
1 
 

 

 

Late Pleistocene climatic 

oscillations inferred by soil 

stratigraphic analysis of southern 

Tasmanian Quaternary sediments 

 

Bernard J.R. Walker 

October 2016 

 

 

 

Submitted in partial fulfilment of the requirements for the degree of Bachelor of 
Agricultural Science with honours, University of Tasmania, Hobart 

 

 
  



2 
 

Acknowledgements 

 

Richard Doyle: Primary Supervisor 

Peter McIntosh: Secondary Supervisor 

The University of Tasmania: Funding Support 

The Forest Practices Authority: Funding Support 

The Australian Institute of Nuclear Sciences and Engineering: Funding and 

Technical Support. 

 

  



3 
 

 

I hereby declare that this thesis contains no material which has been accepted for the award 

of any other degree or diploma and, to the best of my knowledge, contains no copy or 

paraphrase or material published or written by any other person, except where due 

reference is made in the text of this thesis. 

 
Bernard J.R. Walker 
University of Tasmania, Hobart 
21st October 2016 
 
  



4 
 

Table of Contents 

Literature Review .................................................................................................................................... 7 

The Pleistocene Epoch .................................................................................................................... 7 

Pleistocene Sediments .................................................................................................................... 7 

Effects on the Biosphere ................................................................................................................. 8 

Late Pleistocene Conditions of Tasmania and the Upper Styx and Tyenna Valleys ........................... 9 

Tasmania ......................................................................................................................................... 9 

Upper Styx and Tyenna Valleys ..................................................................................................... 10 

Geology of the Styx and Tyenna Valleys ........................................................................................... 10 

Application of Stratigraphy to Climate Science ................................................................................ 10 

Climatic and Soil Formation Processes ............................................................................................. 11 

Temperature ................................................................................................................................. 11 

Water Availability .......................................................................................................................... 12 

Aeolian Processes ......................................................................................................................... 12 

Colluvial Processes ........................................................................................................................ 13 

Colluvial Action under Pleistocene Conditions ............................................................................. 13 

Conclusion ......................................................................................................................................... 14 

Introduction .......................................................................................................................................... 15 

Materials and Methods ......................................................................................................................... 17 

Profile Characterisation .................................................................................................................... 17 

Styx Valley Bore Hole Cores .............................................................................................................. 17 

Particle Size Analysis (PSA) ................................................................................................................ 17 

Preliminary Steps .......................................................................................................................... 17 

Analysis of Fine Fraction ............................................................................................................... 17 

Analysis of Coarse Fraction ........................................................................................................... 18 

Data Limitations ............................................................................................................................ 18 

X-Ray Fluorescence (XRF) .................................................................................................................. 18 

XRF Data Analysis .......................................................................................................................... 18 

Elemental Analysis ............................................................................................................................ 19 

Results ................................................................................................................................................... 20 

Local Geology .................................................................................................................................... 20 

Geomorphology of the Styx and Tyenna Valleys .............................................................................. 22 

Section Descriptions.......................................................................................................................... 25 



5 
 

Mayne’s Junction .......................................................................................................................... 25 

Styx Road ....................................................................................................................................... 27 

Potential Sediment Provenance sites ........................................................................................... 30 

Elemental Analysis ............................................................................................................................ 33 

Radiocarbon and Thermo-luminescence Dates ................................................................................ 34 

Particle Size Analysis ......................................................................................................................... 35 

Mayne’s Junction .......................................................................................................................... 35 

Styx Road ....................................................................................................................................... 38 

X-Ray Fluorescence (XRF) analysis of total oxides ............................................................................ 41 

Discussion.............................................................................................................................................. 45 

Mayne’s Junction .............................................................................................................................. 45 

Provenance of Pale Siliceous Layers ............................................................................................. 45 

Provenance of the Brownish-Yellow Clay Layers .......................................................................... 46 

Styx Road ........................................................................................................................................... 47 

Styx Road Fine Pale Layer Provenance ......................................................................................... 47 

Conclusions ........................................................................................................................................... 49 

Future Study ...................................................................................................................................... 49 

Limitations ........................................................................................................................................ 50 

Bibliography .......................................................................................................................................... 50 

Table of Figures 

Figure 1: Changes in Pleistocene temperature and ice volume determined from Antarctic ice cores 

from two sites (Davies, 2016). .............................................................................................................. 16 

Table 1: Example of sampling times for pipette analysis ...................................................................... 18 

Table 2: Fraction Designation for Particle Size Analysis Results Table ................................................. 18 

Figure 2: Geological map of the Styx and Tyenna Valley Area ............................................................. 20 

Geomorphology map key. ..................................................................................................................... 20 

Figure 3. Exposed Permian Siltstone Spontaneously Fretting into Angular, Platy fragments. ............. 21 

Figure 4: Mineral Resources Tasmania (MRT) - Styx Core 3 contains stratigraphy similar to the 

Mayne’s Junction profile with yellow colluvial clays and white silty layers. ........................................ 23 

Figure 5: Mineral Resources Tasmania (MRT) - Styx Core 2 containing fan alluvium from Mayne’s Hill 

and alluvial sediments from the Styx River. .......................................................................................... 24 

Table 3: Mayne’s Junction’s Layers ....................................................................................................... 25 

Table 4: Key to textures codes .............................................................................................................. 25 

This list of field textures contains only those textures applied in this study and is not comprehensive.

 .............................................................................................................................................................. 25 

Figure 6: Mayne’s Junction Sampled Section. ...................................................................................... 25 



6 
 

Figure 7: Paleosol from 70 – 100 cm in Mayne’s Junction section. Strongly structured, of medium clay 

texture with organic matter coatings on aggregates. Matrix supported rounded gravels are visible in 

the yellow clay layer below. .................................................................................................................. 26 

Figure 8: Styx Road Soil Layers. Boundaries are lined in red and the calibrated Radiocarbon date for 

the white layer is shown. The white layer from 160 - 200 cm was dated at 35 ± 0.508 Ka BP. ........... 28 

Table 5. Colours and Textures of Styx Road Horizons .......................................................................... 29 

Figure 9: Silica Quarry Site (SiQ) Potential siliceous sand source area. ................................................ 30 

Figure 10: Kallista Creek Site (KcO) Lightly vegetated outcrop of Cambrian Quartzite and potential 

siliceous sand source area. ................................................................................................................... 31 

Figure 11: Deep Fine Gravels Site. Four meter deep finely stratified gravel deposit filling a fossil V-

shaped gully in fretting Permian siltstone bedrock. ............................................................................. 32 

Figure 12: Percentage by mass of total carbon and nitrogen of Mayne’s Junction soil layers ............ 33 

Figure 13: Percentage by mass of carbon and nitrogen of Styx Road soil layers ................................. 33 

Figure 14. Dated siliceous layers in Mayne’s Junction section. ............................................................ 34 

Table 6: Mayne Junction and Minor Sites Particle Size Summary (values as mass %) ......................... 35 

Figure 15: Mayne’s Junction silty layers cumulative particle size distributions ................................... 36 

Figure 16: MJ 240-260 >2mm gravel fraction. ...................................................................................... 36 

Figure 17: MJ 125-160 >2mm gravel fraction. Rounded gravels suggest alluvial transport................. 37 

Table 7: Styx Road Particle Size Summary ............................................................................................ 38 

Figure 18: Styx Rd 0 – 65 cm cumulative particle size distributions. .................................................... 39 

Figure 19: Styx Road 160 – 220 cm cumulative particle size distributions ........................................... 40 

Table 8: Concentrations (%mass) of major elements in Mayne’s Junction profile. ............................. 41 

Figure 20: %mass of Silica of different horizon groups at Mayne’s Junction and Styx Road. .............. 42 

Figure 21: Major elemental composition of Mayne’s Junction horizon groups. The horizon groups 

and samples sizes are as follows: “Pale” = 30 – 70 cm and 160 – 260 cm (4 samples), “Permian” = MJ 

100 – 160 cm, and 310 – 400 cm (3 samples), “Topsoil” = 0 – 30 cm (2 samples), and “Paleosol” = 70 

– 100 cm (1 sample). Letters indicate statistically significant differences between groups. The 

paleosol has a sample size of 1 and was therefore not included in statistical analysis, and question 

marks indicate that differences are not validated by statistics. ........................................................... 42 

Table 9: Concentrations (%mass) of major elements in Styx Road profile. .......................................... 43 

Figure 22: Major elemental composition of Styx Road horizon groups. Major elemental composition 

of Styx Road horizon groups. The horizon groups and samples sizes are as follows: “Gravelly” = 0 – 

105 cm (7 samples), “Alluvial” = 105 – 160 cm, “Pale” = 160 – 200 cm (1 sample), “Pale + Fe Pans” = 

200 – 220 cm (1 sample), and 220 – 250 cm (7 samples), and “Debris Flow” = 250 – 300 cm (1 

sample). Letters indicate statistically significant differences between groups, and questions marks 

indicate were significant differences are unknown as layers with sample sizes of 1, “Pale”, “Pale + Fe 

Pans”, and “Debris Flow”, were not included in statistical analyses. ................................................... 44 

 

  



7 
 

Literature Review 
The Pleistocene Epoch 

 The effects of the oscillating Pleistocene climate were ubiquitous across the world and often 

dramatic. During glacial periods sea levels dropped considerably, periglacial conditions occurred in 

elevated and high latitude areas, and the climate was generally colder and drier in most regions 

world-wide. During interglacial periods the climate was similar to that of the Holocene; 

temperatures were warm, sea levels were close to current levels, and most of the ice retreated to 

the poles and high elevations. These changes resulted in substantially different conditions between 

glacial and interglacial periods in sea level, advance and retreat of glacial and periglacial conditions, 

and significant changes to ocean currents and weather patterns (Murray-Wallace and Woodroffe, 

2014, Quilty et al., 2013). In a similar manner to modern climate change, the speed of these climatic 

shifts amplified their destabilising effect on the weather and subsequently the biosphere. All around 

the world, ecosystems were forced to respond to the shifting climate as species were pushed in and 

out of habitats, resulting in drastic changes in the types of vegetation present. Because of this, 

pollen and flora preserved in sediments have now become important indicators for study of past 

climates during the Quaternary (Colhoun, 1999, Druzhinina et al., 2015, Hill and Jordan, 1996). As a 

whole, the Pleistocene climatic oscillations had wide ranging influences on almost all aspects of the 

biosphere, and have left their mark on the rocks, soils, fossils and sediments exposed or produced in 

the epoch. 

Pleistocene Sediments 

 Glacial periods resulted in extended cold conditions, glaciation, and ice capping around the 

world (Druzhinina et al., 2015, Raeside, 1964, Zhang et al., 2016). Glaciers and the periglacial 

conditions which accompany them are potent agents of erosion and extensive erosion commonly 

occurred throughout glaciated regions during the Pleistocene ice ages, eroding large amounts of 

material and producing extensive alluvial outwash and secondary aeolian deposits (Calver, 2014, 

Summerfield, 1991). 

 Fine particles produced by glacial action were commonly blown out of braided glacial 

streams forming deposits of loess. This process occurred worldwide (Li et al., 2015), and the loess 

layers that cover much of New Zealand’s South Island are an excellent example. They clearly 

originated from glacial deposits as the ages of the New Zealand loess layers coincide with 

Pleistocene glacial periods (Milne, 1973), and their mineralogy confirms the material originated from 

pulverising of rocks in glaciated mountains (Raeside, 1964). However it is worth noting that not all 

loess produced during Pleistocene glacial periods originated from glaciers.  Deep Pleistocene loess 

deposits in China originated from deserts, and are the result of windy and arid conditions which 

occurred during glacial periods, resulting in long distance entrainment of dry dust by wind which 

eventually settled in basins (Nichol and Nichol, 2013). 

 In areas where extensive glacial and/or periglacial conditions prevailed, vegetation cover 

was often significantly reduced, allowing sediment to be exposed and more easily transported. 

Furthermore there was often an abundance of sediment in glaciated areas due to intense 

mechanical erosion of rocks. In Tasmania these two factors resulted in erosion-deposition cycles and 
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production of many cold climate deposits and landforms such as moraines, alluvial terraces and fans, 

screes, and silts similar to loess (Colhoun, 2002). 

