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ABSTRACT	

The Naracoorte Caves National Park hosts many well-preserved cave fossil deposits 
that span the last 500 ka. The sedimentary sequences and fossil bone assemblages 
across over 50 sites provide insights into past climatic conditions as well as faunal 
responses to Pleistocene climate change, covering significant events such as the Last 
Glacial Maximum and the extinction of Australian megafauna. However, faunal 
assemblages can be easily biased by variations in accumulation mode or bone 
preservation. In this study, I conducted a palaeontological and taphonomic analysis on 
fossil bone material from an unfinished excavation in Chamber 1 of Blanche Cave, 
focussing on bone surface coatings to infer the post-burial conditions of the site. SEM 
results identified three different coatings: black coatings were manganese, white 
coatings were gypsum, and crystalline coatings were phosphate. Oxidation of ions by 
chemolithotrophic microorganisms is hypothesized to be the main mechanism for the 
formation of the three coatings. Bat guano also plays an important role in altering the 
soil environment, such as providing sulphur and phosphorus and lowering soil pH. This 
potentially allows for gypsum and phosphate to be used for tracing past bat activity. The 
study site also agrees with other synchronous sites at the NCNP (Third Chamber, 
Blanche Cave and Wet Cave) in terms of its sediment sequence and faunal assemblages 
with small variability, likely due to variations in entrance size and distance from the 
accumulation point. Further investigation of authigenic minerals and surface coatings is 
needed as there is potential for them to be used as environmental proxies. More 
geochronologic work is needed to more accurately place the site material in context. 
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INTRODUCTION		

 

The Naracoorte Caves National Park (NCNP) is an important site for Late Quaternary 

palaeontology. The region has over 50 cave sites with infill deposits that span the last 

500 ka (Reed & Bourne, 2009). The well preserved megafaunal assemblage in some of 

the Late Pleistocene sites have been dated near the estimated 39-51 ka Australian 

megafaunal extinction window proposed by Roberts et al. (2001). This makes them 

important in advancing the Australian megafaunal extinction debate. Previous work at 

Naracoorte included palaeontological, geochronological, and taphonomic studies. These 

are key in understanding how fauna adapted to climate (Macken et al., 2012; Prideaux et 

al., 2007) and biodiversity changed over time. Critical to understanding how 

representative the Naracoorte deposits are to the original palaeocommunities is 

assessment of the site’s taphonomic history and any preservational bisases present in 

cave deposits (Fraser & Wells, 2006; Reed, 2006).  

 

One potential source of bias is destruction or modification of bone during diagenesis 

following burial in cave sediments. Bone surface coatings, while present in many 

deposits, have been described but not examined further in previous studies (Laslett, 

2006; Reed, 2006). Some of these coatings may also lead to damage to bone and poor 

preservation. Dark coatings on bone have been attributed to Manganese or Iron based 

stains that form after burial. These coatings have been used as evidence of water 

pooling, as partial inundation of bone is suggested to be a requirement for the coating 

process. While studies on dark coatings found in other fossil sites have proven useful in 

determining the taphonomic history of a site (Foecke, 2016; Marín Arroyo et al., 2008; 
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Shahack-Gross et al., 1997), different oxides can produce similar looking coatings and 

proper identification of these stains is needed. There have also been white coatings 

found on some of the bones at Naracoorte that could be phosphate nodules. Nodules can 

form due to leaching of bat guano, where the dark soluble nitrate component is removed 

(Hill, 1982). Forbes & Bestland (2006) have identified the white nodules found in some 

of the deposits at Naracoorte as biogenic phosphate.  

 

The overarching aim of this thesis is to conduct a chronostratigraphic, geochemical, and 

faunal analysis of Blanche Cave Chamber 1. This will be achieved via a series of 

specific objectives, as follows: 

1. Determine the chronostratigraphic context of the fossil bone material to correlate 

this site with similar deposits in the NCNP. 

2. Use statistical analyses to identify variability in relative abundance of different 

animal groups through time. 

3. Geochemically identify and analyse different bone surface coatings found on the 

fossil material to infer the post-depositional histories of elements in the 

assemblage. 

 

Fossil material from an unfinished excavation by S. Brown in 2001 (Reed, Pers. comm.) 

will be used. Novel methods and proxies for taphonomic research will be explored to 

examine their viability for corroborating and complementing current data for Blanche 

Cave and related sites. With all of this taken into consideration, my main hypotheses 

are: 
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1. The composition and changes in faunal succession in this study are similar to 

other Late Pleistocene NCNP sites. 

2. Black coatings found on bones are manganese stains formed due to partial 

inundation of bone in water. 

3. White powdery coatings are authigenic gypsum that has formed on the bone 

surface. 

4. Crystalline coatings are new phosphate minerals growing from degraded bone 

that has been recrystallized. 

BACKGROUND	

Study	Site		

The Naracoorte Caves are a group of Pleistocene limestone caves located in the south 

eastern region of South Australia. Cave formation was estimated to have occurred in the 

Miocene Gambier Limestone between 0.8-1.1 Ma (White & Webb, 2015). The same 

study suggested that the flank margin cave features found in the caves indicates 

formation near the coastline, where multiple source waters with variable salinity interact 

to dissolve the porous limestone. Sea level regression then drained the caves completely 

at 780-880 ka, after which the caves opened to the surface and began to collect sediment 

and bone. The region has over 50 sites that range from Middle to Late Pleistocene in 

age, with the oldest dated at 528 ± 41 ka, and have well preserved faunal deposits (Reed 

& Bourne, 2009). 
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Figure 1: (a) Location of the Naracoorte Caves in the Southeastern region of South Australia. (b) 
Area map of Blanche Cave. The third chamber site is closest to the 5U6 roof window while the first 
chamber site is accessed via a small tunnel southeast of 5U4. 

 
Some of the caves, such as Blanche and Wet cave, within the World Heritage listed 

Naracoorte Caves National Park, contain Late Pleistocene-Holocene deposits that 

capture the proposed 39-51 ka extinction window by Roberts et al. (2001). Blanche 

Cave, the study site for this project, has around 200 m of passage with three chambers 

with large open roof windows [Figure 1]. Parts of the cave are used for over-wintering 

by the Southern Bentwing Bat (Miniopterus orianae basanii). Previous palaeontological 

studies in Blanche cave have centred on the third chamber site, investigating its faunal, 

geochronological, and sedimentological characteristics (Laslett, 2006; Macken & Reed, 

2013; Macken et al., 2013b). The study site for this project is located near the main 

chamber of Blanche Cave, and is in a small (~25 sq.m) chamber accessed by a short 

tunnel close to the 5U4 entrance. Another point of interest for this site is its proximity to 

the location where the only specimen of the large extinct bird Genyornis newtoni has 

been found (Reed and Bourne, 2000). 
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A preliminary study at the site was conducted by Flinders University MSc student Steve 

Brown in 2001 (Brown, 2006). Much of the excavated material was not processed as the 

project was abandoned. It has been stored at the Naracoorte Caves NP lab since 2001 

and retrieved for this study. 61 bags of bulk material were also collected and labelled 

with the grid square and depth. Charcoal samples were collected by S. Brown from the 

north face of the pit, with only two of them yielding dates. The samples were carbon 

dated with standard acid prep and measured with an accelerated mass spectrometer.  

