name, date and type) 

Location 

Distance from Land/Reef 

Site Classification 

Site Dimensions (length, width, area) 

Site Orientation 

Seabed Topography 

Marine Macrofauna and Flora (type and abundance) (photograph) 

Wreck Specific Types of Marine Life (photograph) 

Composition of Dominant Wreck Material (in-situ observation, cargo influence) 

Exposed Artefacts (type, material, apparent condition, degree of completeness, distribution) 

Degree of Site Exposure (area, height above seabed) 

Evidence of Seasonal Exposure 

Evidence or Potential for Storm, Cyclone Influence 

Evidence of Human Disturbance (salvage, pollution, modern contamination, water activities) 

Weather Conditions 

Sea Conditions 

Swell 

Current (rate, direction, speed) 

Tidal Information 

Freshwater/Saltwater Influence (rivers, springs, sea water) 
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Water Temperature (surface, at depth) 

Salinity/Conductivity Water (surface, at depth) 

Dissolved Oxygen Content Water (surface, at depth) 

pH Water (surface, at depth) 

Redox Potential Water (surface, at depth) 

Water Depth (minimum, maximum) 

Visibility (material type in suspension) 

General Sediment Composition (in-situ observation) 

Mobility of Sediment Surface (rippling, direction and frequency) 

Sediment Slope 

Probe Depth to Wreck Material (extent of burial) 

Depth to Stable Seabed (evident by black/anaerobic layer) 

Sediment Gradation (changes in colour) 

Sediment Photography (surface, gradation, at depth) 

Sediment Sampling (sample all significant layers) 

Sediment Analysis (particle size distribution, inorganic elements, organic content, nutrients, micro-
organisms) 

pH Sediment (measure all significant layers) 

Redox Potential Sediment (measure all significant layers) 

Timber Infestation by Marine Borers (active, depth to non activity) 

Probe Depths of Timbers (exposed, buried) 

pH Profiles of Timbers (exposed, buried) 

Timber Samples (wood identification, maximum water content, FT-IR, 13C-NMR, py-gc-ms) 

Corrosion Potential Metals (concretion/metal interface) 

Surface pH Metals (concretion/metal interface) 

Depth of Concretion and Graphitisation 

Depth of Concretion 



 

193 

 

 

Depth of Graphitisation 

Sample Concretion (optional) 

Sample Metals (optional) 
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127.00099 CL12A-0015 T Stave Stave, complete, narrower than 
other staves. Faint hoop marks 
visible. Iron hoop corrosion 
present, indicating where hoops 
were. 

Wood 1 

 

127.00099 CL12A-0015 U Stave Stave, complete. Hoop marks and 
iron hoop corrosion visible. 

Wood 1 

 

127.00099 CL12A-0015 V Stave Stave, complete. Hoop marks and 
iron hoop corrosion evidence 
visible. Conservation conducted 
pilodyn test on this timber. 

Wood 1 

 

127.00099 CL12A-0015 W Stave Stave, complete. No clear hoop 
marks visible, only very faint. 

Wood 1 

 

127.00099 CL12A-0015 X Stave Stave, about 98% complete, 
missing croze end. Very faint hoop 
marks can just be made out. 

Wood 1 

 

127.00099 CL12A-0015 Y Stave Stave, complete. Iron hoop 
corrosion visible. 

Wood 1 

 

127.00099 CL12A-0015 Z Stave Stave, complete. Iron stains at one 
end, faint hoop marks towards the 
other end. 

Wood 1 

 

127.00099 CL12A-0015 AA Stave, 
complete 

Stave. Wood 1 

 

127.00099 CL12A-0015 BB Stave, 
complete 

Stave, complete. Faint hoop marks 
visible. 

Wood 1 

 

127.00099 CL12A-0015 CC Stave Stave, complete. Wood 1 

 

127.00099 CL12A-0015 DD Stave Stave, about 40% complete, some 
hoop marks. 

Wood 1  
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127.00099 CL12A-0015 EE Stave Stave, about 10% complete. Wood 1 

 

127.00099 CL12A-0015 FF Stave Stave, about 15% complete. Some 
iron stain on the exterior face. 

Wood 1 

 

127.00103 CL12A-0019  Rope Rope, probably related to rigging.  1 

 

127.00104 CL12A-0022  Concretion Concretion from a fastening with a 
square shank. 

Concretio
n 

1 

 

127.00105 CL12A-0023  Pick Spiral pick, bent and mostly 
covered in concretion. 

Iron 1 

 

127.00106 CL12A-0024 A Timber Flat piece of timber, thought to be 
dunnage. Extensive marine worm 
damage. 

Wood 1 No image 

127.00106 CL12A-0024 B Timber Flat piece of timber, thought to be 
dunnage. One side is flat and the 
other is curved along the length. 

Wood 1 No image 

127.00106 CL12A-0024 C Timber Flat piece of timber, thought to be 
dunnage. 

Wood 1 No image 

127.00106 CL12A-0024 D Timber Flat piece of timber, thought to be 
dunnage. 

Wood 1 No image 

127.00106 CL12A-0024 E Timber Long piece of timber, thought to 
be dunnage. 

Wood 1 No image 

127.00106 CL12A-0024 F Timber Flat piece of timber, thought to be 
dunnage. Very badly damaged by 
marine worms. 

Wood 1 No image 

127.00106 CL12A-0024 G Timber Flat piece of timber, thought to be 
dunnage. Very badly damaged by 
marine worms. 

Wood 1 No image 

127.00106 CL12A-0024 H Timber Flat piece of timber, thought to be 
dunnage. Very badly damaged by 
marine worms. 

Wood 1 No image 
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127.00106 CL12A-0024 I Timber Timber fragments, thought to be 
dunnage. Very badly damaged by 
marine worms. 

Wood 2 No image 

127.00106 CL12A-0024 J Timber Timber, thought to be dunnage. 
Very badly damaged by marine 
worms. 

Wood 1 No image 

127.00106 CL12A-0024 K Timber Flat, long piece of timber, thought 
to be dunnage. Appears in better 
condition but could still be 
internally damaged by marine 
worms. 

Wood 1 No image 

127.00106 CL12A-0024 L Timber Flat piece of timber, thought to be 
dunnage. 

Wood 1 No image 

127.00106 CL12A-0024 M Timber Flat, long piece of timber, thought 
to be dunnage. Appears in better 
condition than other pieces. 

Wood 1 No image 

127.00106 CL12A-0024 N Timber Flat, long piece of timber, thought 
to be dunnage. 

Wood 1 No image 

127.00106 CL12A-0024 O Timber Flat, piece of timber, thought to be 
dunnage. 

Wood 1 No image 

 

  













 

  



 

2 

 

 

 

www.ahspp.org.au 