 Erosion during glacial periods is well documented, but the increased rainfall which 

accompanied Pleistocene interglacial periods in the Central Andes coincides with alluvial deposition 

of sediments originating from landslides (Schildgen et al., 2016). Schildgen et al. concluded that the 

landslide activity in these particular alluvial valleys in Argentina was likely triggered by increased 

rainfall, and the age of the landslide alluvial deposits match several Pleistocene interglacial periods 

(Schildgen et al., 2016).  

 Effects on the Biosphere 

 The varying climate during the Pleistocene greatly influenced the evolution and distribution 

of flora and fauna. As glaciers advanced, animals became extinct or were forced out of higher 

latitudes as food and shelter became scarce. Then as the climate warmed and interglacial conditions 

returned, the flora and fauna would adapt once again and return to the previously glaciated areas. 

The glacial periods were also typically drier and windier than the interglacials in most areas (Carr et 

al., 2016, Schaetzl et al., 2016), and the distribution of flora was also greatly altered by both the 

advance of ice and reduced rainfall. Generally vegetation cover was reduced and the forests of the 

warmer and wetter interglacials were replaced by scrub and tundra landscapes (Colhoun, 1999). This 

is a pattern that was repeated worldwide, particularly at higher latitudes which were vulnerable to 

extreme cold during glacial periods, such as in northern Europe (Druzhinina et al., 2015). 

 During glacial periods, the advancing ice sheets locked up enormous amounts of water, 

causing sea levels to drop down to 120m below current levels during the most recent glacial 

extreme, referred to as the Last Glacial Maximum (LGM) (Lambeck and Chappell, 2001). The lowered 

sea levels resulted in the deposition of terrestrial deposits in areas now covered by water (Hughes 

and Kennedy, 2009). These deposits can be dated and the climate during their deposition 

determined by preserved fauna and flora, Oxygen isotope levels, optical luminescence and other 

techniques (Quilty et al., 2013, Summerfield, 1991). Tectonic activity can play an important role in 

the accessibility of these sediments; on the Huon Peninsular in Papua New Guinea marine sediments 

up to 120 ka have been revealed by tectonic uplift, providing an excellent record of marine 

conditions and sea levels during much of the Pleistocene (Lambeck and Chappell, 2001). Conversely, 

subsidence can also lower sediments below sea level. 

 The changing coastlines also resulted in the formation and flooding of land bridges linking 

places such as Australia and New Guinea which allowed flora and fauna, including humans, to 

migrate across areas which are now seas (Lourandos, 1997). In Australia the arrival of indigenous 

Australians and their regular burning of the land then had a direct effect on the landscape by 

allowing more extensive erosion, changing the pattern of vegetation and resulting in aeolian 

deposits of eroded material (McIntosh et al., 2009, McIntosh et al., 2004). 
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Late Pleistocene Conditions of Tasmania and the Upper Styx 

and Tyenna Valleys 

 Tasmania 

 The prevailing conditions in Tasmania during the Late Pleistocene were fairly typical of the 

global pattern of glacial-interglacial cycles (Calver, 2014). Due to Tasmania’s position at 42˚ south 

and fairly mountainous terrain, there was significant but incomplete glaciation of most mountainous 

areas during Pleistocene glacial periods (Fish and Yaxley, 1966). The lower and eastern areas of the 

state largely escaped glaciation during the Pleistocene, but like all of Tasmania, experienced cold, 

dry and windy conditions during glacial periods, and warmer, wetter conditions during interglacials 

(Fish and Yaxley, 1966, McIntosh et al., 2012). During the LGM, rainfall was greatly reduced relative 

to interglacial conditions which is believed to be due to anticyclones dominating Tasmania's climate 

during the LGM and causing rain-bearing low pressure systems to pass South of the landmass more 

frequently (McIntosh et al., 2012).   

 The changes in temperature and rainfall were manifested in marked vegetation changes in 

Tasmania. During interglacial periods when temperatures were warmer and rainfall was higher, the 

vegetation was dominated by plants such as Nothofagus species in rainforest communities (Calver, 

2014, Hill and Jordan, 1996). Under ice age climates, the rainforests largely disappeared and were 

replaced by alpine and sub-alpine shrubs and grasslands (Colhoun, 1999). Reduction of vegetation 

during glacial periods resulted in the landscape becoming more susceptible to erosion, leading to 

several type of aeolian and colluvial cold-climate deposits which are widespread across Tasmania 

(Colhoun, 2002, McIntosh et al., 2009, McIntosh et al., 2012). 

 There were likely four glacial periods in Tasmania during the Pleistocene, each of which 

involving ice-capping and glaciation of mountainous areas to varying degrees. The LGM is the easiest 

to date and most confidently identified in the literature. Conversely, dates concerning earlier glacial 

periods are vaguer due to interfering factors such as erosion and degradation of sedimentary 

evidence. Colhoun and Fitzsimons estimate that the peak of the last glaciation of Tasmania occurred 

between 25 and 18 Kya with the peak of glacial conditions occurring around 20 Kya (Colhoun and 

Fitzsimons, 1996). McIntosh et al (2012) produced a similar estimate of the LGM stating that it 

occurred between 23.5 and 17.5 Kya. 

 Where glaciers occurred they gouged out spectacular glacial valleys throughout much of the 

western and highland areas of Tasmania and produced an abundance of glacial sediments (Fish and 

Yaxley, 1966). The Central Plateau is in part the result of an ice sheet that sat atop it during some of 

the Pleistocene glacial periods producing a flat, relatively smooth plateau (Kiernan, 1999, Fish and 

Yaxley, 1966). Though glacial loess is much rarer in Tasmania than in places such as New Zealand and 

China, it does occur as a soil component in glaciated areas such as Mt Field but has been poorly 

studied in Tasmania due to its rarity (Sharples, 1997). Other types of glacial sediment deposits such 

as windblown sands, moraines and solifluction deposits are common, demonstrating intense glacial 

and periglacial erosion of some areas (Colhoun, 2002, Fish and Yaxley, 1966). Indeed the general 

absence of loess probably relates to the paucity of silty rock types in most glaciated areas in 

Tasmania, and the limited extent of braided rivers. 
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 Upper Styx and Tyenna Valleys 

 Glaciation in Tasmania was mostly confined to the western mountain ranges, central 

Highlands and the Ben Lomond plateau, and did not occur in lower lying areas such as the Styx and 

Tyenna Valleys. However, there was a glacier in the upper Styx catchment at Mt Mueller and there 

were small glacial systems nearby at Mt Field and in most mountainous areas in the south-western 

parts of Tasmania during the Late Pleistocene (Fish and Yaxley, 1966). 

 In addition to cold temperatures, the dry conditions that prevailed during glacial periods 

across Tasmania also occurred in the south and certainly impacted the Styx and Tyenna Valleys 

during the LGM (McIntosh et al., 2012). As in other areas, these conditions would have caused 

vegetation cover to be reduced, making soils and sediments vulnerable to erosion (Sharples, 1997). 

Denudation of slopes would have also resulted in increased colluvial activity and vulnerability to 

erosion by water (Sharples, 1997, Summerfield, 1991). Aeolian erosion and deposition cycles could 

have occurred in a similar manner to other areas in the south and south-east described by McIntosh 

et al (2009).  

Geology of the Styx and Tyenna Valleys 
The geology of the Styx and Tyenna valleys are dominated by Permian rocks including 

mudstones, siltstones and tillites, with large deposits of Quaternary sediments to the north, and 

some Pre-Cambrian quartzite in the north-nest (Jago, 1972, Mineral_Resources_Tasmania, 2016). 

The Permian rock types are diverse, composed of tillites, sandstones, siltstones, dark carbonaceous 

shales and mudstones (Jago, 1972). A near complete section of the typical Tasmanian strata exists 

nearby in the Maydena range (Jago, 1972). Many Permian rocks are readily weatherable, some 

spontaneously fret to produce small angular fragments (figure 3) similar to but more durable than 

argillite screes in New Zealand (McIntosh et al., 1990). Most of the Permian rocks weather to pale 

olive to pale yellowish-brown silty clays and soils derived from them often contain glacial dropstones 

of well-rounded quartzite which occur within the tillites (Jago, 1972). Fossiliferous layers of siltstone 

and mudstone are also present (Jago, 1972). 

Application of Stratigraphy to Climate Science 
 The climate of the Pleistocene has been explored using different methods, such as the study 

of Antarctic ice cores (Petit et al., 1999) as well as pollen, flora and fauna preserved in Pleistocene 

sediments. Soil stratigraphy can also be used to explore climate and there is a long tradition of 

dividing up of terrestrial soil stratigraphy according to perceived climatic changes (Gibbard and Van 

Kolfschoten, 2005). 

 Soil is a product of the interacting effects of climate, topography, vegetation and organisms 

on a parent material over time (Schaetzl, 2010). Variation in these factors over time produces layers 

in soil profiles representing periods of different soil forming conditions, and because climate is one 

of the soil forming conditions climate fluctuation can generate stratigraphy (Butler, 1982, Yu and Lai, 

2014). Therefore if one can understand how a stratigraphic layer in the soil has formed, they may be 

able to deduce information about the nature of the climate that acted upon the layer during its 

formation. This approach has been used on Pleistocene sediments many times to explore Tasmania’s 

past climate (McIntosh et al., 2009, McIntosh et al., 2012). 
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Climatic and Soil Formation Processes 

 Temperature 

 Climate factors including temperature, winds and rainfall are all important and interacting 

factors in the development of a soil from its parent material. Temperature influences the rate of 

chemical weathering of rocks via the laws of reaction kinetics: chemical reactions proceed faster at 

higher temperatures including the reactions responsible for the breakdown of rocks (Dere et al., 

2013). The Arrhenius Equation defines this relationship and states that chemical weathering reaction 

rate approximately doubles per 10˚C increase in ambient temperature (Summerfield, 1991). 

Therefore warmer climates usually induce a much faster rate of chemical weathering than colder 

climates (Fernandes et al., 2016). Warmer climates also increase weathering indirectly by 

encouraging greater biological activity, resulting in more mechanical breaking by root action and 

chemical weathering from organic acid production (Summerfield, 1991). These conditions will result 

in the formation of more pedologically mature soils as opposed to raw sediments typical of cold 

climate deposits (Colhoun, 2002); with more developed structure, less gravels and higher organic 

matter in the upper profile (Fernandes et al., 2016, Schaetzl, 2010). 

 Cold and periglacial climates such as those present the Pleistocene induce less intense 

chemical weathering in rocks and sediments, but can be much more conducive to mechanical 

weathering than interglacials. Glaciers are one of the most potent mechanical weathering agents 

ever described and act somewhat like a heavy and powerful ‘belt sander’, deeply scouring, cutting 

and stripping the land they pass over. As they flow, glaciers pick up and drag rocks along in their 

base, scouring the bottom of their valleys in a similar but much more intense manner to a river 

eroding rock beneath its channel with its entrained bedload. This scouring process generates an 

enormous amount of broken rock and sediment in a wide range in particle sizes; from boulders to 

fine silt. This material is transported down the glacial valley and released as the glacier melts at its 

foot, generating large unsorted deposits of broken rock and fines called glacial till. The glacial 

meltwater forms rivers at the foot of the glacier which carry away sediment and sort it according to 

size, due to finer material being easier to carry than coarser particles (Summerfield, 1991). Due to 

the large amount of sediment released by melting glaciers, these streams often form braided 

channels from which water wind can then pick up and carry away fine material from the continually 

re-worked floodplain. Such processes produced the vast Pleistocene loess deposits in New Zealand. 

 Periglacial rock weathering processes such as thermal expansion and frost shattering were 

extensive during Pleistocene glaciations, as evidenced by the deposits of broken material they left 

behind. Periglacial conditions have been shown to produce to talus, screes, solifluction mantles, and 

alluvial fans, but the mechanisms by which rocks are broken under periglacial conditions still remain 

somewhat enigmatic and thus still partly elude scientific understanding (Summerfield, 1991, van 

Steijn et al., 1984, White, 1976). 