Megafaunal	extinction	

Since this site is hypothesized to be contemporaneous with the third chamber dig and 

contains megafaunal remains, it can help advance our understanding of the extinction of 

Australian megafauna. The timing and causes of extinction in Australia have been 

debated, with a divide between climate-driven (Field et al., 2008) and anthropogenic 

(Gillespie et al., 2008; Saltré et al., 2016) mechanisms. While the deposits at Naracoorte 

have finely resolved stratigraphy and a well preserved, continuous fossil record, no 

evidence for human activity has been found for this time period. This allows 

examination of the effects of changing climate on the faunal assemblages. Site studies at 

Naracoorte have also produced different results, with some suggesting that mammal 

persistence into the Holocene shows adaptation to climate (Prideaux et al., 2007). 

Macken & Reed (2013), on the other hand, attributed range shifts in small mammals in 

three different cave deposits to climate change. However, Macken et al. (2012) stress 

that mammalian response to climate change varies between species and climate. 

 

Taphonomy  
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Taphonomic analysis of various deposits also provided insight on the processes that 

governed the accumulation of bones and sediment (Fraser & Wells, 2006; Laslett, 2006; 

Reed, 2006). This is important for identifying biases and what is missing from a fossil 

assemblage. For example, solution pipe entrances are small, almost vertical holes at the 

roof of the cave. The main mode of accumulation would then be animals falling into the 

hole, limiting the maximum size to whatever can fit in the hole, as well as not 

discriminating between age groups. Examples of this type of deposit would be Grant 

Hall (Fraser & Wells, 2006) and the Ossuaries (Reed, 2006). Reed (2006) also 

hypothesized a possible bias of these entrances towards mode of locomotion due to the 

higher abundance of saltatorial animals, as well as noting that there was a greater 

proportion of articulated specimens further away from the sediment cone near the 

entrance. This suggested that the animals must have survived the fall and explored the 

cave, trampling the bones near the entrance, and then settling near the cave walls.   

Analysis of the third Chamber deposit in Blanche Cave revealed large animal remains 

with trample marks and a dense collection of smaller mammals with acid etched bone 

surfaces, which was interpreted as a combination of pitfall and owls as the main 

accumulation modes (Laslett, 2006). Owls can hunt and consume small mammals and 

prefer to roost in open caves, regurgitating prey bones as pellets on the cave floor. This 

creates a bias towards high numbers of prey with slightly damaged bones due to the 

stomach acid of the owl. Understanding these systematic biases provides a better picture 

of the faunal assemblage of each deposit. 

Bone	Surface	Coatings	

Bone surface coatings have been relatively unstudied at Naracoorte but there have been 

studies in other archaeological sites (Foecke, 2016; López-González et al., 2006; 
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Shahack-Gross et al., 2004). Most of these studies have focused on stained black bones, 

which have been originally attributed to burning (Shahack-Gross et al., 1997). However, 

more recent studies have found that black staining does not immediately indicate 

burning, and other mechanisms can stain a bone black (Fernández-Jalvo et al., 2019). 

The main hypothesis for the current study is that manganese stains form due to 

accumulation of mobile manganese ions which then enter bone and oxidize (Marín 

Arroyo et al., 2008). This type of coating is present in multiple cave deposits 

(Carmichael & Brauer, 2015; Kotula et al., 2018), providing evidence for pooling of 

water as it would require partial inundation of bone. Bacterial action has also been 

linked to these stains as a catalyst for the mobilization of manganese via oxidation 

during biological processes (Papier et al., 2011; Strathopolou et al., 2019). 



Andrew Chua 
Blanche Cave Palaeontology and Geochemistry 

 

11 
 

 

Figure 2: Different surface coatings found on bone fragments used for SEM analysis. (a) Sample 
Mn_3 is a fragment of cortical bone with black stains hypothesized to be manganese coats. (b) S_1 
is a long bone fragment of a small mammal with white powdery coatings o on the interior surface. 
(c) C_1 is a fragment of spongy bone with very extensive crystalline coating. 
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The white powdery material [Figure 2] has not been studied or recorded on bone at 

Naracoorte, but Laslett (2006) note the presence of similar white nodules in the 

sediment of one unit of Blanche Cave, which was geochemically identified in the 

chamber 1 site as guano-derived phosphate (Forbes & Bestland, 2006). Another white 

mineral that has appeared in older Naracoorte units is gypsum (Darrénougué et al., 

2009) but it has only been mentioned in passing as weak evidence for a cool 

palaeoclimate. Sulphur required to form gypsum can come from inorganic (Yonge & 

Krouse, 1987) or organic (Dumitras et al., 2008; Snow et al., 2014) sources.  

 

The crystalline coating appears to have a more destructive effect on bone, making some 

elements unidentifiable. Shahack-Gross et al. (2004) studied the effects of bat guano on 

bone preservation and show that decomposing guano creates changes in pH which 

degrade bone material and promote growth of different authigenic mineral assemblages. 

Water entering the cave would incorporate carbonates from the limestone and buffer the 

pH, preserving the bone. Degrading guano can produce multiple assemblages of 

minerals, including gypsum and apatite, depending on the environmental conditions 

(Audra et al., 2019).  

 

Understanding how these coatings form is important in understanding depositional 

conditions and soil environments that must have occurred to help reconstruct a sequence 

of events from burial to excavation (Hollund et al., 2018; Shahack-Gross et al., 2004). 

However, it is difficult to use coatings as a proxy for large-scale palaeoclimate changes 

as the microenvironments that promotes their mineralization can be very localized on 

scales of centimetres or meters (Karkanas et al. 2000). 
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METHODS		

Sedimentology	and	Geochronology		

Field work for this study included taking pictures, drawing a plan view of the chamber, 

transects, a stratigraphic section, and collecting sediment samples. A Leica Disto laser 

rangefinder was used to measure the plan view and both transverse sections of the cave. 

The floor was not measured since the pit has been dug and measuring the original 

sediment surface would be impossible. The latitudinal transect selected was roughly 

perpendicular to the longitudinal section and best displayed the ceiling features. 

Stratigraphic sections were drawn for the north and east faces of the pit, as these two 

walls best represent the sedimentary sequence.  

 

A total of 16 samples (in 70 ml vials) were collected from six sedimentary units for 

geochemical analysis and comparison (Appendix A). One sample was taken from 

overburden for visual comparison. Eight samples (one from each unit) were sent to 

Bureau Veritas for XRF bulk geochemistry. Three partially filled vials of large white 

nodules and one vial of scraped white material were collected from Unit 1 for 

qualitative XRD. XRD procedures and specifications can be found in Appendix B. 

Faunal	Succession	 

For the current study, bulk material from grid square 4 was then wet sieved to remove 

sediment from the bone surfaces and then sorted. This process is outlined in Appendix 

C. The box and sorted bulk material were then catalogued, noting the presence of bone 

coatings and other taphonomic features. Faunal identification was completed using 

comparative material and relevant literature, including material from the South 
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Australian Museum (SAM) palaeontology collection. A series of palaeontological 

statistical analyses were used to determine the composition and change of faunal 

assemblages in the site.  

 

Number of Identified Specimens (NISP) was used to estimate the frequency of 

identifiable fossils for the fauna from the site. Specimens were counted based on cranial 

elements only for each depth or stratigraphic unit. Since each identifiable element is 

considered as one individual, NISP tends to overestimate populations, especially in 

heavily fractured assemblages. Relative Abundance (RA%) is used to reduce the 

overestimation of NISP by calculating the proportions of a group relative to the total 

number of individuals in that depth or stratigraphic unit. This reduces taphonomic and 

sampling biases when analysing relationships between groups. For this study, the 

Minimum Number of Individuals (MNI) was calculated for cranial specimens by 

counting the number of left and right maxillae and dentaries of a group and selecting the 

most abundant element. MNI can lead to underrepresentation of populations since 

individuals can have only one element preserved. In some cases, whole groups are 

missing since they are not represented in the assemblage by their maxillae or dentaries. 

