
Loess and floods: late Pleistocene fine-grained 
valley-fill deposits in the Flinders Ranges, 

South Australia 

 
(excerpt from Hans Heysen 1929: “Foothill of the Flinders”, Morgan Thomas Bequest Fund 1939) 

 

David Haberlah 
 

Geology and Geophysics 
School of Earth and Environmental Sciences 

The University of Adelaide 
 

This thesis is submitted in fulfilment of the 
requirements for the degree of Doctor of Philosophy 

in the Faculty of Science, University of Adelaide 
 
 

August 2009 



I 

Contents 

Contents ..................................................................................................................... I 

Thesis abstract ........................................................................................................ IV 

Thesis declaration ........................................................................................................ V 

Co-author contributions declaration .............................................................................. VII 

Acknowledgments ........................................................................................................ X 

1. Introduction ........................................................................................................ 1 

1.1 A review of the last deglacial response in South Australia  .......................... 3 

1.2 Depositional models of late Pleistocene fine-grained valley-fill formations in the 

 Finders Ranges, South Australia ................................................................. 31 

1.3 A call for Australian loess .............................................................................. 41 

1.4 Response to Smalley’s discussion of ‘A call for Australian loess’ .......................... 51 

2. Methods ..................................................................................................................... 55 

2.1 Optically Stimulated Luminescence dating .................................................... 57 

2.2 Accelerator Mass Spectrometry radiocarbon dating ....................................... 73 

2.3 Particle-Size Analysis ........................................................................................... 83 

Quantifying particle aggregation in fluvial sediments ....................................... 87 

3. Results and Discussion ........................................................................................... 101 

3.1 ‘Of droughts and flooding rains’*: an alluvial loess record from central South  

 Australia spanning the last glacial cycle  .................................................... 103 

3.2 Loess and floods: high-resolution multi-proxy data of Last Glacial Maximum  

 (LGM) slackwater deposition in the Flinders Ranges, semi-arid South Australia  151 

4. Conclusions and Outlook ........................................................................................... 201 

5. Appendices ..................................................................................................................... 207 

5.1 Instructions ........................................................................................................ 208 

5.2 Methods ........................................................................................................ 209 

5.2.1 Dose Rate, Equivalent Dose and OSL Age calculation Table ............. 211 

5.2.1.1 Cosmic Ray Dose Rate contribution Table ....................................... 221 

5.2.1.2 Dose Rate calculation with AGE99 software Protocol .......................... 223 

5.2.1.3 Thick Source Alpha Counting (TSAC) Protocol  .......................... 225 

5.2.1.4 XRF sample preparation Protocol .................................................... 227 

5.2.1.5 U and Th contents TSAC conversion Table ....................................... 229 



II 

5.2.1.6 XRF results Table .............................................................................. 231 

5.2.1.7 Manual De-value selection using Analyst 3.22™ and Radial Plot 1.3™ 

Documentation .............................................................................. 233 

5.2.1.8 Equivalent Dose sample preparation Protocol  .......................... 243 

5.2.1.9 Finite Mixture Model OSL data Table  ....................................... 245 

5.2.2 Flinders Silts Age Sheet  ................................................................. 249 

5.2.3 Haberlah and McTainsh (manuscript) Supplementary Data ............. 253 

5.2.3.1 Particle-Sizing Protocol ................................................................. 273 

5.2.3.2 Component Population Analysis Protocol ....................................... 277 

5.3 Haberlah et al. 2009 (QSR manuscript) Supplementary Data .......................... 281 

5.4 Conference Abstracts  .............................................................................. 301 

5.4.1 A terminal Last Glacial Maximum (LGM) loess-derived palaeoflood record 

from South Australia? .............................................................................. 303 

5.4.2 The Flinders Silts: a last glacial alluvial loess record from South Australia  305 

5.4.3 Dust fingerprinting in regolith: an integrated high-resolution parametric 

particle-size analysis quantitative spectral mineralogy approach ............. 307 

5.4.4 Last glacial dust cycles in South Australia: employing advanced 

Automated Mineralogy and sediment-size analyses in the study of  

provenance, transport and depositional palaeo-environments ............. 309 



III 



IV 

Thesis abstract 

Terrace remnants of late Pleistocene fine-grained valley-fills, at present eroded by ephemeral 

traction-load streams, are reported from many semi-arid and arid parts of the world. While they 

present promising palaeo-environmental archives for recent geological times such as the Last Glacial 

Maximum (LGM) for which few other terrestrial depositional records exist, their poorly understood 

nature has limited their significance. This study examines the fine-grained valley-fill deposits from 

the Flinders Ranges in South Australia, here called Flinders Silts. It establishes the timing, mode and 

environmental controls of deposition as opposed to their advancing erosion under the current 

climate. A regional chronostratigraphy based on 124 numerical dates is discussed, of which 43 

radiocarbon and 22 luminescence ages were obtained from 12 sections across three major 

catchments within the scope of this thesis. Regionally significant intervals of rapid aggradation, 

relative surface stability and erosion are established. Regional climatic controls are differentiated 

from intrinsic catchment- and site-specific effects on the system. Further, individual age proxies and 

age models are critically assessed in how far they reflect depositional events. The final aggradational 

interval bracketing the extended LGM is discussed in detail on a continuous layered to laminated 

stratigraphic sequence. The provenance question of the fine-grained sediments and the depositional 

environment of the Flinders Silts are further addressed by high-resolution particle-size analysis. In 

order to study the subtle variations within the fine-grained partially-aggregated material, an original 

parametric sediment-sizing approach is employed. Finally, a range of traditional and emerging 

analytical techniques are applied to improve our understanding of palaeo-environments promoting 

aggradation. In conclusion, arid intervals throughout the last glacial cycle resulted in significant 

quantities of proximal dust being deposited as loess mantles within the catchments of the Flinders 

Ranges, acting as a near-longitudinal dust trap in the centre of the late Pleistocene “dust bowl”. The 

fine-grained aeolian accessions were repeatedly eroded by low-frequency high-magnitude 

precipitation events and redistributed as loess-derived alluvium, congesting narrow gorges and 

raising the base level for tributaries. Locally, backflooding resulted in the aggradation of layered to 

laminated slackwater deposits, the most continuous recording at least 12 large and numerous 

smaller flood events between 24 ka and 18 ka. The synchronous termination of the Flinders Silts 

coincides with early Deglacial climatic amelioration. The re-establishment of a perennial plant cover 

stabilising both dune fields and slope mantes is discussed as a potential scenario that would have 

discontinued dust supply to the fluvial system, in turn promoting incision and erosion. The studied 

aeolian-fluvial interplay of loess and floods has large implications for our understanding of landscape 

evolution in semi-arid Australia. 
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