 Frost shattering involves water in rocks freezing, expanding and breaking them apart, 

producing angular fragments common in periglacial sediments. However its exact mechanism and 

conditions under which this occurs in natural environments are unclear, and several model 

mechanisms are still under debate in the literature (White, 1976, Summerfield, 1991). Thermal 

fluctuation of exposed rocks was also likely to have been involved in the extensive physical 

weathering during the Pleistocene, but like frost shattering its exact mechanism is difficult to 



12 
 

determine. It is currently believed that differential stresses resulting from heating of the exterior of 

rocks, and the inability of rock within a large formation to release the stress without breakage is 

important (Summerfield, 1991). The presence of moisture is also correlated with apparent thermal 

shattering. This has been interpreted as evidence for chemical weathering weakening the rock and 

making it more susceptible to shattering (Summerfield, 1991). Moisture is also hypothesised to lead 

to hydration weathering resulting from the expansion and contraction of clay minerals as they 

absorb and release water. But this process only occurs in rocks of specific mineralogy (Summerfield, 

1991). In natural environments, it is likely that all of these processes interact in various degrees to 

facilitate fracture and erosion of rock. 

 Water Availability 

 Rainfall is an accelerant of chemical weathering due to water’s role as a solvent and its 

chemical reactions with minerals. Water leaches chemicals from the rocks and minerals it comes in 

contact with; chemicals within the rocks dissolve into the water, removing mass and transporting it 

out of the rock’s matrix (Summerfield, 1991). An illustration of this is the formation of laterite beds 

beneath a deeply weathered mafic rock source, formed by leeching and subsequent deposition of 

iron and other metals. Rainwater is also slightly acidic due to dissolved CO2, enhancing its ability to 

weather certain minerals. When warm temperatures and high rainfall coincide, rapid weathering is 

the result. This phenomenon is demonstrated dramatically by the intense chemical weathering of 

rocks that were accessible during the warm and wet conditions of the Paleogene Epoch throughout 

Tasmania and Australia (Vasconcelos et al., 2008).  Indeed the extensive Paleogene weathering 

which formed clayey, sesquioxic and silcrete rich soils mantles (Doyle, 1993, Matthews, 1996, 

Nicholls, 1960) may in part explain the general absence of silt rich loess in the Tasmanian landscape 

as instead residual sands and clays dominate the particle size distributions of the soil mantle 

stripped by the mountain glaciers and ice sheets. It may also help explain the wide distribution of 

clayey and stony solifluction deposits in Tasmania.   

 Aeolian Processes 

 In comparison to temperature and water availability, aeolian processes have a 

comparatively minor effect on weathering, but play a significant role in transport. It is possible for 

wind to mechanically weather rock by sand blasting, but this process is of little consequence outside 

of sandy areas such as deserts. Aeolian erosion and deposition of sediments and soils is much more 

common and aeolian deposits are present throughout Tasmania (McIntosh et al., 2004). Therefore 

wind is likely to have had an influence in the development of most soils in the Styx and Tyenna 

Valleys, though this has not been previously investigated. 

 Tasmania is regularly exposed to powerful westerly winds referred to as the Roaring Forties, 

which have been proven capable of moving large quantities of particles in a westerly direction 

(McIntosh et al., 2004). The dry and windy conditions with limited vegetation cover such as those 

which prevailed during the glacial periods of the Late Pleistocene would have been conducive to 

wind erosion/deposition cycles of sediment. With less vegetation to shield drier soils, the strong 

wind can cause ablation and saltation of sand sized particles, bombarding the soil and blasting off 

finer dust particles which can then be carried by the wind in suspension (Kok et al., 2012). Clayey soil 

aggregates (parna) may also saltate in a similar manner to sand particles which can cause them to 

break down as they impact other particles and objects, releasing finer particles which may then 
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become suspended (Kok et al., 2012). Saltation results only in short distance movement of particles 

outside desert environments and is blocked by topography and vegetation; longer distance aeolian 

transport requires suspension (Kok et al., 2012, Summerfield, 1991). 

 Deposition of dust particles out of suspension occurs by wet or dry deposition. Wet 

deposition occurs via two mechanisms: in cloud scavenging occurs when dust particles provide a 

nucleus for water droplet or ice crystal formation in clouds, and below cloud scavenging occurs 

when precipitation collects dust as it falls to the ground (Kok et al., 2012). Dry deposition results 

from the combined influences of gravitational settling, and settling of particles entering boundary 

layers of surfaces and vegetation (Slinn, 1982, Kok et al., 2012). 

 The duration of particle suspension is determined by their size. Particles between 20-70μm 

can be suspended temporarily and quickly settle out; silty and clay particles smaller than 20μm can 

remain suspended for longer periods. Indeed fine clay particles can be suspended for years and be 

transported thousands of kilometres from their source (Kok et al., 2012). Due to this relationship 

between particle size and settling rate, after an aerosol is generated particles settle out in a sorted 

manner according to their size, with the largest particles settling out first (McIntosh et al., 1990, 

Tegen and Lacis, 1996). Therefore the particle size of an aeolian dust deposit is proportional to the 

distance the material has travelled with the finest deposits being farthest from the source.  

Colluvial Processes 

 Colluvial processes describe the movement of sediments down slopes due to gravity, and 

colluvial movement occurs when the force of gravity overcomes the shear strength of the sediment 

(Summerfield, 1991). The strength of the sediment structure is variable and affected by many factors 

including packing of sediment components, the strength of the interactions between them and 

water content (Summerfield, 1991). Although gravity is the force by which colluvial movement 

occurs, a wide variety of other factors contribute to or trigger it, such as the supply of loose 

sediment from up-slope, and water content, both of which are often related to climate (McIntosh et 

al., 2012). 

 Water is an important contributing factor to colluvial processes; it acts as a lubricator 

between sediment components as well as adding additional weight and facilitating movement. 

Therefore rapid and heavy input of water onto a slope can often overcome the sediment’s shear 

strength and trigger many types of debris flows (Schildgen et al., 2016, Summerfield, 1991). Water 

content also changes the behaviour of sediments; in order of increasing water content, soils can 

exhibit elastic, plastic or liquid behaviour (Summerfield, 1991). Clay content is also a critical factor in 

the behaviour of sediments. Increasing clay content typically lowers permeability, increases the 

potential for shrinking and swelling according to water content, and increases cohesion between 

particles (Summerfield, 1991). Climatic variables important to slope stability and colluvial activity 

include rainwater, ice action, and freeze-thaw from temperature oscillations. 

 Colluvial Action under Pleistocene Conditions 

 Periglacial conditions can contribute to colluvial movement in a variety of ways including 

mobilisation of sediment by freeze-thaw activity, and production of sediment by the cold-climate 

erosional processes described earlier (McIntosh et al., 2012). Solifluction occurs due to daily freezing 

and thawing of ice in the soil; when the water freezes the volumetric expansion pushes the soil 
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matrix up, disrupting its structure, and during the day when the ice melts it saturates the soil past its 

liquid limit and allows it to flow down slope.  Due to the soil acting in a liquid manner, solifluction 

can occur on very gentle slopes, and has been observed on gradients as shallow as 1˚ (Summerfield, 

1991). Many relict solifluction deposits generated during the Pleistocene ice ages have been 

described in Tasmania, and active examples still occur at high elevation (Colhoun, 2002). The 

dolerite block glaciers and fields described on Mt Wellington, Maria Island and Mt Field are believed 

to be the result of solifluction action during Pleistocene glacial periods (Sharples, 1997). In these 

cases, clays below the boulders were saturated by thawing permafrost, snow or ice during the day 

allowing the boulders to slide down slopes (Slee and Kiernan, 2014). 

 Periglacial conditions can lead to an abundance of broken, un-vegetated material and 

sediment, and these can be prone to colluvial movement due to their weak inter-particle 

interactions. Frost shattering of rocks is believed to be responsible for the production of angular rock 

fragments which accumulate in colluvial scree deposits, referred to as “grèze litées” by some authors 

(van Steijn et al., 1984, McIntosh et al., 2012). The mode of deposition for these types of deposits 

remains controversial and probably varies between sites. There is evidence for dry colluvial 

deposition and alluvial influence in grèze litée formation, and both have been hypothesised as 

important (van Steijn et al., 1984, McIntosh et al., 2012). The grèze litées like gravelly deposits 

discovered in the Styx valley show evidence of fluvial deposition, and slope wash is hypothesised as a 

possible mechanism (Sharples, 1997). 

 During interglacial periods, colluvial activity was probably greatly reduced overall due to 

vegetation cover increasing slope stability. This coupled with faster chemical weathering would 

allow the formation and development of persistent soils on the hills slopes which could then be 

preserved as paleosols. However it is possible that rainfall was high enough to produce landslides on 

unstable slopes, as described by Schildgen et al (2016). 

Conclusion 
 From the conditions expected in the upper Styx and Tyenna Valleys during glacial and 

interglacial periods, augmented by knowledge of the local parent materials, prediction of the 

characteristics of soils which would have formed during these periods is possible. Parent materials of 

soils formed during glacial periods are likely to include screes and colluvium composed of poorly 

weathered rock fragments, and aeolian deposits. These are indications of a cold and denuded 

landscape which would have been the case during glacial periods. An abundance of unweathered 

rock fragments is an indicator of rapid mechanical weathering due to frost and thermal action, 

exacerbated by the fretting tendency of many of the Permian siltstones and mudstones (McIntosh, 

2012, McIntosh et al., 1990, van Steijn et al., 1984). Contrastingly, interglacial conditions would have 

likely produced paleosols, as chemical weathering and vegetation cover would be greater due to 

increased temperature and rainfall. Further study will describe upper Styx and Tyenna Valley soils 

and sediments and deduce the climates under which they formed. 
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Introduction 
  The study of climatology and it impacts on the environment is topical in our current 

era of climatic flux. The Earth’s climate is warming rapidly which will have complex flow-on effects, 

impacting on aspects of the hydrosphere and biosphere including: sea level rise, changes in ocean 

currents, changes in the distribution of species, disease epidemiology and agricultural food 

production. Studying how and why the climate has fluctuated in the past and how this affected the 

environment can inform researchers about likely impacts of climate change, and help refine 

computer models used to predict climate change and its potential impacts. Information gathered 

from climate and associated environmental research can then be used to advise governments and 

the population on how to adapt to and potentially limit climate change impacts. 

 During the Pleistocene Epoch (~1.8 Myrs) dramatic climate fluctuations occurred, typified by 

rapid oscillations between colder (-3 ~ -6o), drier and windier Glaciations (Ice Ages) and warmer (0 ~ 

+3o), wetter Inter-Glaciations (Figure 1).  For the last 10 Kyrs the planet has been in an Inter-

Glaciation, termed the Holocene Epoch (Figure 1) (Davies, 2016, Petit et al., 1999). Within the 

Glaciations there were slightly warmer and slightly cooler periods which are respectively termed 

inter-stadials and stadials. These oscillations were global, relatively rapid compared to most prior 

climate shifts, and destabilised the Earth’s entire climate system, resulting in dramatic sea level 

fluctuations, glacial advances and retreats, and substantial changes to ocean currents and resulting 

weather (Murray-Wallace and Woodroffe, 2014, Quilty et al., 2013). The basic pattern of these 

climatic shifts are well understood (Davies, 2016, Petit et al., 1999), however accurate determination 

of when they occurred in time on local and world scales has been harder to accurately define due to 

the sheer size and complexity of the topic (Gibbard and Van Kolfschoten, 2005). Further studies as 

well as exhaustive literature synthesis are needed to continue to pin down the timing of climatic 

events. 
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Figure 1: Changes in Pleistocene temperature and ice volume determined from Antarctic ice cores 

from two sites (Davies, 2016). 