Surface	Coatings		

SEM-EDS	
	

Five fossil bone fragments (Appendix D) were selected for SEM-EDS analysis to 

determine the elemental composition of the coatings. The fragments were selected based 

on the size and quality of their surface coatings. Three samples were analysed for the 

black coating, one for the powdery white coating, and one for the crystalline coating. 
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Samples were first heated in an oven at 40C to remove any remaining moisture in the 

bone. These were then sent to Adelaide Microscopy (AM) for coating and analysis with 

using a FEI Quanta 450 with standard settings (HV = 10.0 kv, beam diameter = 2.5). 

The samples were platinum coated by AM staff to produce clearer SEM images. While 

only producing qualitative data, the SEM-EDS detects relative abundances of elements 

on the surface of the bone, which is enough for identifying the main components of the 

coatings. 

NISP	AND	RA	

 
NISP and RA% was also conducted on the bone surface coatings to see variations in the 

extent of different coatings with depth. Each specimen number that had a coating was 

counted as one individual. A specimen can have multiple types of coatings and would 

then be considered as one individual for each of those types. The abundance and extent 

of the coating did not affect the count. 

THIN	SECTION	
	

Three samples of bone were sent to Adelaide Petrography to have thin sections cut to 

determine the extent of destruction found in bones with white crystalline coatings. The 

samples were chosen to represent different stages in the bone coating process for the 

crystalline material, one without coatings (as ‘control’), one with coatings on the surface 

and one that was so coated the bone structure was compromised. Samples were encased 

in epoxy resin before being cut. Images were taken using an Olympus BX51 

microscope using transmitted light. 



Andrew Chua 
Blanche Cave Palaeontology and Geochemistry 

 

16 
 

OBSERVATIONS	AND	RESULTS	

Sedimentology	and	Geochronology	

 
Figure 3: Rough diagrams of the (a) plan view, (b) longitudinal section and (c) latitudinal section of 
the chamber. The pit itself was roughly 1.8m by 1.8m with a small ‘step’ dug for easy access. A 
small tunnel to the southwest was dug by cavers. 
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A total of six stratigraphic units were identified based on visual analyses of the north 

and east faces of the pit [Figure 3]. Sections were measured from the highest point of 

the overburden (disturbed sediment) until the pit floor. Since the surface height of the 

overburden varies, the depth of each unit will be based on the left half of the north face. 

Only the first three units are found in both faces. Fossil material has been recovered 

from Units 1-4 and the overburden. Except for the cut and fill structure on the north 

face, all units are relatively undisturbed and lie almost horizontally. 
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Figure 4: Stratigraphic section of the (a) north and (b) east walls of the pit. Samples were recovered 
from the walls at the marked locations. White zones indicate regions of sediment with incorporated 
white material. Carbon dates from the 2001 study were recalibr recalibrated with OxCal 4.3 using 
a SHCal 13 calibration curve. 
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Table 1: Bulk major element geochemistry of the different sediment samples collected. The naming 
scheme for the samples is (entrance):(unit):(sample number). Loss on ignition (LOI) is the 
percentage of mass lost after the sample has been heated and is used interpreted as the amount of 
organic matter. 

 
 

Unit 1 (-115cm to -160cm) is a very dark red-brown clayey sand layer that contains 

regions with white powdery material and larger (cm scale) white nodules. The unit is 

densely packed and is sticky to the touch, suggesting a high clay content. There is a ~70 

cm wide bowl-shaped structure on the north face which marks a boundary between 

regions with and without white powdery material [Figure 4]. While this same material is 

seen on the pit surface of the uppermost units (5, 6, overburden), it is only well 

incorporated in Unit 1. The regions of sediment with white material appear to be patchy 

and are not uniform throughout the unit. Bulk geochemistry of these regions have 

higher SO3 (9.59%) than average (>1%). The unit also contains elevated P2O5 (3.1-

3.6%) compared to all other units (>1%) [Table 1]. 

 



Andrew Chua 
Blanche Cave Palaeontology and Geochemistry 

 

20 
 

Unit 2 (-90cm to -115cm) consists of lighter red-brown clay sands that contain very thin 

(up to 20mm) lenses of light brown quartz sand. The laminations are very clear on the 

east face, but are more discontinuous on the north face, which is more disrupted [Figure 

4]. The boundary at the base of this unit is gradational, with the key differences being 

texture and colour. The base of this layer has some megafaunal material. A roughly 10 

cm thick subunit (Unit 2b) is present in the east face and continues on the north wall but 

pinches off halfway through the wall. This subunit is the same brown coloured clay but 

without the interbedded light brown quartz sands. There are small patches of 

incorporated white material in this unit as well (noted by the dotted lines) [Figure 4].  

 

Unit 3 (-70cm to -90cm) is a brown coloured, undifferentiated clayey fine sand to silt 

layer that pinches out on the eastern side of the east face as it is covered by overburden 

[Figure 4]. The main characteristic of this unit is its extremely soft and sticky texture, 

which is used to determine the boundary between this unit and Unit 2b. The upper 

boundary of this unit is defined by the change to a lighter colour in the sediment. Parts 

of this layer are also cut through by the channel structure, and a portion of this unit just 

below the cut has incorporated white material within it.  

 

Like Unit 2a, Unit 4 (-40cm to -70cm) also has interbedded centimetre-scale layers of 

light brown sand and brown clay silt. However, Unit 4 does not have a reddish colour, 

contains more quartz sand in more consistent laminated layers, and bits of charcoal. 

This layer has been carbon dated in the original study and recalibrated here to 15,524 - 

16,277 cal yr BP.  
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Unit 5 (-30cm to -40cm) is a soft, dark brown clayey fine sand layer with a texture like 

unit 3. There is a ~5 cm thick dark lens at the base of the layer that thins to the east, 

presumed to have formed from possum scat. It also contains one thin (~1 cm) layer of 

light brown coarser sand material. The unit is cut off by the cut and fill structure 

associated with the channel. The upper boundary of this unit also looks to have been cut 

on the western edge of the north wall by unit 6 and is more irregular than all of the 

others. Charcoal was sampled at this boundary in the original study, with a recalibrated 

age of 12,074 - 12,685 cal yr BP, which is just at the start of the Holocene. 

 

Unit 6 (-18cm to -30cm) is a loosely packed, dull, light grey clay sand layer that 

contains fragments of white material. While similar in colour to the powdery nodules in 

Unit 1, the material is more comparable to carbonate. Like Unit 5, this unit is only seen 

in the left half of the north face, cut off by the channel disruption. The upper boundary 

is distinct as the colour of the overburden is reddish-brown. 

Faunal	Succession	

	
Since the depths recorded by S. Brown did not indicate the point in the cave where he 

measured from, I attempted to correlate the 10 cm intervals with the units found in the 

pit. The most logical possibility is that the depths were with respect to the level of the 

sediment floor without counting overburden. This was based on colour matching 

between bones and sediment, as well as the fact that megafauna only appeared in the 

Third Chamber pit at the dark reddish clay Unit 1 (Laslett, 2006). Based on this, Unit 1 

would correspond to 60-100cm, Unit 2a is 40-60cm, Unit 2b is 30-40cm, Unit 3 is 20-

30cm, with Unit 4 being 0-20cm. Since the original sediment surface was different for 
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different grid squares, there may have been some Holocene material (Unit 5-6) classed 

as 0-10cm or overburden. 

 

Figure 5: RA% and NISP of higher groups (marsupial, placental, non-mammal) (a, c) with and (b, 
d) without counting tooth elements. (e) RA% of these groups (counting teeth) based on sedimentary 
unit instead of depth. 

Between the major groups of animals (marsupial, placental, reptile), placentals 

dominate the assemblage (67.91%) especially in the upper units with a large peak of 

641 counts at 20-30cm [Figure 5]. This is followed by marsupials (23.21%) with 

reptiles (7.07%) being the least common. Avian bones were found during sorting of 

bulk material but were not included since they were even less common than reptiles. 
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This pattern is still present when loose teeth were not included in the count [Figure 5]. 

Similarly, the relative abundances of the different groups do not change regardless if 

loose teeth were in the NISP [Figure 5]. The RA shows a shift from a marsupial to 

placental dominated fauna at 30-40cm. RA of non-mammals appear to be almost linear, 

staying at around 10% of the assemblage at all depths. 

Table 2: Complete faunal list of all identified species in this study. ‘X’ marks presence in unit 
regardless of element. For this study, megafaunal species are considered as species that went extinct 
during the Pleistocene. 

Species O/B Unit 4 
 

Unit 
3 

Unit 
2b  

Unit 
2a  

Unit 1 

AMPHIBIA       

ANURA   x   x 

REPTILIA       

SQUAMATA       

Agamidae   x   x 

Scincidae  x x x  x 

Varanidae      x 

Elapidae   x  x x 

MAMMALIA       

MARSUPIALIA       

Dasyuromorphia       

Dasyuridae x x x x x x 

Antechinus sp. indet.      x 
Dasyurus maculatus    x   
Dasyurus viverinnus      x 
Dasyurus sp. indet.   x  x x 
Sarcophilus harrisii x   x   
Sarcophilus sp. cf. S. laniarius+      x 
Sminthopsis sp. indet.      x 

Peramelemorphia       
Peramelidae x  x x  x 

Perameles gunnii   x    
Perameles notina   x    

Diprotodontia       
Vombatidae       

Vombatus ursinus x x x x x x 
Thylacoleonidae       

Thylacoleo carnifex+     x x 
Phalangeridae       

Trichosurus vulpecula     x  
Hypsiprymnodontidae       
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Species O/B Unit 4 
 

Unit 
3 

Unit 
2b  

Unit 
2a  

Unit 1 

Propleopus oscillans+     x  
Potoroidae       

Bettongia sp. indet. x x x    
Macropodidae       
Sthenurinae+ x    x x 

‘Procoptodon’ browneorum+     x x 
‘Procoptodon’ sp. cf. P. gilli+      x 

Macropodinae       
Macropus fuliginosus# x   x x x 
Macropus sp. indet. x x x    
Notomacropus greyi+    x   
Notomacropus rufogriseus x    x  
Protemnodon sp. cf. P. roechus+ x   x x x 

Burramyidae       
Cercartetus concinnus  x     
Cercartetus lepidus  x     
Cercartetus sp. indet.  x x    

PLACENTALIA       
Chiroptera       

Vespertilionidae       
Miniopterus orianae bassani   x   x 

Rodentia       
Muridae       

Mastacomys fuscus  x x    
Notomys mitchellii x x x    
Pseudomys apodemoides* x x x x  x 
Pseudomys auritus x x x x x x 
Pseudomys australis^ x x x   x 
Pseudomys fumeus      x 
Pseudomys gouldii^ x x x x  x 
Pseudomys shortridgei x x x x  x 
Rattus tunneyi x      

Megafaunal Species 2   2 4 5 
Total Number of Species 17 15 21 13 13 26 

+Indicates species extinct during the Pleistocene. #Specimens were identified as M. fuliginosus as it is 
difficult to distinguish between M. fuliginosus and M. giganteus from cranial remains. Furthermore, a 
study by Easton (2006) showed that only one species of kangaroo was present at Victoria Fossil Cave, 
bearing more similarities to M. fuliginosus than M. giganteus. *Some specimens were not able to be 
identified between P. apodemoides and P. novaehollandiae due to fragmentary remains. ^Some 
specimens were not able to be identified between P. australis and P. gouldii due to fragmentary remains. 
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Figure 6: Relative abundances of different marsupial groups through time. Dasyuridae, 
Macropodinae, Thylacoleonidae and Sthenurinae had members that went extinct during the 
Pleistocene. 
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Figure 7: RA% of different Muridae species from Blanche Cave Chamber 1 calculated using their 
MNI showing different trends of faunal succession. (a, b) Trend 1, increase in abundance from Unit 
3 to Unit 4. (c) Trend 2, relatively little change from Unit 3 to Unit 4. (d, e, f) Trend 3, decrease in 
abundance from Unit 3 to Unit 4. 

 
The different megafaunal groups present in the site do not appear anywhere past Unit 2a 

[Table 2]. The Macropodinae, of which Protemnodon is a part of, show a significant 

decrease from 2a to 2b [Figure 6]. The other two groups that appear through the entire 

sequence (Dasyuridae & Vombatidae), do not show a significant change in their 

abundance across this boundary. The Muridae groups show 3 different patterns of 

succession from Unit 3 onward. Trend 1 is an increase in abundance from Unit 3 to Unit 
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4 [Figure 7]. Trend 2 shows relatively no change from Unit 3 to 4. The most common 

trend, shared across three different species, is a decrease from Unit 3 to 4. 

Table 3: Occurrence of various mammals for (a) Late Pleistocene (<50 ka) sites at NCNP (Both 
Blanche Cave chambers (B1 & B3), Wet Cave (WC) and Robertson Cave(RC)), (b) Middle-Late 
Pleistocene sites at NCNP (Cathedral Cave (CC) and Grant Hall, Victoria Fossil Cave (GH)) (Reed 
and Bourne, 2009; Macken & Reed, 2013) and (c) mid-late Pleistocene sites from the Manning 
Karst Region, New South Wales (MKR) (Price et al., 2019) . ‘X’ marks occurrence at that site. 

Family Species B1 B3 WC RC CC GH MKR 
Tachyglossidae Tachyglossus aculeatus    X X X X 
Thylacinidae Thylacinus cynocephalus  X   X X  
Dasyuridae Antechinus agilis  X X X X   
 Antechinus flavipes  X X X X X X 
 Antechinus minimus     X   
 Antechinus swainsonii     X   
 Antechinus sp. indet. X       
 Dasyurus maculatus X X  X X   
 Dasyurus viverrinus X X X X X X  
 Dasyurus sp. indet. X  X X    
 Ningaui yvonneae  X X X X   
 Phascogale calura   X X X   
 Phascogale tapoatafa  X X X X X  
 Sarcophilus harrisii X      X 
 Sarcophilus laniarius X  X  X  X 
 Sminthopsis crassicaudata  X X X X X  
 Sminthopsis murina  X X X X X  
 Sminthopsis sp. indet. X X X X    
Peramelidae Isoodon obesulus  X X X X  X 
 Perameles bougainville  X X X X X  
 Perameles gunnii X X X X X X  
 Perameles notina X       
Phascolarctidae Phascolarctos cinereus      X  
 Phascolarctos stirtoni     X  X 
Diprotodontidae Zygomaturus trilobus     X X  
Palorchestidae Palorchestes azael     X   
Vombatidae Vombatidae gen. et. sp. indet.     X   
 Lasiorhinus krefftii     X   
 Vombatus ursinus X  X  X X  
Thylacoleonidae Thylacoleo carnifex X   X X X X 
Phalangeridae Trichosurus vulpecula X X X X X  X 
Hypsiprymnodontidae Propleopus oscillans X       
Potoroidae Bettongia gaimardi   X X X  X 
 Bettongia lesueur  X X X    
 Bettongia penicillata  X   X   
 Bettongia sp. indet. X   X    
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Family Species B1 B3 WC RC CC GH MKR 
 Potorous platyops  X X X X X  
 Potorous tridactylus  X X X X X  
Macropodidae Lagorchestes leporides  X X X X   
 Macropus fuliginosus X  X X    
 Macropus giganteus  X   X  X 
 Macropus titan       X 
 Macropus sp. indet. X   X    
 Metasthenurus newtonae     X   
 Notomacropus greyi X    X   
 Notomacropus rufogriseus X X   X X X 
 Onychogalea lunata     X   
 Petrogale penicillata       X 
 ‘Procoptodon’ browneorum X X   X X  
 ‘Procoptodon’ gilli X X  X X X  
 ‘Procoptodon’ goliah     X   
 Protemnodon brehus  X X  X X  
 Protemnodon roechus X       
 Protemnodon sp. indet.   X     
 Simosthenurus maddocki     X X  
 Simosthenurus occidentalis     X X  
 Simosthenurus pales     X   
 Sthenurus andersoni  X   X X  
 Sthenurinae sp. indet.   X     
 Wallabia bicolor    X X X X 
Acrobatidae Acrobates pygmaeus  X X X X   
Burramyidae Cercartetus concinnus X       
 Cercartetus lepidus X X X X X   
 Cercartetus nanus  X X X X X  
 Cercarterus sp. indet. X       
Pseudocheiridae Pseudocheirus peregrinus  X X X X X  
Petauridae Petaurus breviceps  X X X X X  
 Petaurus norfolcensis  X X X    
Vespertilionidae Miniopterus orianae bassani X   X  X  
 Vespertilionidae Gen et sp. 