 In general, the climate in Tasmania during the Pleistocene epoch correlates fairly well with 

the global patterns of glacial-interglacial cycles, and conditions were similar to those at comparable 

latitudes around the world. Tasmania is one of only three regions in the Southern Hemisphere which 

mid-altitude glaciation occurred in a maritime environment (Mackintosh et al., 2006), and contains 

ample evidence of the impacts of past climate changes in its geological and sedimentary deposits, as 

well as pollen records (Calver, 2014). This wealth of information makes the study of Tasmanian 

Pleistocene climatic records a promising contributor to the global paleoclimate knowledge base. 

 The hills in Tasmania’s upper Styx and Tyenna valleys contain deep deposits of relict cold 

climate sediments alternating with layers which seem to have formed under warmer conditions. 

These sections vary in composition and are often of a highly complex nature, with fine gravelly 

deposits, local colluvium, fine white layers, and alluvial influences all being present in various 

combinations within single sections. Several layers within stratigraphic sections in the Tyenna and 

Styx valleys have been dated to the Late Pleistocene (McIntosh, 2012) and their repeating nature 

suggests the oscillating climatic conditions of the period resulted in distinct types of sedimentation 

and soil development. 

 It is hypothesised that the repetitive stratigraphy displayed by Styx and Tyenna valley 

sections is due to alternating climatic conditions with colder-drier periods characterised by erosion 

and deposition and warmer-wetter periods by colluvial processed and soil formation. This 

hypothesis will be tested by determining the timing of deposition and likely provenance of Styx and 

Tyenna valley sections of interest. This will be achieved by analysing the local geomorphology and 

soil/sediment forming influences, dating as many layers of the studied sections as possible, and 

sampling and extensively analysing each layer. After the provenance of each layer is determined, this 

will provide insight into the climatic conditions under which they formed and the dates generated 

will enable results to be related to the global paleoclimatic context. 
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Materials and Methods 
Profile Characterisation 
 Each section/soil profile was divided up into discrete horizons/layers according to Munsell 

colour, field texture, soil structure and gravel content. 1-2 kg of sample was then taken from each 

horizon, in a vertical section as much as possible, for laboratory analysis. Samples were also taken of 

nearby sediments of interest, including siliceous deposits and a deep, finely stratified gravel deposit. 

Field textures and colour characterisations were performed on a saturated bolus of each sample in 

the laboratory according to the Australian Soil and Land Survey Field Guide, and Munsell Soil Colour 

book (2012, CSIRO, 2008). 

Styx Valley Bore Hole Cores 
 Cores from bore holes drilled deep into the Quaternary sediments and bedrock of the Styx 

Valley area were interpreted at the Mineral Resources Tasmania core library in order to investigate 

the broader landscape’s history. 

Particle Size Analysis (PSA) 

 Preliminary Steps 

 Sub-samples of approximately 40 g were weighed out from each air dried bulk sample and 

subjected to pre-treatments as recommended by Cresswell et al (2002). Samples MJ 0-12, MJ 12-30, 

MJ 70-100, and SRd 0-20 were estimated to contain significant amounts of organic matter and were 

therefore treated with H2O2 under gentle heating. This oxidised away fine organic matter which 

could otherwise aggregate soil particles. After these pre-treatments the samples were dis-

aggregated by addition of 25 ml of 0.05M sodium hexametaphosphate solution, 1 minute of 

sonification by high intensity sonic probe, and overnight end-over-end shaking. 

 The dispersed samples were then wet sieved through a 63 μm seive under gentle vibration 

to separate the fine and coarse fractions. Sediment which passed through the 63 μm sieve was 

captured and designated the fine fraction. Sediment and gravel which was captured on the 63 μm 

sieve was designated the coarse fraction, and was retained for PSA by dry sieving. 

 Analysis of Fine Fraction 

 The fine fractions were suspended in 1L sedimentation tubes and PSA was conducted by the 

pipette method according to Cresswell et al (2002). The samples were thoroughly agitated to 

suspend all particles before pipetting off 20 ml into pre-weighed vessels at specific times (see table 

1), determined by the relationship between temperature and particle settling rate described by 

Stokes Law (Cresswell et al., 2002). A 20 ml blank sample was taken from 25 ml sodium 

hexametaphosphate in a 1L sedimentation tube to control for the extra mass from the dispersant. 

The samples were then oven dried overnight at 105˚C and weighed.  

  

Commented [a1]: Molecular weight = 611.7704 g mol−1 
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Table 1: Example of sampling times for pipette analysis 

 The mass of the tins and salts from the added sodium hexametaphosphate solution were 

subtracted and the resulting sediment weights were multiplied according to the remaining 

concentration of sediment (e.g. x 50 for 20 ml in 1 L) to estimate the total mass of sediment 

suspended in each 1 L cylinder. These values were then expressed as a percentage of the total 

sample weight. 

 Analysis of Coarse Fraction 

 Coarse fractions (>63 μm) were thoroughly air dried and mechanically shaken through an 

Endecott standard sieve stack at half Phi () intervals for 10 minutes. The sediment captured on each 

sieve was weighed, and then assessed for rough mineral composition and particle shape using a 

hand lens and/or dissection microscope. The fraction weights were then expressed as a percentage 

of the total sample weight. 

Table 2: Fraction Designation for Particle Size Analysis Results Table 

Fraction Particle Size (um) 

Gravel >2000 

Grit 1000 – 2000 

Coarse Sand 250 – 1000 

Fine Sand 63 – 250 

Silt 2 – 63 

Clay >2 

 Data Limitations 

 Because sieve analysis started at 63 μm and pipette analysis ended at 32 μm, this caused the 

gap between these sizes to be left un-assessed. This is reflected in the graphs of the cumulative 

particle size distributions (PSA Figures).  

X-Ray Fluorescence (XRF) 
 The 14 – 16 g sub-samples from each soil horizon were oven dried and ground to fine 

powder in a tungsten carbide pneumonic mill. A melted fusion disk was prepared to homogenise the 

sample and oxidized to completion. The sample was then analysed using X-ray fluorescence, 

providing major and minor elemental oxide quantification.  

 XRF Data Analysis 

 Soil horizons at Mayne’s Junction and Styx Road were grouped by characteristics and 

inferred provenance. Statistically significant differences between groups were then determined by 

multivariate analysis of variance (MANOVA) and Tukey B post-hoc tests using IBM SPSS v20. Unique 

soil layers were not included in statistical analysis as only one sample was taken. 

  Hours Minutes 

Time 24 4:07 2:04 1:02 30:54 15:27 7:43 4:40 3:31 1:56 

P size (um) 2 2.8 3.9 5.5 7.8 11 15.6 20 22.1 31.2 
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 The horizon groups and samples sizes for Mayne’s Junction are as follows: “Pale” = 30 – 70 

cm and 160 – 260 cm (4 samples), “Permian” = 100 – 160 cm, and 310 – 400 cm (3 samples), 

“Topsoil” = 0 – 30 cm (2 samples), and “Paleosol” = 70 – 100 cm (1 sample). The paleosol has a 

sample size of 1 and was therefore not included in statistical analysis. The horizon groups and 

samples sizes for Styx Road are as follows: “Pale” = 160 – 200 cm (1 sample), “Gravelly” = 0 – 105 cm 

(7 samples), “Pale + Fe Pans” = 200 – 220 cm (1 sample), “Alluvial” = 105 – 160 cm, 220 – 250 cm (7 

samples), and “Debris Flow” = 250 – 300 cm (1 sample). 

 The layers with sample sizes of 1 including the Mayne’s Junction paleosol, the Styx Rd layers 

“Pale”, “Pale + Fe Pans”, and “Debris Flow”, were not included in statistical analyses. 

Elemental Analysis 
 Small soil subsamples were ground to a powder in a Retsch mixer mill in preparation for 

elemental analysis by combustion in a PerkinElmer 2400 Series II Elemental Analyser. Approximately 

15 – 25 mg of soil powder was transferred to metal foil cups which were carefully sealed by folding, 

accurately weighed and analysed to determine N, C and H content. 
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Results 
Local Geology 

 

 

Figure 2: Geological map of the Styx and Tyenna Valley Area (Calver C. R., 1997). 
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The geology of the Styx and Tyenna valleys is dominated by Permian rocks including 

mudstones, siltstones and tillites, with large deposits of Quaternary sediments on a floodplain to the 

North, and some Precambrian quartzite in the north-west (Jago, 1972, 

Mineral_Resources_Tasmania, 2016) (Figure 2). The Permian rock types dominate the immediate 

study area, and are diverse and include tillites, sandstones, siltstones, dark carbonaceous shales and 

mudstones (Figure 2). Indeed a near complete section of the typical Tasmanian Permian strata exists 

in the Maydena range (Jago, 1972). 

Many of the Permian rocks are readily weatherable, and some of the siltstones and 

mudstones spontaneously fret when exposed, producing gravel-sized angular fragments (Figure 3) 

similar to but more durable than argillite screes in New Zealand (McIntosh et al., 1990). Pieces of 

Permian siltstone of all sizes have been observed fretting after exposure from road construction, and 

this process is particularly active around the Styx Road and sites where deep fine gravels are located 

(Figures 3, 8 & 11). 

 

Figure 3. Exposed Permian siltstone spontaneously fretting into angular, platy fragments. 

The primarily physio-chemical weathering products of the local Permian rocks are pale olive 

to brownish-yellow silty clay soils. These brownish-yellow silty clays containing Permian gravels 
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‘floating’ in the finer matrix have been consistently observed mantling slopes underlain by Permian 

strata, and many are interpreted as colluvial deposits. Alluvial (stream) deposits of Permian material 

have also been observed and are distinguishable from colluvium by both the rounding and sorting of 

the gravels which are also well bedded. Soils and sediments derived from Permian tillites also often 

contain split or broken formerly well-rounded quartzite ‘drop-stones’ in addition to Permian lithic 

fragments (Jago, 1972). Drop-stones are a feature of the Permian rocks first noted by Darwin on his 

visit to Hobart, and are rounded, but often broken, glacial fragments dropped by melting glacier ice 

into soft marine sediments forming in shallow sea of the period. Fossiliferous layers of siltstone and 

mudstone are also present (Jago, 1972). 

Geomorphology of the Styx and Tyenna Valleys 
 The geomorphic processes present in the Styx and Tyenna valleys are complex and vary 

temporally and spatially, reflecting the dynamism of the landscape’s history. An abundance of 

Quaternary deposits are present which include colluvium, alluvium and aeolian materials. Due to the 

dynamic nature of this landscape, many of its soil profiles/sections display complex stratigraphic 

layering containing a range of different materials originating from sequences of separate 

geomorphic processes and sources from a variety of parent materials. The Mayne’s Junction and 

Styx Road stratigraphic sections, and Styx Cores 2 and 3 from Mineral Resources Tasmania (MRT) 

core library, all demonstrate the wide variety of sediment and soil forming conditions which have 

occurred in the Styx and Tyenna Valleys. 

 The MRT Styx Core 3 was drilled into Quaternary colluvium (Figures 2 & 4) and contains a 

wide variety of sedimentary deposits. Gravels, gritty sediments, brownish-yellow weathered clay 

colluvium from Permian rocks, and white fine silty and sandy layers of possibly aeolian or alluvial 

provenance are all observed, demonstrating that variable stratigraphy is a feature of this landscape 

(Figure 4). 
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Figure 4: Mineral Resources Tasmania (MRT) - Styx Core 3 contains stratigraphy similar to the 

Mayne’s Junction profile with yellow colluvial clays and white silty layers. The core consists of a 

soil overlaying gravels and grits (right), before deep layers of yellow colluvium and siliceous silts 

above the Cambrian volcanic red mudstone bedrock (left). 