indet. 
 X      

Muridae Conilurus albipes  X X X X  X 
 Hydromys chrysogaster  X X  X X  
 Mastacomys fuscus X X X X X X  
 Notomys mitchelli X X X X X X  
 Pseudomys apodemoides X X X X X X  
 Pseudomys auritus X X X X X X  
 Pseudomys australis X X X X X X  
 Pseudomys fumeus X X X X X X  
 Pseudomys gracilicaudatus       X 
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Family Species B1 B3 WC RC CC GH MKR 
 Pseudomys gouldii X X X X X   
 Pseudomys novaehollandiae   X X    
 Pseudomys oralis       X 
 Pseudomys shortridgei X X X X X X  
 Pseudomys sp. indet. X X  X    
 Rattus fuscipes  X X  X X  
 Rattus lutreolus  X X X X X  
 Rattus tunneyi X X X X X X  
 Rattus sp. indet.   X X   X 

 

The study site shares 54% of its mammal species with the Third Chamber dig, and 74% 

with three other Late-Pleistocene to Holocene sites and NCNP [Table 3]. 80% of 

mammal species at the site were found in other caves at the NCNP while only 14% of 

its species are present in similarly aged sites (mid-late Pleistocene) in the Manning 

Karst Region, New South Wales. Propleopus oscillans, Protemnodon roechus, and 

Cercartetus concinnus are present in Chamber 1 but not in any of the other sites. 
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Surface	Coatings	

 
Figure 8: (a) Close up SEM image of the black coating on sample Mn_3. The portion to the right of 
the ridge is visually coated in black. (b, c, d) EDS elemental maps for S, Mn and P. (e, f) Elemental 
spectra for points annotated in the SEM image. 
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Figure 9: (a) Close up SEM image of the white coating on sample S_1. (b, c, d) EDS elemental maps 
for P, S and Ca. (e, f) Elemental spectra for points annotated in the SEM image. 
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Figure 10: (a) Percentage of bones coated with any material based on unit in Blanche Cave 
Chamber 1. (b) Relative abundances of different coatings based on unit. 
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The coatings have varying levels of visibility under the SEM microscope. Black 

coatings are unseen, as the entire right half of the view is stained in black for Mn_3 

[Figure 8]. On the other hand, white powdery coatings are very clear under the SEM 

[Figure 9]. While there is a difference in texture between the crystalline and bone 

material in C_1 [Figure 10], the interconnected nature of the mineral in the spongy bone 

makes it difficult to differentiate without the elemental map.  

 

The EDS results produced elemental maps for the selected areas as well as spectra from 

specific points. The maps show counts of the specific element in the selected area and 

the spectra give relative concentrations of each element at that point. Manganese is 

present in bones that had a black coating but was not detected in any of the other bones 

[Figure 8]. The bones with the black coating also have manganese scattered on visually 

clean bone. The point scan spectra show a relatively higher concentration of manganese 

on the coated surface (~15 wt%, second most abundant) compared to the clean bone 

(undetected) [Figure 8]. Both phosphorus and sulphur are more restricted to their 

respective coatings, sulphur with the white powdery coating [Figure 9] and phosphorus 

with the crystalline coating [Figure 10]. The point scan for the white coating shows that 

it contains sulphur (>5 wt%, 6th most abundant) while clean bone has none [Figure 9]. 

The crystalline coating contains 10 wt% phosphorus (4th most abundant), but bone has 

no phosphorus detected [Figure 10]. These elements are also present in bones without 

those coatings, but in all cases, the zones they occupy do not overlap.  
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Figure 11: (a) Percentage of bones coated with any material based on unit in Blanche Cave 
Chamber 1. (b) Relative abundances of different coatings based on unit. 

 
The relative proportion of bones that are coated per unit increases with depth from 68% 

at Unit 4 to 85% at Unit 1 [Figure 11]. Manganese coats are the most common, 

averaging at 72% and appear throughout the entire sequence [Figure 11]. White coats 

are second most abundant with an average of 30.5% and begin to appear at Unit 3, 

peaking at Unit 2a coating almost 60% of all bones. The crystals are the least common 

and restricted to the lowest units, with less than 5% at Unit 2a.  
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Figure 12: Thin section images of varying crystalline coating intensities on bone. (a) Is a sample 
that had no visible coatings, (b) is a sample that has some surface coatings, and (c) is a sample that 
is extensively coated. 
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Thin sections reveal three materials associated with the bone matrix. Bone material has 

a golden-brown colour with textural features present, however these features begin to 

disappear in more coated elements as the cracks are more common [Figure 12]. Present 

in all 3 bones is an opaque black material that can extend from below the bone surface 

to the centre of the bone. In slightly coated and very coated bones, a grainy mineral can 

be seen in bone canals and on remnants of bone [Figure 12]. In the very coated element, 

a colourless white mineral dominates the assemblage. In some places, the mineral 

appears to be replacing bone. While not as extensive, this same mineral is present in 

some canals of the slightly altered sample. 

DISCUSSION		

Sedimentology	and	geochronology	

	
This site contains a ‘classic’ late Pleistocene sequence of dark reddish silts containing 

megafaunal material overlain by brown silty sand characteristic of LGM age deposits, 

topped by Holocene greyish sands (Forbes & Bestland, 2007). This general sequence of 

units is also present at the chamber 3 site (Darrénougué et al., 2009; Laslett, 2006) and 

other caves in the region (Macken et al., 2013a). What separates this site from that of 

the third chamber is the well-preserved laminations in Unit 2, as the corresponding unit 

in the chamber 3 pit does not have these sedimentary features. 

 

The entire sequence has mostly horizontal boundaries between units with the exception 

of Units 5 and 6 [Figure 4], suggesting that it is relatively far from the sediment cone. 

Planar beds of coarser sand in Units 2a and 4 indicate a higher energy mode of 

deposition, with each sand bed marking a flow event. The well sorted undifferentiated 
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Units 2b and 3 could also represent mass dumping events that lead to high 

sedimentation rates. It is likely that these events involved some form of water flow to 

move this amount of sediment. There is a general increase in grain size through time, as 

younger units tend to be sandier compared to older units, suggesting a relative increase 

in energy of deposition for these units. The large channel disruption, along with its 

associated cut and fill structures, is also evidence for water action in the site.  

 

The white material in Unit 1 is likely to be authigenic gypsum that formed due to 

changes in the surface soil environment. XRD analysis of this material confirms it to be 

predominantly gypsum with sub-dominant quartz (Appendix E). Authigenesis is a 

surface process, creating a pattern that traces past sediment floors and does not disrupt 

unit boundaries, as seen in the site [Figure 4]. In a cave environment, pooling of water 

collects sulphide ions which can precipitate gypsum (Yonge & Krouse, 1987). 

However, bat activity is the more likely cause as the chamber morphology and 

environment is preferred for wintering caves. The chamber has domed features on its 

ceiling [Figure 3], which is preferred by bats as they help retain heat released by 

endothermic activity (Baudinette et al., 1994). Bats have also been residing in other 

parts of the cave, as the cave is recorded to have an average temperature of 9-15C, 

which is in range of optimal wintering cave temperatures (Sanderson & Bourne, 2002). 

The bulk geochemistry for the white region of Unit 1 matches previous findings by 

Forbes and Bestland (2006) of having lower SiO2, higher SO3, CaO, P2O5 and LOI as 

a guano derived sediment [Table 1]. 
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The gypsum nodules also have interesting structures within Unit 1 and in Units 2 and 3. 

In Unit 1, the gypsum is only found in certain zones, showing that the effect of bat 

guano on forming these minerals is localised. The bowl-shaped feature in unit 1 of the 

north face of the pit could easily be a cut and fill structure, but the unit is undisturbed, 

and the feature is more likely due to different geochemical conditions in the sediment. 

Since bats do not create uniform, spread-out guano deposits, guano must have not been 

dropped in that spot after a certain point. However, in this ‘empty’ zone are much larger 

(~2cm) nodules of the same material. This could suggest that the conditions for that 

portion of the unit favoured the formation of fewer, larger gypsum nodules, compared to 

many, small ones. Another interpretation of this feature could be a small pool of water 

that increased moisture in the surrounding sediment and dissolved gypsum in that 

region. Other unique features on the north wall are zones of gypsum incorporated 

sediment in Units 2 and 3. These zones extend only from large gypsum concentrations 

(in Unit 1 and in the channel structure) and can represent a gradient in the sediment due 

to leaching of elements from its sources (Yonge & Krouse, 1987) or zones of varying 

dryness. 

Faunal	Succession	

Based on the relationships between higher animal groups [Figure 5], the shift from a 

marsupial to a placental dominated assemblage suggests a change in cave structure to a 

more open cave. This is different from chamber 3 where rodents are the most abundant 

group throughout the sequence (Laslett, 2006). The increased density of smaller animals 

along with acid etching of bone elements are characteristics of owl accumulation 

(Andrews, 1990). While owl assemblages are not uncommon at Naracoorte (Fraser & 
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Wells, 2006; Macken et al., 2012; Macken & Reed, 2013), the patterns seen could 

simply be an effect of having a small sample size.  

 

Majority of the bat specimens occur in Unit 1, which is still reasonable as wintering 

cave assemblages do not contain as much bat material compared to maternity caves 

(Reed, pers. comm.). This supports the theory that bat activity has moved from the first 

to the third chamber. While the cave must have been getting more and more closed as 

sediment comes in, the shift to owl assemblages suggests a change towards a more open 

cave environment. This seems contradictory, but it is more likely that the change 

reflects the main chamber 1 conditions rather than specifically for this site. The 

relatively high energy deposition, water action, and estimated distance from the 

sediment cone supports the idea that material from the larger main chamber would have 

been washed into this small side chamber. What could have then happened was the 

movement of bats to a different part of the cave as this small chamber filled up, while 

opening of the main chamber changed the type of assemblage that would have washed 

in. This means that the site can be used to infer structural changes in the main chamber. 

 

Like the Third Chamber site, megafaunal genera has been restricted to the lowest units 

[Figure 6]. While most of the megafaunal groups are concentrated in Unit 1, some 

isolated bones were located at the base of Unit 2. These isolated elements can represent 

disarticulation before entering the chamber and transport lag from the main chamber 1 

to its current position. The variations in different murid groups towards the last glacial 

maximum (Unit 4) show the effects of climate on small mammals. Range expansion and 

contraction of different species due to climate change is likely since some of these 
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species are extinct (P. gouldii) or no longer live in the area (M. fuscus). The two species 

that show an increase towards Unit 4 (trend 1) have current habitats in grass and 

shrubland with dense vegetation, while those that have trend 3 (decrease towards Unit 

4) prefer more open habitats. This suggests an increase in low vegetation and ground 

cover during the LGM. 

 

The whole faunal assemblage of the site is also similar to the Third Chamber 

assemblage, having the same major groups of animals (Laslett, 2006). However, there 

are some groups present in this chamber that are absent in chamber three and vice versa 

[Table 3]. This site contains devil and wombat material, as well as one element from the 

extinct kangaroo P. oscillans. Because the unique species have counterparts with similar 

lifestyles and body sizes between the two sites, it can be hypothesized that the cave 

entrances and accumulation modes would be the same for both assemblages.  

 

One caveat to these interpretations is that the depths of the fossil material relative to the 

different sedimentary units is estimated. Since the original data available from the 2001 

excavation did not accurately record this information, an accurate, quantitative faunal 

succession analysis could not be done. However, the estimation should provide a good 

image of the actual succession since the units between this site and the Third chamber 

site are near identical and the chronology for that site may be used as a proxy. Another 

issue is that nothing labelled at 40-50cm depth was found, which can contain a 

significant portion of material. Since it is impossible for no bones to have been 

deposited at this interval, its absence in the data can skew results and interpretations. 
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Taphonomy	of	surface	coatings	

BLACK	COATING	

 
The black coatings are most likely to be due to manganese staining and not from 

burning. The bone surface stained in black has shown to be relatively abundant in 

manganese [Figure 8]. Furthermore, there is a lack of cracking, flaking and calcination 

that is caused by burning (Fernández-Jalvo et al., 2018). Some of the stains have a 

shiny, sometimes slightly blue hue to it, which are characteristic of a manganese coat. 

While inorganic oxidation of manganese is possible, it is kinetically inhibited even with 

high concentrations of Mn (Carmichael & Brauer, 2015).  

 

The coating mechanism for manganese is different from the other two coatings since the 

element is not restricted to just the observed stain [Figure 8]. The manganese penetrates 

the bone surface with some reaching the centre of the bone [Figure 12], similar to those 

studied by Hollund et al. (2018). This is likely due to the manganese being absorbed by 

the bone while inundated, which is later oxidized by bacteria to form the coats. The 

dendritic features of some coatings support the involvement of bacteria in this process 

(Papier et al., 2011). Multiple studies have suggested the oxidation of different ions as a 

potential source of energy for microorganisms in the absence of light in a process called 

chemolithotrophy (Carmichael and Brauer, 2015; Kotula et al., 2019; Papier et al., 

2011). Dissolved manganese in cave waters could come from the carbonate bedrock 

itself (López-González et al., 2006), as the ion easily substitutes for Ca2+ in the mineral 

structure. Mn requires an acidic, reducing environment to reside in solution, which is 

created by decomposing organic matter. The bacteria that oxidize the ions work 



Andrew Chua 
Blanche Cave Palaeontology and Geochemistry 

 

42 
 

optimally at a higher pH but are stimulated by carbon influx (Carmichael and Brauer, 

2015) and H2SO4 (Kotula et al., 2019), which are both supplied by decaying guano. 