 The MRT Styx Core 2 is located to the north-west of the two main stratigraphic sections and 

is located on the edge of a fan deposit derived from Mayne’s Hill and mapped as Quaternary 

colluvium (Figure 2). The layers from 10 – 19 m deep are Permian derived clays similar to those 

observed in the Mayne’s Junction profile, and therefore likely originated from the Permian derived 

soil mantle of Mayne’s Hill (Figures 5 & 2). However, there is a layer of medium grading to coarse 

quartz sand and grit from 19 – 20.5 m overlaying white quartz channel stones (Figure 5). Given that 

there is no highly siliceous material up-slope from this drill core location it can be deduced that this 

layer is not local colluvium or fan alluvium. The particle size is also too large and varied for the sands 

to be a buried dune deposit. The sandy layer is most likely a near-channel alluvial deposit of eroded 

quartzite carried by a stream cutting into one of the outcrops of Cambrian quartzite scattered 

throughout the Styx valley. 
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Figure 5: Mineral Resources Tasmania (MRT) - Styx Core 2 containing fan alluvium from Mayne’s 

Hill and alluvial sediments from the Styx River. The medium and course sands from 19 m to 20.5 m 

are likely to be alluvial sands derived from erosion of Precambrian quartzites. 
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Section Descriptions 
 The Mayne’s Junction section is a four metre deposit 420 m above sea level comprised of 

organic matter rich topsoil, brownish-yellow clays with a moderate concentration of gravel, and fine 

white layers. The Styx Road profile is 495 m above sea level and contains stratified fine gravely 

deposits and sediments, on very fine white silty clay material, over coarse alluvium. 

 Mayne’s Junction 

Table 3: Mayne’s Junction Layers 

Designation Depth (cm) Texture Colour pH 

MJ 0-12 0-12 L 2.5YR 3/1 4.27 

MJ 12-30 12-30 CL 10YR 3/2 3.65 

MJ 30-70 30-70 ZL 10YR 4/2 3.94 

MJ 70-100 70-100 LMC 10YR 5/6 3.66 

MJ 100-125 100-125 GC 10YR 5/6 4.15 

MJ 125-160 125-160 LC  10YR 6/6 4.01 

MJ 160-220 160- 220 ZCL 2.5Y 6/2 4.08 

MJ 220-240 220-240 LMC 10YR 5/6 3.92 

MJ 240-260 240-260 MC 10YR 6/6 4.02 

MJ 310-400 310-400 GC 10YR 6/6 4.07 

Designation codes indicate layer and layer depth in cm. 

Texture Code 

Sand S 

Loamy Sand LS 

Loam L 

Clay Loam CL 

Clay Loam Sandy CLS 

Silty Loam ZL 

Silty Clay Loam ZCL 

Light Clay LC 
Light Medium 
Clay LMC 

Medium Clay MC 

Gravelly Clay GC 

Table 4: Key to textures codes 

This list of field textures contains only those textures 

applied in this study and is not comprehensive. 

 

 

 

Figure 6: Mayne’s Junction sampled section.  

Bottom 310 – 400 cm not shown. 
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 Mayne’s Junction’s topsoil contains two layers; MJ 0-12 and MJ 12-30 which are lightly 

textured and organic matter rich (Table 3, Figure 11). MJ 30-70 is a highly siliceous grey-white silty 

layer but lacks the organic matter of MJ 12-30. MJ 70-100 is a strongly structured brownish-yellow 

clay comprising of strong aggregates coated with organic carbon (see Figures 7 & 13). From 100 – 

160 cm there are two layers of brownish-yellow clay containing abundant Permian gravels and grit 

before a sharp boundary with another pale silty layer (Table 3). This silty layer contains two horizons; 

MJ 160-220 and MJ 220-240. MJ 160-220 is highly siliceous and MJ 220-240 is similar but also 

contains iron pans. Another layer of gravelly yellow clay occurs from 240 – 260 cm. The soil from 260 

– 310 cm is obscured by a large bench in the road cutting and is thus un-sampled. 310 – 400 cm is 

composed of gravelly brownish-yellow clay. 

 

Figure 7: Paleosol from 70 – 100 cm in Mayne’s Junction section. Strongly structured, of medium 

clay texture with organic matter coatings on aggregates. Matrix supported rounded gravels are 

visible in the yellow clay layer below. 
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 With the exception of the pale silty layers and topsoil, the Mayne’s Junction section is 

strongly dominated by Permian derived brownish-yellow clays. Several of the brownish-yellow layers 

within the Mayne’s Junction section display colluvial character, containing matrix supported gravels 

of Permian sedimentary rocks with some rounded quartz gravels. The soil profile rests on and is 

down-slope of Truro tillite (Figure 2), though the bedrock directly under the section was difficult to 

observe clearly. Truro tillite contains quartz dropstones and is likely the source of the rounded 

quartz gravels within the section (Jago, 1972). 

 Styx Road 

 All of the sedimentary layers of the Styx Road section (Figure 8) contained obvious and 

abundant materials derived from Permian lithologies, predominantly siltstones, sandstones, and 

tillites, except for the unusual pale and silty, very coarsely-structured layers between 160 and 220 

cm. Despite the gravel and clay fraction being derived from Permian material, the sand fraction was 

made up almost entirely of quartz with very few Permian fragments. The gravels (> 2 mm) and very 

coarse sands (1 – 2 mm) all displayed a degree of rounding, particularly in the layers between 65 and 

160 cm, indicating they had been subjected to fluvial transport.  
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Figure 8: Styx Road Soil Layers. Boundaries are lined in red and the calibrated Radiocarbon date 

for the white layer is shown. The white layer from 160 - 200 cm was dated at 35 ± 0.508 Ka BP. 

 The top 65 cm of the Styx Road section is finely stratified, well-sorted, and composed 

primarily of fine gravel-grit and clay. Its stratigraphy alternates between thin (10 – 20 cm) layers of 

higher and lower grit/gravel content, though all do contain a high proportion of grit/gravel (Figure 

17). The layers between 65 cm and 160 cm also contain an abundance of Permian fine gravels but 

typically have a higher proportion of finer material such as clays and silts (Table 7). Unlike the layers 

above 65 cm, layers from 65 – 160 cm are not quasi-level, but sloping and lensed (Figure 8). Many 

layers taper from 25 cm thick down to less than 5 cm thick, or to truncation (Figure 8). It was also 

observed that the gravel content of the layers between 65 – 160 cm alternates from higher to lower. 

There is then a sharp boundary between these fine gravelly layers and the distinct fine pale layer 

beginning at 160 cm. The pale layer has a weakly developed coarse structure and contains stones of 

various mineralogy’s and morphologies, though none of the ubiquitous Permian fragments of the 

preceding layers. Iron oxide accumulation in the form of ferricrete pans appear from 200 to 220 cm, 
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and this layer appears to be composed of very similar sediments to the preceding pale layer (Table 

7). The final layers of the profile are composed of, finer alluvial sediment from 220 – 250 cm over a 

stony-bouldery clay, interpreted as a debris flow deposit (Figure 8). 

Table 5. Colours and Textures of Styx Road Horizons 

Horizon Depth (cm) Texture Colour 

SRd 0-20 0-20 GC 10YR 4/4 

SRd 20-45 20-45 GC 10YR 5/6 

SRd 45-55 45-55 GC 10YR 5/6 

SRd 55-65 55-65 GC 2.5Y 5/6 

SRd 65-80 65-80 CLS 10YR 5/4 

SRd 80-100 80-100 GC 10YR 5/4 

SRd 100-105 100-105 CLS 10YR 5/6 

SRd 105-125 105-125 CLS 10YR 5/4 

SRd 125-135 125-135 CLS 10YR 5/6 

SRd 135-145 135-145 GC 10YR 5/6 

SRd 145-152 145-152 CLS 2.5Y 6/4 

SRd 152-157 152-157 GC 10YR 5/6 

SRd 157-160 157-160 LC 10YR 5/6 

SRd 160-200 160-200 MC 2.5Y 6/4 

SRd 200-220 200-220 LMC 10YR 5/6 

SRd 220-250 220-250 CL 10YR 5/6 

SRd 250-300 250-300 CLS 10YR 5/6 

Gravelly textured layers contained too much fine gravel and grit to perform a field texture on and 

were classed as gravelly clays. 
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 Potential Sediment Provenance sites 

 Three minor sites were studied for their relevance to the main sections: Two quartzite 

outcrops were designated the Silica Quarry (SiQ) and Kallista creek outcrop (KcO), and a finely 

stratified gravel deposit designated “Deep Fine Gravels” (DFG) (Figure 2). 

 

Figure 9: Silica Quarry Site (SiQ). Potential siliceous sand source area. 

 The Silica Quarry Site is a very pure silicate deposit containing over 10 meters of loose quartz 

sand and siliceous graves. The deposit is 300 m north-west of the Mayne’s Junction section (Figure 

2).  
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Figure 10: Kallista Creek Site (KcO). Lightly vegetated outcrop of Cambrian quartzite and potential 

siliceous sand source area. 

 The Kallista Creek site is a highly siliceous, fine sandy soil atop an outcrop of Cambrian 

quartzite. The area above the quartzite is sparsely vegetated, and can be easily picked out on a 

satellite photograph, which is likely due to the poor soil (Table 8). 
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Figure 11: Deep Fine Gravels Site. Four meter deep finely stratified gravel deposit filling a fossil V-

shaped gully in fretting Permian siltstone bedrock. 

 The Deep Fine Gravels site is a four meter deep and very gravelly-gritty sedimentary deposit 

filling a V shaped gully in the Permian siltstone bedrock (Figure 11). The clayey gravel composing the 

site is identical to the gravelly layers in the top 65 cm of the main Styx Road site, containing sub-

rounded and platy Permian fragments coated in brownish-yellow silty clay (Table 5). The gravel 

deposit is also finely stratified in a similar manner to the Styx Road main site with layers of varying 

clay: gravel ratios (Figure 11). 
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 Elemental Analysis 

 

Figure 12: Percentage by mass of total carbon and nitrogen of Mayne’s Junction soil layers 

 Notably high total carbon and nitrogen levels are observed in the layers 0-12, 12-30 and 70-

100 (Figure 12). The C and N concentration in the topsoil (0-30 cm) is expected and due to organic 

matter accumulation and breakdown, however the high C and N within the 70-100 cm layer suggests 

that it is a paleosol, that is a buried former soil from a different climatic setting. Low total carbon 

and nitrogen are observed in the other layers.  

 

Figure 13: Percentage by mass of carbon and nitrogen of Styx Road soil layers 

 

7.42

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

%
 m

as
s

Horizon Depth (cm)

Carbon

Nitrogen

0

0.2

0.4

0.6

0.8

1

1.2

%
 m

as
s

Horizon Depth (cm)

Carbon

Nitrogen



34 
 

 C and N levels are fairly low and uniform. A moderate increase in Carbon in the top 20 cm 

due to organic matter accumulation is the only result of note. 

 Radiocarbon and Thermo-luminescence Dates 
 All of the fine white layers within the Mayne’s Junction profile have been dated to the Late 

Pleistocene Epoch. The upper pale layer (top right of Figure 14) was dated by thermo-luminescence 

at 19.6 ka BP, and the subsequent pale layers (Figure 14) were previously dated by P.D McIntosh 

(written communication) at 31.5 ± 0.351 Ka BP and >52.8 Ka BP after calibration (McIntosh, 2012). 

The 31.5 ± 0.351 ka BP is truncated therefore and absent from the section I sampled and is 

designated “MJ 31.5 Ka”, but the 19.6 ka BP layer and >52.8 Ka BP were sampled and designated as 

MJ 30-70 and MJ 160-220 in the current study. 

 

Figure 14. Dated siliceous layers in Mayne’s Junction section. 

Dates were measured by Radiocarbon dating of charcoal using Accelerated Mass Spectrometry 

(AMS) and calibrated using CalPal and Thermoluminescence. Layer names: 19.6 Ka BP = MJ 30-70, 

31.5 Ka BP = MJ 31.5 Ka, >52.8 Ka BP = MJ 160-220. 

 The pale layer from 160 - 200 cm at the Styx Road site (Figure 14) was dated at 35 ± 0.508 Ka 

BP (McIntosh, 2012). These dates place the age of these profiles in the late Pleistocene, though the 

ages of the layers above the dated layer on Styx Road are unknown. 

 Confirmation dates of charcoal via radiocarbon dating using AMS of MJ 30-70 and the 

truncated white layer in the left of the photo above (initially dated by P. McIntosh at 31.5 ± 0.351 ka 

BP) are pending. 
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Particle Size Analysis 
 Significant differences were observed in particle size distribution between different layers at 

both sites, suggesting differing modes of deposition. Particle size distributions were also radically 

different between sites, suggesting that different depositional processes were acting on either site. 