 

While inundation of the bone surface was theorised for manganese to concentrate and 

be absorbed into the bone, this does not seem to be a requirement as black coatings are 

present throughout the sequence regardless of evidence for pooling of water in the cave. 

Since oxidation of Mn indicates an aerated, sometimes dry, environment (Hollund et al., 

2019), as long as there is a pathway for Mn ions to enter the bone, subsequent oxidation 

and staining can occur. Therefore, the presence of manganese coatings does not 

necessarily indicate pooling of water, but instead informs us of the amount of moisture 

in its microenvironments. However, the fact that some bones in the same unit have zero 

or undetectable manganese levels on its surface suggests that these conditions can be 

very localised within the soil environment, making it an unreliable proxy for larger 

scale reconstructions. 

WHITE	POWDERY	COATING	

 
The white powdery coating looks very similar to the nodules found in the older units of 

the sequence and has relatively high amounts of sulphur [Figure 9], suggesting this is 

the same gypsum that is coating the bone. The material does not seem to incorporate 

itself and get absorbed into the bone [Figure 13], and the sulphur is restricted mainly to 

the coatings based on the elemental maps. This means that the bone surface is only used 

as a substrate for it to grow on. Like manganese, oxidation by bacteria has also been 

suggested as an important step in the formation process (Dumitras et al., 2008; Shahack-

Gross et al., 2004). Leaching guano produces substantial concentrations of sulphur ions, 
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which are oxidized to sulphuric acid (Shahack-Gross et al., 2004). Ca is then sourced 

from the host rock or cave waters that interact with the sulphuric acid (Audra et al., 

2019). Since gypsum is a easily dissolvable hydrated mineral, it indicates an initial wet 

acidic environment that dries up to preserve the coating. 

 

Gypsum coatings start to appear at Unit 3 and peak at Unit 2a [Figure 11]; however, 

these units do not have extensive incorporation of the nodules in the sediment as in Unit 

1. Suggesting that there must be something about the bone that promotes mineralisation 

since it is coating the bone, but not forming on its own in the surrounding sediment. 

This might be since bacteria would rather concentrate near organic matter as it provides 

them with resources. Another possible reason could be that the bone has a different pH 

compared to the sediment around it, making it a better substrate for growth. The 

presence of gypsum in Unit 1 could then indicate an even higher amount of sulphur in 

the sediment for it to form on bone and as isolated nodules.  

 

However, due to the lack of information from original field notes, all of the coated 

bones could have come from zones of gypsum in units 2 and 3, which would mean that 

gypsum coating is restricted to microenvironments where it is stable.  

CRYSTALLINE	COATING	

 
The third mineral appears to be compromising the bone rather than simply coating the 

surface. Under the SEM, the material contains high amounts of phosphorus with little to 

no sulphur while the unaffected areas around it shows the opposite trend [Figure 10]. 

This indicates that it is unlikely to be gypsum and is some type of phosphate mineral 
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that forms on/in the bone. The degradation of bone material due to bat guano has been 

recorded in archaeological studies to show that assemblages can be biased by this 

phenomenon (Shahack-Gross et al., 2004). The same study has shown that bat guano, 

along with microorganisms that decompose it, alter soil chemistry by decreasing the pH. 

The altered bone, if in close contact with the remaining phosphate, could then 

recrystallize as a different mineral. This explains why an extensively coated element 

[Figure 12] has very few bone structures left with most of it being coating.  

 

The main source of phosphate is presumed to be from bat guano after the mobile nitrate 

component of guano leaches out (Shahack-Gross et al., 2004). While this can be the 

case for fossil guano deposits (Dumitras et al., 2008), since the crystals are not found on 

their own in the sediment it is likely that the phosphate source is bone hydroxyapatite. 

By degrading the bone, the liberated phosphate can be oxidized to form the coatings. 

This can explain why coatings under thin section appear where bone should be and 

forming within cracks in the bone as the bacteria are using the substrate as a source 

[Figure 12].  

 

Like guano-derived minerals, the coating requires bones to be on the surface for an 

extended amount of time for guano and/or urine to be able to land on and dissolve them. 

The bones could not have been washed into the site by water immediately since the 

water would be slightly alkaline due to incorporation of carbonates from the cave and 

neutralize the pH. This sequence of events is possible since apatite, which is the most 

common guano derived phosphate, crystallizes at slightly acidic to neutral pH while 

more acidic (5.7-6.1 pH) environments promotes formation of taranakite instead (Audra 
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et al., 2019; Dumitras et al., 2008; Wurster et al., 2015). However, once the bone 

structure has been compromised, flow events can later affect what type of mineral 

begins to form. The other effect of requiring direct contact would mean that the extent 

of this coating would be the most restricted of all three coatings studied. This type of 

preservation is seen in Bat Cave, where very damaged material is next to well preserved 

bone, with the destroyed element being subject to constant drip water (Reed, pers. 

comm.). This supports the other lines of evidence that suggest bats using this section of 

the cave moved after Unit 2 was deposited. 

Implications	

The Chamber 1 excavation provides a strong case for comparing multiple sites in 

palaeontological studies. The sedimentary sequence found here matches those found in 

other synchronous deposits, with some minor variations in specific units. With a more 

resolved geochronology, palaeoclimate proxies from the site can be used to strengthen 

past climate reconstructions and identify factors that affect sediment accumulation 

between sites. For example, the unit that correlates to Unit 2a in Chamber 3 does not 

have laminations even if the cave entrances are close (~100 m) to each other. Factors 

such as having a smaller entrance size and increased distance from the accumulation 

point could lead to more punctuated, smaller flow events, as opposed to a mass dump. 

The presence of the rare P. oscillans in this site shows how having a small sample size 

can lose parts of a faunal assemblage, further highlighting the value of having multiple 

replicates. 

 

While the exact ages of the coatings are unable to be calculated, this thesis provides 

some useful insights in the timing of their formation. Most degradation of bone (e.g. 
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acidic conditions from leaching guano and/or urine, cracking from alternating wet and 

dry conditions) would occur on the surface as it is more difficult to destroy bone once it 

has been buried. Manganese ions can enter the bone structure if partial inundation 

occurs at this stage. Phosphate and gypsum coatings form while the bone is still on the 

surface, similar to a fossil guano deposit. Guano-derived coatings form on relatively fast 

timescales (decades) and begin almost immediately (Shahack-Gross et al., 2004). 

Throughout the deposition and burial of fossil bone, chemolithotrophic bacteria are 

oxidizing ions as part of the coating process. 

CONCLUSIONS		

The overarching aim of this thesis was to conduct a chronostratigraphic, geochemical, 

and faunal analysis of a site in Blanche Cave Chamber 1. The results obtained have 

shown that the deposit shares the same characteristics with Chamber 3 and other Late 

Pleistocene sites at NCNP, having the three general sediment types with structures and 

accessory minerals that form due to site-specific depositional events and conditions. 

From a faunal perspective, the first chamber assemblage is similar to other Late 

Pleistocene to Holocene NCNP sites, sharing 80 percent of its species with other 

assemblages and having megafaunal material restricted to the dark red sandy clay layer. 

Its value as a replicate is in its addition of Sarcophilus and Vombatidae data to Blanche 

Cave and, more importantly, another P. oscillans element to the Naracoorte dataset. 

 

Three fossil bone surface coatings present in this site and others in the NCNP have been 

identified. Mechanisms for the formation of these coatings have been proposed which 

allows us to infer the burial conditions of these bones. Manganese oxide stains require 

wet anoxic conditions for ions in solution to enter inundated bone, followed by slightly 
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acidic (5.5 to 6 pH) aerated environments for bacterial oxidation to occur. Gypsum 

coatings form in similar conditions as authigenic gypsum, suggesting an initial wet 

acidic environment followed by dry conditions to prevent the mineral from dissolving. 

Phosphates, such as hydroxyapatite, can replace bone material after the structure has 

been compromised by guano and form from biologic oxidation of phosphates, 

crystallizing at a slightly higher pH (6-7). In all three cases, guano and 

chemolithotrophic microorganisms play a key role in the early diagenetic processes that 

can occur on fossil bone and sediment substrate. 

 

The site is very promising as there is still at least a meter of sediment left to excavate. 

Furthermore, better records of exact positions of coated elements can reveal the actual 

ranges of the burial microenvironments. As bone acts as an open system which closes 

once mineralization is complete, REE concentrations can fingerprint specific elements 

to units (Trueman et al., 2008). This can be used to better place the material to their 

proper depth. Other studies on bone REEs have used them as palaeoclimate proxies (Li 

et al. 2018), suggesting the possibility of REEs as a proxy for cave environments. Using 

authigenic minerals found in cave sequences to form mineral stability fields could also 

disentangle different cave processes and factors which control the burial environment. 

 

More geochronologic work must be done on the site, as there are only two dates for the 

entire sequence. Bone samples for radiocarbon were collected during this study, but 

dates were not able to be obtained in time. Optically Stimulated Luminescence is also 

needed for the lower units as it is past the effective age range of radiocarbon dating.  
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Better characterization of the different coatings is needed. Guano derived deposits can 

form a suite of different minerals, each with their own stable conditions (Audra et al., 

2019; Snow et al., 2014). Quantitatively identifying coatings recovered from bones 

using XRD will give a more accurate picture of burial conditions. Similar to a 

‘disarticulation sequence’ for bone elements (Reed, 2001), a rank order of disintegration 

could be used to determine which elements tend to get chemically destroyed first to use 

phosphate coatings to determine what is missing from an assemblage.  
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APPENDIX	A:	TABLE	OF	SEDIMENT	SAMPLES	

Sediment samples were collected during fieldwork for this study.  
 

Cave Unit Sam
ple # 

# of 
vials 

Grid Wall Depth 
(cm) 

Notes 

5U4 1 1 2 1 E 100 1 for comparative 1 for geochem 
(XRF) 

5U4 1 2 2 2 E 970 1 for comparative 1 for geochem 
(XRF), has white stuff 

5U4 2a 3 2 1 E 710 1 for comparative 1 for geochem 
(XRF) 

5U4 2b 4 2 1 E 670 1 for comparative 1 for geochem 
(XRF) 

5U4 3 5 2 4 N 750 1 for comparative 1 for geochem 
(XRF) 

5U4 4 6 2 4 N 500 1 for comparative 1 for geochem 
(XRF) 

5U4 5 7 2 4 N 350 1 for comparative 1 for geochem 
(XRF) 

5U4 6 8 2 4 N 245 1 for comparative 1 for geochem 
(XRF), came from same hole 

5U4 O/B 9 1 4 N 120 1 for comparative 
5U4 1 10 3 4 N 1130 scraped larger nodules for XRD 
5U4 1 11 2 4 N ~1200

-1600 
scraped powdery white surface for 
XRD 
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APPENDIX	B:	XRD	PROCEDURES	AND	SPECIFICATIONS	

 
The samples were pulverised in a mortar and pestle and then lightly pressed into a back-
packed sample holder. The XRD trace was collected under the following instrument 
conditions: 
 

XRD generator PANalytical X’Pert Pro PW3040 diffractometer, 40 
kW, 40 mA 

Filter Iron 
Radiation  CoKa (l = 1.789Å) 
Angular range 5° to 80° 2θ 
Angular speed 0.04426° 2θ/second 
Time per step 50.165 
Step size 0.0167° 
Divergence Slit ¼o 
Anti-scatter Slit ½o 
Spinning  4 seconds per revolution 
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APPENDIX	C:	SORTING	PROCEDURES	

 
All screening and sorting was conducted while wearing latex gloves to decrease carbon 
contamination. Leaves were removed prior to wet screening and kept in bags while 
sediment was collected in vials. Some small bone fragments were also in the vials as 
they were difficult to separate from the sediment. Material was wet screened by slight 
agitation in a sieve partially submerged in a bucket of water, making sure that the top of 
the sieve is never submerged in the water. Screened material was left to air dry in trays, 
as using paper towels could contaminate samples with carbon. Material was then sorted 
for cranial material (for identification and faunal succession analysis), speleothem 
fragments (for U-Pb dating), iron and phosphate nodules (for chemical analysis), and 
bone fragments with surface coatings. Samples for carbon dating were loosely wrapped 
in aluminium foil to prevent further contamination. 
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APPENDIX	D:	TABLE	OF	SAMPLES	USED	IN	DESTRUCTIVE	SAMPLING	

  

Sample Source/Sample # Depth Grid Square Analysis 
Mn_1 Bulk bag 54 70-80cm (Unit 1) 1 SEM-EDX 
Mn_2 Bulk bag 54 70-80cm (Unit 1) 1 SEM-EDX 
Mn_3 Bulk bag 54 70-80cm (Unit 1) 1 SEM-EDX 
S_1 Bulk bag 54 70-80cm (Unit 1) 1 SEM-EDX 
C_1 BCA 330 70-80cm (Unit 1) 4 SEM-EDX 
 BCA 053 Overburden Not specified Thin sectioned 
55-G4 Bulk bag 55 70-80cm (Unit 1) 4 Thin sectioned 
 BCA 077 Overburden Not specified Thin sectioned 
 Bulk bags 41, 39, 

38 
0-20cm (Units 4 
& 3) 

4 14C dating 

 Bulk bag 50 30-40cm (Unit 
2b) 

4 14C dating 

 Bulk bags 56, 57, 
58 

70-80cm (Unit 1) 4 14C dating 

 
 	



Andrew Chua 
Blanche Cave Palaeontology and Geochemistry 

 

55 
 

APPENDIX	E:	QUALITATIVE	XRD	RESULTS	

 
Mineral Composition 5U4:1:

10a 
5U4:1:
10b 

5U4:1:
10c 

5U4:1:
11 

Gypsum CaSO4(H2O)2 D D D SD 
Quartz SiO2 SD A SD D 
Amphibole group* A0-1B2Y5Z8O22(OH, 

F, Cl)2 
Tr Tr Tr Tr 

Unassigned peak* Unknown Tr     Tr 
 
Amphibole group: Where A=Ca, Na, K, Pb; B=Ca, Fe2+, Li, Mg, Mn2+, Na; Y=Al, 
Cr3+, Fe2+, Fe3+, Mg, Mn2+, Ti, Z=Al, Be, Si. Magnesiohornblende was used in these 
QXRD refinements.  
Due to the lack of other identifying peaks, a number of unidentified peaks/phases were 
observed. Further work is required to determine the mineral giving rise to this peak.  
 
Tr = Trace. i.e. the mineral that gives rise to this peak is assumed to be present in trace 
amounts. 
A = Accessory. Components judged to be present between the levels of roughly 5 and 
20%.  
SD = Sub-dominant. The next most abundant component(s) providing its percentage 
level is judged above about 20%.  
D = Dominant. Used for the component apparently most abundant, regardless of its 
probable percentage level. 