For example silt (2 – 63 microns) dominates most layers and in particular the light/pale layers. 

However both sites contained sub-angular quartz sand in each every layer suggesting widespread 

and continuous aeolian activity. 

 Mayne’s Junction 

Table 6: Mayne Junction and Minor Sites Particle Size Summary (values as mass %) 

Depth (cm) 
% Clay 

(<2 μm) 
% Silt 

(2-63 μm) 
% Fine Sand 
(63-250 μm) 

% Coarse Sand 
(250-1000 μm) 

% V Coarse 
Sand (1-2 mm) 

% Gravel 
(>2 mm) 

0-12 21% 53% 14% 6% 2% 4% 

12-30 17% 58% 17% 5% 1% 1% 

30-70 13% 68% 12% 4% 1% 1% 

70-100 56% 38% 4% 1% 0% 0% 

100-125 28% 34% 4% 3% 4% 27% 

125-160 34% 41% 7% 4% 3% 11% 

160-220 15% 63% 15% 5% 1% 1% 

220-240 23% 56% 13% 5% 1% 2% 

240-260 20% 49% 11% 4% 1% 14% 

310-400 31% 46% 4% 2% 1% 15% 

       SiQ 0% 6% 83% 10% 0% 0% 

KcO 1% 16% 60% 17% 0% 6% 

 

 The silty pale layers of Mayne’s Junction (30 – 70 cm, 160 – 240 cm) contain moderately low 

amounts of clay and very few gravels, and are dominated by silt and fine sand, leading to very similar 

particle size distributions (Table 6, Figure 15). The topsoil from 12 – 30 cm, has a similar particle size 

distribution to the pale layers, being dominated by silt and fine sand (Figure 15). The top 12 cm (MJ 

0-12) is also silt and fine sand dominated, but has higher clay and gravel content at 21% and 4%, 

respectively, than the truly silty horizons and contains Permian gravels and aggregates of yellow clay 

(Table 6). MJ 240 – 260 also displays some high ‘siltyness’ with 60% of particles in the silt –  fine sand 

sizes and lacks Permian gravels (Figure 16). However its clay content of 20% (Table 6) and yellow 

colour suggests more Permian influence than the other silty/fine-sandy layers (Table 3). 
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Figure 15: Mayne’s Junction silty layers cumulative particle size distributions 

 The silt - fine sand fractions of the siliceous layers in Mayne’s Junction are dominated by 

sub-angular quartz particles, suggesting they have been transported only a short distance. This is not 

unexpected as it is unlikely that the concentration of quartz present in these layers could have been 

derived from the weathering of Permian rocks, which also suggests deposition of exotic siliceous 

material. 

 

Figure 16: MJ 240-260 >2mm gravel fraction.  

 The yellow, Permian clay dominated layers (70 – 160 cm, and 310 – 400 cm) tended to have 

higher clay and gravel content, the gravels being mostly Permian sedimentary rocks (Table 6, Figure 

17). The paleosol at 70 – 100 cm has the highest clay content, but the lowest gravel content (Table 

6), containing only a few fragments of angular quartz (data not shown). 

 The gravels in MJ 125-160 are well to moderately rounded suggesting that they have been 

subjected to alluvial transport (Figure 17). Some of MJ 100-125’s gravels are also sub-rounded, but 
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many are also angular and/or broken presenting indeterminate evidence to distinguish between 

colluvial and alluvial deposition. The gravel of MJ 310-400 is almost entirely angular yellow Permian 

mudstone, suggesting it is a colluvial deposit. 

 

Figure 17: MJ 125-160 >2mm gravel fraction. Rounded gravels suggest alluvial transport 

 All of Mayne’s Junction’s layers contain sub-angular quartz sand, and are low in grit (Table 

6). The soils from the two Quartzite outcrops (SiQ and KcO) are dominated by fine sand and lesser 

amounts of silt (Table 6). This material is easily erodible by wind and other agents making both sites 

excellent candidates as aeolian silt and fine sand sources. 
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 Styx Road 

Table 7: Styx Road Particle Size Summary 

Depth (cm) 
% Clay 

(>2 μm) 
% Silt 

(2-63 μm) 
% Fine Sand 
(63-250 μm) 

% Coarse Sand 
(250-1000 μm) 

% V Fine Sand 
(1-2 mm) 

% Gravel 
(>2 mm) 

0-20 10% 13% 4% 6% 17% 49% 

20-45 13% 25% 2% 4% 15% 41% 

45-55 12% 29% 4% 6% 16% 33% 

55-65 14% 28% 3% 3% 13% 38% 

65-80 26% 33% 13% 12% 6% 10% 

80-100 20% 38% 6% 2% 3% 31% 

100-105 26% 38% 13% 8% 4% 12% 

105-125 22% 34% 2% 1% 4% 36% 

125-135 27% 42% 11% 4% 4% 12% 

135-145 25% 42% 5% 1% 2% 25% 

145-152 28% 42% 12% 5% 3% 9% 

152-157 22% 45% 5% 1% 2% 24% 

157-160 23% 47% 20% 4% 1% 6% 

160-200 38% 51% 9% 2% 0% 0% 

200-220 34% 50% 8% 1% 1% 6% 

220-250 27% 45% 10% 4% 3% 10% 

250-300 19% 36% 6% 3% 5% 31% 

Values expressed in %mass. Textures data ascertained by field texture method. Size ranges: Clay = 

<2 μm, Silt = 2 – 63 μm, fine sand = 63 – 250 μm, coarse sand = 250 – 1000 μm, grit = 1000 – 2000 

μm, gravel = > 2000 μm (Table 2). 

 The layers of the upper 65 cm of the Styx Road section have very similar particle size 

distributions, characterised by high gravel, and grit content, minimal sand, and moderate amounts of 

clay and silt (Table 7, Figure 18).  
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Figure 18: Styx Rd 0 – 65 cm cumulative particle size distributions. 

 The layers from 65 – 160 cm generally contain more fines and less gravel and very coarse 

sand than the preceding layers (Table 7). As observed in the field, these layers display alternating 

stratigraphy between relatively gritty (very fine gravel) and finer silty sand layers with less gravel 

(Table 7). The finer layers in this alternating stratigraphy contain much more fine and coarse sand, 

which was observed to be quartz (data not shown), in addition to lowered gravel content (Table 7). 

The layer from 157 – 160 cm is particularly fine (Table 7). Differences in clay and silt content 

between the gravelly and finer layers are less distinct (Table 7). 

 The following two layers at 160 – 200 cm and 200 – 220 cm have characteristics and particle 

size distributions which are very different to the rest of the Styx Rd section (Figure 19). SRd 160 – 

200 contains very little gravel and SRd 160 – 200 and SRd 200 – 220 have the highest clay and silt 

content in the entire profile (Table 7). The small amount of gravel in SRd 200 – 220 (Table 7) was 

observed to be almost entirely ferricrete from the iron pans rather than lithic fragments (photo not 

shown). Therefore this higher gravel content is due to iron precipitation and cementation, not 

differing primary particle size and the gravel fraction was removed from the cumulative particle size 

distribution (Figure 19). 
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Figure 19: Styx Road 160 – 220 cm cumulative particle size distributions 

 SRd 220 – 250 is comparable to the finer layers in the alternating sequence, containing low 

gravel, moderate clay and high silt content (Table 7). Fine sand content is also low at %10, but 

relatively high compared to the rest of the profile (Table 7). 

 The debris flow at 250 – 300 cm has a bi-modal particle size distribution comparable to the 

very gravelly layers of the top 65 cm; with high gravel content and minimal sand (Table 7). But SRd 

250 – 300 has higher clay and silt content, and lacks the grit present in the fore mentioned upper 

layers (Table 7). 

 Sub-angular quartz sand was observed in most layers, particularly in finer layers and was 

responsible for almost the entire sand fraction. 
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X-Ray Fluorescence (XRF) analysis of total oxides  
 Clear differences are observed in major elemental concentrations between the paler layers 

and yellower layers, suggesting either a range of source materials or differing weathering 

environments for the deposits in the sections. Calcium levels are extremely low throughout all layers 

of both sections, which could be indicating an abundance of ‘mature’ or highly weathered source 

materials (Khider and McQueen, 2005). 

 Table 8: Concentrations (%mass) of major elements in Mayne’s Junction profile. 

Layer SiO2 TiO2 Zr (ppm) Al2O3 Fe2O3 MnO MgO CaO K2O P2O5 
  MJ 0-12 72.7 0.750 315 5.32 2.43 0.015 0.41 0.3 0.91 0.06 

  MJ 12-30 85.6 0.869 349 3.93 1.61 <0.01 0.28 0.0 0.74 0.04 

  MJ 30-70 93.7 1.01 368 2.10 0.53 <0.01 0.15 <0.01 0.47 0.02 

  MJ 70-100 57.7 0.841 183 16.3 9.73 <0.01 1.03 <0.01 2.62 0.04 

  MJ 100-125 63.1 0.655 206 16.4 6.44 0.012 1.23 <0.01 2.60 0.05 

  MJ 125-160 71.8 0.682 250 13.2 4.95 0.012 0.92 0.01 1.98 0.04 

  
MJ 160-220 93.7 0.971 355 2.36 0.67 <0.01 0.12 0.01 0.295 0.02 

 
Horizons 

MJ 220-240 88.7 0.944 345 4.56 2.41 <0.01 0.23 0.01 0.528 0.02 

 

Pale 

MJ 240-260 87.0 0.860 321 4.20 3.60 <0.01 0.20 0.01 0.550 0.03 

 

Permian 

MJ 310-400 60.0 0.642 181 19.3 6.87 <0.01 1.04 0.03 3.23 0.08 

 

Paleosol 

  
         

  

 

Topsoil 

SiQ 99.2 0.054 28 0.03 0.41 <0.01 0.01 <0.01 <0.01 <0.01 

  KcO 98.7 0.250 176 0.17 0.43 <0.01 0.03 <0.01 0.01 <0.01 

  Section layers have been colour coded by their field characteristics: light blue shaded rows are 

pale and siliceous layers, tan shaded rows are yellowish-brown clays, pink shaded rows are light-

textured topsoil layers, and the maroon shaded rows is a suspected paleosol. Data expressed in 

%mass, except Zr which is expressed in ppm. 

 Concentrations of macro-element metal oxides (Al2O2, Fe2O3, MnO, MgO, K2O) are higher in 

the yellowish-brown clay layers with the exception of TiO2, which is more concentrated in the pale 

silica rich layers and MJ 70-100, and CaO which is extremely low in all horizons  (Table 8)). Titanium 

oxide and Zirconium are typically found in resistant minerals like illminite and zircon (Horne et al., 

2016) and both are higher in the pale layers, topsoil (0 – 30 cm) and paleosol (Table 8). SiO2 is much 

higher in the pale layers, as would be expected by their siliceous nature (Figure 20), but is also high 

in the topsoil (0 – 30 cm). P2O5 is higher in the yellow layers and topsoils. 

 The possible source or provenance materials at sites SiQ and KcO are extremely siliceous and 

contain low concentrations of everything but silica (Table 8). Their silt – sand fraction particles were 

observed to be angular to sub-angular quartz and sub-angular silcrete (data not shown). 
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Figure 20: %mass of Silica of different horizon groups at Mayne’s Junction and Styx Road. SiO2 

content of different horizon types has been averaged and compared. Only one sample of the Styx 

Rd pale layer (SRd 160-200), Styx Rd debris flow (SRd 250-300), and Mayne’s Junction paleosol 

were taken, so the statistical significance of the differences between the Styx Rd layer groups is 

unknown. 

 The brownish-yellow clay layers in Mayne’s Junction, which are thought to be Permian 

derived, had significantly lower average SiO2 content (65.0%) than the topsoil (81%) and each of the 

more siliceous pale layers (95%). The silica concentration of the two topsoil layers was not 

significantly different to the pale layers, however these layers  had different silica concentrations; 

73% for MJ 0 – 12 and 86% for MJ 12 – 30 (Table 8). 

 

Figure 21: Major elemental composition of Mayne’s Junction horizon groups. The horizon groups 

and samples sizes are as follows: “Pale” = 30 – 70 cm and 160 – 260 cm (4 samples), “Permian” = 

MJ 100 – 160 cm, and 310 – 400 cm (3 samples), “Topsoil” = 0 – 30 cm (2 samples), and “Paleosol” 

= 70 – 100 cm (1 sample). Letters indicate statistically significant differences between groups. The 

paleosol has a sample size of 1 and was therefore not included in statistical analysis, and question 

marks indicate that differences are not validated by statistics.  

 A large and significant difference in Al2O3 content exists between the topsoil and pale layers, 

and the yellowish-brown Permian derived clays and the suspected paleosol layer (Figure 21). 
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Titanium oxide concentration is significantly different between all statistically analysed layers, being 

highest in the pale layers and lowest in the brownish-yellow layers. The iron, magnesium and 

potassium oxide content of the pale layers and topsoil is significantly lower than the brownish-

yellow clays and suspected paleosol, with this layer being particularly iron rich (Figure 21). Calcium 

oxide levels are all extremely low and not significantly different between groups (Table 8). 

Table 9: Concentrations (%mass) of major elements in Styx Road profile. 

Horizons SiO2 TiO2 Zr (ppm) Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 
  SRd 0-20 64.94 0.675 217 15.9 5.83 0.036 1.61 0.03 0.6 3.09 0.12 

  SRd 20-45 65.7 0.675 211 15.8 5.24 0.032 1.75 0.03 0.8 3.25 0.11 

  SRd 45-55 68.1 0.682 234 15.2 4.99 0.051 1.52 0.03 0.7 3.09 0.10 

  SRd 55-65 66.2 0.674 220 15.6 5.31 0.033 1.70 0.04 0.7 3.27 0.10 

  SRd 65-80 69.3 0.628 247 14.7 4.90 0.038 1.12 0.03 0.3 2.52 0.08 

  SRd 80-100 69.5 0.612 246 14.3 4.73 0.036 1.25 0.03 0.5 2.62 0.08 

  SRd 100-105 69.9 0.629 240 14.5 4.91 0.037 1.04 0.03 0.3 2.46 0.09 

 
Horizons 

SRd 105-125 67.9 0.645 233 15.2 5.30 0.101 1.34 0.03 0.4 2.82 0.09 

 

Pale 

SRd 125-135 69.2 0.648 241 14.4 5.22 0.017 1.06 0.02 0.3 2.50 0.09 

 

Finer 

SRd 135-145 68.7 0.656 238 14.8 4.69 0.026 1.32 0.03 0.5 2.76 0.08 

 

Gravelly 

SRd 145-152 72.0 0.654 247 14.2 3.36 0.012 1.22 0.03 0.5 2.62 0.06 

 

Pale + Fe Pans 

SRd 152-157 67.8 0.651 232 15.1 4.96 0.022 1.42 0.03 0.5 2.84 0.08 

 

Alluvial 

SRd 157-160 72.2 0.640 262 12.8 5.07 0.012 1.09 0.03 0.4 2.40 0.08 

 

Debris Flow 

SRd 160--200 76.9 0.784 287 12.0 1.63 <0.01 0.82 0.01 0.1 2.02 0.03 

  SRd 200-220 64.7 0.663 246 15.1 7.79 0.038 1.17 0.01 0.2 2.55 0.06 

  SRd 220-250 67.3 0.638 233 15.1 5.26 0.016 1.38 0.02 0.2 2.88 0.08 

  SRd 250-300 62.3 0.609 225 14.0 11.1 0.097 1.39 0.02 0.4 2.80 0.12 

  

              Soil/sediment layers have been colour coded by their field identified characteristics: the light blue 

coloured row is the distinct fine, and pale coloured layer, the pink coloured row  is similar to the 

light blue coloured row but also contains iron pans, dark brown coloured rows are gravelly layers 

of Permian fragments, yellowish grey tan rows are the finer Permian derived layers, the dark blue 

rows are layers displaying strong alluvial characteristics, and the green row was identified as a 

debris flow deposit containing iron pans. The data is expressed in %mass. 

 The differences in elemental composition between layers at Styx Road are generally less 

dramatic than at Mayne’s Junction (Tables 8 & 9). However, as in the Mayne’s Junction section, 

concentrations of macro-element metal oxides (Al2O2, Fe2O3, MnO, MgO, K2O) and P2O5 are 

significantly higher in the yellow-brown layers relative to the pale layer (SRd 160-200) (Figure 22). 

Also SiO and TiO2 are relatively high in the pale layer (Figures 20 & 22), and P2O5 is significantly lower 

in the pale layer (Table 9). Sodium oxide is lowest between 160 - 250 cm in the profile which 

encompasses the pale layers and the Permian layer above the debris flow (Table 9). 
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Figure 22: Major elemental composition of Styx Road horizon groups. Major elemental 

composition of Styx Road horizon groups. The horizon groups and samples sizes are as follows: 

“Gravelly” = 0 – 105 cm (7 samples), “Alluvial” = 105 – 160 cm, “Pale” = 160 – 200 cm (1 sample), 

“Pale + Fe Pans” = 200 – 220 cm (1 sample), and 220 – 250 cm (7 samples), and “Debris Flow” = 250 

– 300 cm (1 sample). Letters indicate statistically significant differences between groups, and 

questions marks indicate were significant differences are unknown as layers with sample sizes of 

1, “Pale”, “Pale + Fe Pans”, and “Debris Flow”, were not included in statistical analyses. 

 The pale layer is lower in all elements except Titanium. Iron is the most variable element 

across the horizons groups in terms of concentration: SRd 250-300 and SRd 200-220 both contain 

iron pans and have higher iron contents than the other layers (Table 9). The “gravelly” and “alluvial” 

layers have very similar iron content and iron is relatively very low in the pale layer (Figure 21). 

 No statistically validated differences occur in Al2O3 content, however the Al2O3 content of 

the pale layer is low (Figure 22). Magnesium oxide concentrations are similar in all layers with the 

exception of the pale layer, where it is lower (Figure 22). Sodium concentration is statistically and 

considerably highest overall in the gravelly layer and lowest in the two types of pale layer (Figure 

22). 
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Discussion 
Mayne’s Junction 
 Mayne’s Junction is a complex sedimentary section composed of several distinct soil 

horizons and depositional layers. Several of these layers seem to have quite different provenance to 

the parent materials present at and upslope of the site, which in situ weathering alone cannot 

adequately explain. Its complex stratigraphy is interpreted as the interplay of Late Pleistocene 

climatic oscillations which caused changes in the depositional and soil forming environment at the 

site. 

 Provenance of Pale Siliceous Layers 

 The XRF and PSA data indicate that the Mayne’s Junction’s section consists of two distinct 

groups of materials, both of which carry distinctive chemical and physical signatures. The first group 

is composed of fine sandy - silty siliceous topsoil and pale coloured layers, and the second are the 

brownish-yellow silty-clay layers which are richer in aluminium and iron oxides (Figures 14 and 15, 

Table 6). 

 Because most of the brownish-yellow clayey layers contain plentiful Permian fragments, and 

the local Permian rocks are known to contain iron oxides which colour sediments with ochreous 

hues, it is concluded that the brownish-yellow layers are composed of weathered Permian soil-like 

materials. Conversely, because the local Permian strata are only moderately siliceous (Tables 8 and 

9), and fragments of Permian lithology are not found in the pale layers, and they are iron oxide poor 

(Table 8), it can be deduced that a separate and much more siliceous parent material must be 

responsible for these very highly siliceous silty and pale coloured layers. 

 No such sources are present up slope from Mayne’s Junction, ruling out colluvial or alluvial 

transport of the siliceous material from the local slopes. But outcrops of very highly siliceous 

Cambrian quartzites which have weathered to sands and silts are present in an up-wind position 

(Figure 2). The pale siliceous layers are dominated by sub-angular quartz sand and silt, (silt particles 

not examined) which is a typical particle size and mineralogy of aeolian transported sediment in SE 

Tasmania, as shown by Osok and Doyle (2004). The streams on the Quaternary floodplain to the 

north-west cut over some of these quartzite outcrops such as the Kallista Creek outcrop (Figure 2, 

KcO figure). In dry and windy glacial periods of the Pleistocene this exposed sandy floodplain could 

have been a source of siliceous sands and silts (Li et al., 2015). Indeed white sandy deposits are 

present in the Quaternary sediments on the southern side of the floodplain close to the study area 

(Figures 4 & 5). 

 However, a source somewhat more proximal to Mayne’s Junction is the silica deposits 

exposed in a modern quarry at site ‘SiQ’; a deeply weathered outcrop of Cambrian quartzite which is 

only 300 m upwind from Mayne’s Junction (Figure 2, SiQ figure). During Tasmania, glacial periods, 

winds were stronger and conditions drier and thus vegetation cover, particularly forests, was much 

reduced (Colhoun, 1999, Hill and Jordan, 1996). Under these conditions it is quite probable that 

quartz rich silty-fine sandy material blew from the SiQ deposit to the Mayne’s junction site. Indeed 

all three of the pale siliceous layers at Mayne’s Junction have been dated to Late Pleistocene 

stadials, i.e., periods within the glaciation which are the peaks of cool-dry conditions (Figure 13) 
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(McIntosh, 2012), supporting the hypothesis that they are most likely aeolian materials deposited 

during the windy, dry and cold-climate deposits. This finding is supported by past work indicating 

conditions in Tasmania were very cold, windy and dry around >52 Kya, 30 Kya and 19Kya (Colhoun, 

1999, Colhoun, 2002, Mackintosh et al., 2006, McIntosh et al., 2009, McIntosh et al., 2012, Sharples, 

1997). 

 The Mayne’s Junction topsoil is also siliceous (Table 8), and was observed to contain fine, 

white quartz sand and silt, similar to the pale layers deeper in the section. In particular MJ 12-30 is 

similar to the pale siliceous layers in almost every respect (Table 8, Figure 15), the only exception 

being that it contains more organic matter (Figure 12). It is highly siliceous (85.6%), contains no 

Permian gravels, little clay, and has a very similar particle size distribution to the other silty layers 

(Figure 15), suggesting that its primary provenance is also aeolian quartz sands. Given that MJ 12-30 

rests above MJ 30-70 it must be younger than 19.6 ka BP, therefore it is highly probable that it was 

deposited towards the end of the last glacial period (Davies, 2016, McIntosh et al., 2012). 

 Provenance of the Brownish-Yellow Clay Layers 

 Permian strata dominate the local area (Figure 2), and as mentioned earlier, their abundant 

iron oxides, and fine grained particles sizes also match several of the properties of the brownish-

yellow clay layers of Mayne’s Junction (Tables 6 & 8). This implies that these layers are derived from 

weathered Permian materials. 

 Contrastingly to the pale layers, the brownish yellow layers appear to be colluvial or alluvial 

deposits. In particular, MJ 125-160 has rounded fine gravels of Permian lithologies which clearly 

indicates that they originated from various Permian strata up slope, and were thus probably 

transported to the Mayne’s Junction section by water flowing down the present nearby stream 

channels (Figures 2 & 17). MJ 100-125 contains sub-angular to sub-rounded fine Permian gravels, 

also of multiple lithologies. As in MJ 125-160, the mix of gravels of differing lithology implies alluvial 

influence, but the reduced degree of rounding is not conducive to this theory and the fact that its 

gravels are matrix supported indicates that it is colluvial (Figure 7). Therefore the rounding is likely 

due to the sediment previously being an alluvial deposit which has then been subjected to mass 

movement down the slope, reworking it as a colluvial deposit. MJ 310-400 is clearly a colluvial 

deposit as its gravels are entirely angular yellow Permian siltstone. 

 MJ 70-100 is a silty-clay dominated layer composed of strongly structured brownish-yellow 

aggregates coated with organic matter, contains no Permian gravels and has a significantly higher 

total carbon and nitrogen content than surrounding layers (Figures 12, Table 6). The brownish-

yellow silty-clay of MJ 70-100 is identical to the other Permian derived layers and contains very 

similar concentrations of major elements, indicating that it formed from weathered Permian parent 

materials (Table 3, Figure 21). The absence of Permian fragments indicates that they may have 

weathered completely, and this would require extended warm and wet conditions to occur 

(Fernandes et al., 2016, Schaetzl, 2010). Despite some small spikes in temperature between 50 and 

30 Ka BP, conditions were still too cold overall for extensive weathering and soil formation (Colhoun, 

1977, Davies, 2016). Therefore it is likely that MJ 70-100 is a buried B2 horizon of a soil that formed 

between 20 – 31 ka BP on material derived from an older, interglacial period soil mantle (Butler, 

1982, Mahaney and Hancock, 2015, McIntosh et al., 2012). 
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Styx Road 
 Deep gravelly profiles containing flat sub-angular to sub-rounded fine gravels-grits such as 

the Deep Fine Gravels (DFG) are very common in the Styx Road area. These fine gravels - grits are 

composed entirely of Permian clasts and must be derived from a local upslope source. The abundant 

finely bedded gravels were likely supplied by the fretting of the local Permian siltstones and 

mudstones. These strata have been observed to spontaneously crumble into platy angular fragments 

after exposure from road construction (Figure 3). These fragments are both more angular and 

coarser than the similar but more rounded fragments observed within both the DFG and Styx Road 

sections. It is thus concluded that the Permian rocks have fretted into these fragments and have 

been washed down slope, forming the gravelly sediment deposits. 

 Indeed there is strong evidence that every layer of the Styx Road section has been strongly 

influenced by fluvial activity. This can be seen in the degree of rounding of the fine Permian gravels-

grits from all layers and the lensing of the layers between 65 and 160 cm in the profile. Furthermore 

the rounded grey siltstone fragments observed in many layers must have been transported from 

where they outcrop higher up the hill, as they do not occur at the Styx Road site (Figure 2). Notably 

there is also a confluence of small streams and drainage depressions in the area which would have 

supplied the stream sorted and rounded materials (Figure 2).  

 Because the fine grained Permian rocks surrounding the Styx Road site are prone to fretting 

on exposure (Figure 3), during glacial periods when conditions were cold and dry it is likely that 

increased erosion and reduction in vegetation cover (Calver, 2014, Hill and Jordan, 1996) would 

increase the rate of fretting. Any freeze-thaw activity would likely accelerate fretting even further. 

This would result in more gravelly sediments dating from glacial periods (McIntosh et al., 2012). This 

process possibly had a role in producing the gravelly deposits around Styx Road site, and these 

sections bear resemblance to other cold climate fan deposits in Tasmania (McIntosh et al., 2012, 

Sharples, 1997). If these gravelly sites are indeed cold climate deposits, their fine stratigraphy could 

provide tantalising details about the past climate of the region. However dating of these layers is 

very difficult due to their lack of charcoal and unsuitability for thermo-luminescence dating, and 

would be required for accurate interpretation. 

 SRd 160-200, the fine (silty clay) pale layer at Styx Rd, is different to the pale silty/sandy 

layers of Mayne’s Junction in that it is clay rich (38%) as well as silty. It is also less siliceous (76.9% 

silica) and contains much more metal oxides, notably aluminium (Figure 22). These different physical 

and chemical characteristics indicate that it is probably not primarily formed from the same type of 

aeolian derived siliceous fine sands and silts as the pale layers at Mayne’s Junction. As the only dated 

layer in the Styx Road section (35 ± 0.508 Ka BP), understanding the formation of SRd 160-200 is the 

only opportunity to assign a specific date to the climatic history of the section. 

 Styx Road Fine Pale Layer Provenance 

 It is likely that the silty-clay pale layer, SRd 160-200, and SRd 200-220 are composed of the 

same sediment type. Indeed they were only originally divided because SRd 200-220 contains much 

more iron oxide, including visible ferricrete pans (iron pans). The particle size distributions of the 

two layers are near identical (Figure 17), and they possess the same weakly developed very coarse 
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structure. In particular, the matching particle size distributions indicate a very similar mode of 

deposition for both layers. 

 Given that the Styx road section is surrounded by Permian lithologies (Figure 2), and that 

highly siliceous aeolian sand-silts from the quartzite sources close to Mayne’s Junction can been 

eliminated as a potential dominant parent material, it would seem that Permian derived materials 

are more likely to be the parent materials for both SRd 160-200 and SRd 200-220. This is supported 

by the XRF results which show similar concentrations of metal oxides in the fine layers to the other 

clearly Permian derived layers in the profile (Table 9), and the PSA results indicating high clay 

content (Table 7). Therefore the differences between the layers in the Styx Road section are likely to  

be due to differing soil forming conditions and depositional processes imposed on the local Permian 

strata during and/or after deposition, rather than differences in the primary parent materials 

characteristics seen at Styx’s Road (Schaetzl, 2010). 

 The iron contents of the two fine layers are very different. As would be expected by the 

presence of iron pans seen in SRd 200-220 contains around four times as much iron oxide as SRd 

160-200 (Table 9). The presence of this iron oxide concentration below SRd 160-200 indicates that 

iron was leaching out of the upper fine layer (SRd 160-200). This suggests that the conditions were 

wet and anaerobic in the upper fine layer (SRd 160-200), allowing iron to be reduced to more soluble 

forms, dissolved and moved downward to be deposited where it encounters more aerobic 

conditions (Schaetzl, 2010). Both the SRd 160-200 and SRd 200-220 layers also differ from the rest of 

the section due to their complete lack of Permian fine gravels. Given that the parent material of 

these layers is almost certainly the same as the rest of the section this is a striking difference. 

 These fine layers probably formed as a lake or swamp bed, into which fine silty and clay 

sediments were either blown or washed into, or indeed some combination of the two, and then 

settled out in the quiescent and water-logged environment. Indeed SRd 160-220’s particle size 

distribution has a distinct pulse at 20 μm particles (Figure 18) hinting at processes depositing highly 

sorted silt. The low iron oxide levels of SRd 160-200 and high iron oxide levels of SRd 200-220 is 

explained by waterlogged conditions under the lake’s fine sediment causing iron oxide to become 

reduced, more soluble and  leach out of SRd 160-200, moving downward into the underlying layer 

SRd 200-220, and forming the series of thin iron pans (Table 9).  The lack of fine gravels of Permian 

lithologies would be consistent with sediments deposited in a quiescent lake, as only fine sediments 

such as silt and clay would be suspended long enough to reach the centre. 

The lake bed hypothesis is also supported by the presence of what appears to be a debris flow 

deposit below these pale coloured silty-clay layers.  This is composed of fine clays with very coarse 

and sub-angular to angular stones and boulders floating in the fine matrix, typical characteristics of 

debris flow deposits (Schildgen et al., 2016, Summerfield, 1991). Such a material and the 

catastrophic events leading to its formation on the slopes may have led to a blockage of some of the 

local streams forming temporary ponds and lakes in the side-valleys. The temperature between 30 

and 60 Ka BP was also particularly unstable with several short term spikes into slightly warmer 

conditions around 35 Ka BP (Figure 1), the estimated age of SRd 160-200 (Davies, 2016, McIntosh, 

2012). These temperature spikes could provide the necessary rainfall for a lake or swamp 

environment to be maintained long enough for the lake bed to form. However, Tasmanian literature 
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relating to climatic conditions beyond 30 Ka BP is patchy and rarely conclusive making it difficult to 

support this conclusion with other’s work. 

Conclusions 
 The Mayne’s Junction section contains a wealth of important information regarding 

Southern Tasmania’s Late Pleistocene climate changes with four layers (MJ 30-70, MJ 70-100, MJ 

160-220 and MJ 31.5 Ka, see Figure 14) that can be directly linked to climatic and subsequent 

environmental changes. The ages of layers within the section indicate cold, windy conditions with 

poor vegetation cover occurred at 19.6 Ka BP, 31.5 Ka BP and >52.8 Ka BP (Figure 14). 

 The MJ 70-100 paleosol indicates that at least one an inter-stadial, a somewhat warmer and 

probably wetter period, occurred somewhere between 20 Ka BP and 31 Ka BP. This increased 

vegetation cover and improved slope stability enough to allow the paleosol to form, despite the 

prevailing cold-dry conditions of the last glaciation (Calver, 2014, Colhoun, 1999, McIntosh et al., 

2012). The Styx Road lake bed deposit also seems to have formed under wetter-warmer conditions 

than is typical of a glacial period at around 35 Ka BP (Figure 8) (McIntosh, 2012). Thus the MJ 70-100 

paleosol and the Styx Road lake bed are indicative of temperature variability within the otherwise 

cold and dry conditions of the last glaciation (Figure 1). However the general trend in temperature 

during the glacial periods between 100 - 12 Ka BP was of cold-dry conditions predominating, and the 

short warmer-wetter periods (inter-stadials) are believed to have been brief and so represent only 

minor soil and sediment formations (Figure 1) (Davies, 2016, Petit et al., 1999). 

 Mayne’s Junction and Styx Road appear to have little in common regarding soil forming and 

sediment deposition processes, with alluvial processes being dominant at Styx Road and a mix of 

aeolian, alluvial and colluvial processes displayed at Mayne’s Junction.  The lack of aeolian quartz 

sand deposits similar to Mayne’s Junction at Styx Road suggests that aeolian transport of these fine 

sands and silts is only over short distances, which is expected due to its silty/fine sandy particle size 

(Kok et al., 2012). Therefore it is concluded that the quartz sands and silts of the Quaternary 

floodplain had limited influence on the formation of the Mayne’s Junction white layers, and the 

much closer SiQ site was the main source area (Figure 2). 

 The brownish-yellow silty clay layers are composed of moderately to strongly weathered 

Permian material, and the glacial period conditions during the formation of the Mayne’s Junction 

section were probably too cold and dry to produce this degree of weathering. Therefore the 

significant weathering of this material must have occurred during the last interglacial which ended 

around 105 ka BP (Figure 1), prior to its re-deposition as hillslope colluvial layers at Mayne’s Junction 

(Davies, 2016, Petit et al., 1999). Therefore the brownish-yellow clay layers are believed  to be re-

worked remnants of an older soil mantle formed during the last inter-glaciation (Butler, 1982). 

Future Study 
 Wider study of the Styx and Tyenna Valley area could test and expand on the conclusions 

and predictions derived from this study. For example, searching for siliceous aeolian layers with 

increasing distance from the SiQ site would test and evaluate the conclusion of short distance 

aeolian transport of siliceous fines from the area. Also, the Styx Road section and the other finely 

stratified gravelly deposits nearby are probably relict cold climate deposits, and require dating for 
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their comprehensive understanding. Further studies aimed at dating these sections could confirm 

this and would be likely to uncover more information regarding the climatic oscillations of the Late 

Pleistocene. 

 The extremely low calcium content of all layers in the studied sections (Tables 9 & 8) is 

highly unusual for such heavily forested soils, as calcium is a critical plant macronutrient. A study 

investigating how the trees are growing in such a calcium starved environment could yield some 

interesting results regarding plant physiology and soil rhizosphere interactions. Indeed the very low 

calcium levels suggest both an intense weathering period, such as the last inter-glaciation, and 

generally low calcium parent materials or source rocks e.g. Permian strata and quartz rich 

lithologies. XRF analysis of Permian strata around Tasmania could investigate this inference. 

Limitations 
 The levels of sediment rounding and lithology of fragments  recorded during the PSA analysis 

assessment have not been presented due to their informal nature, i.e. as notes on sediment 

character rather than as specific grain counts and rounding assessment.  X-ray diffraction was 

undertaken to cover the lithology and mineralogy but this full analysis has not yet been completed 

due to software licence issue and timeframes. 

 The date of >52.8 Ka BP of MJ 160-220 is close to the maximum limit for AMS radiocarbon 

dating capability. A more accurate date for this layer would provide a more precise estimate of when 

the cold-dry and windy period that produced the layer occurred. 

 Replication in sampling for XRF would have provided more statistical validation of the 

results. 
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