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1 Introduction 
 

Understanding the associations between the land surface and underlying resources is a 

major challenge in continents such as Australia, which have been exposed to extensive 

periods of weathering and where vast regions are covered by thick regolith. Biota, in 

particular those with subsurface roots or burrows, have the potential to provide a link 

between the buried geology and the surficial environment (Aspandiar, 2006; Dunn, 

2007). Little is known about the impacts that soil organisms such as mound-building 

termites, have on the pedogenic development and landscape evolution of these regions, 

and therefore their interactions and relationships with the land surface and the 

subsurface. Previous studies related to the bioturbative activities of termites have been 

based on their entomological or ecological aspects. This research project instead 

proposes to use a multi-disciplinary approach, within the particular context of regolith 

geology, to examine the complex relationship between termites, the regolith and the 

landscape. 

 

A prominent feature of the northern Australian landscape is the profuse display of 

termite mounds, or termitaria,, which spread in all shapes and sizes across the savanna 

plains and rolling hills. These termitaria represent an interface or linkage between the 

subsurface and surface environments through the use of materials derived from 

transported as well as in situ regolith. Termites are especially proficient at turning over 

and shifting sediment through the upper part of the regolith, a zone known as the 

pedolith, and up to the ground surface. The termites’ nest construction methods and 

materials and the variable distribution of species have created much scientific interest in 

agricultural and ecological fields of study. The possible implications of termitaria 

distribution and particle selection for regolith evolution and mineral exploration are the 

focus of this research project.  

 

Described often as ‘unconsolidated material’ by authors including Merrill (1896, as 

stated in Taylor & Eggleton, 2001), Ollier & Pain (1996), and Jackson (1997), regolith 

is a much more complicated component  of the Australian continent’s landscape than is 

sometimes recognised by scientists in the Northern Hemisphere.  In Australia, the 

regolith can be as old as the Palaeozoic (Pillans et al., 2002), suggesting that a much 
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more robust definition of this crucial element is required. Taylor & Eggleton (2001) 

define regolith as: 

..all the continental lithospheric materials above fresh bedrock and including fresh 

rocks where these are interbedded with or enclosed by unconsolidated or weathered 

rock materials. Regolith materials can be of any age.  

 

Empirical regolith studies for mineral exploration in Australia have largely focused on 

using specific geochemical sampling media from the landscape to host an expression of 

buried mineralisation. Carbonates or ferruginous materials have been successfully used 

as geochemical sampling media, and have been shown to host geochemical expressions 

of buried mineralisation across many parts of Australia (Taylor & Eggleton, 2001). 

More recently, Australian vegetation has been shown to consistently provide 

biogeochemical expressions of buried mineralisation in the form of surface plant organs 

that can be conveniently sampled in mineral exploration programs (Cohen et al, 1987; 

Hill & Hill, 2003; Hill, 2004; Anand et al., 2005; Reid et al., 2008).  The links between 

fauna and the underlying substrate, however, are much less obvious and the potential 

applications of fauna for mineral exploration through transported cover are much less 

understood.   

 

Organisms such as termites have direct associations with the pedolith, and research into 

their burrowing behaviour shows the recycling of buried materials from depth to the 

land surface. However, their biogeochemical characteristics and the nature of their 

expression of buried mineralisation are to date poorly defined, with reports of termites 

as geochemical dispersion agents are minimal in Australia and not well recognized 

(unlike in Africa). This research branches from a collaboration project between 

exploration companies and universities, and is described in greater detail in Petts et al. 

(2008a), and Petts et al (2008b). 

 

The geochemical implications of this work are numerous, involving the cycling of 

nutrients and regolith materials by termites and the dispersion of these materials across 

the landscape.  The construction of mounds above ground and the recognition of mound 

residuals allow the sampling of the geochemical materials without the need for drilling 

and with much better certainty than soil sampling.  From this research it may be 

concluded that surface attributes (such as lag, vegetation, termite mounds) are positively 
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linked to the underlying regolith (through the groundwater-vegetation-soil / organisms-

soil -gas cycles) in the Tanami region of northern Australia.  

 

Aims and approach of this study 

The broad aims of this study are: 

Aim 1: To develop a model for the relationships between termites and underlying 

substrate within a landscape context 

Aim 2: To draw implications from this study that will develop a robust approach to 

mineral exploration through transported regolith. 

The outcomes of these aims will be summarised within chapters 6 and 7, which will 

discuss the creation of the pedolith through the bioturbative actions of termites, and the 

development of surface anomalies through the construction and subsequent erosion of 

termitaria. A glossary of terms relevant to this research project is included in Appendix 

A. 

 

The three case studies conducted in northern Australia, reported and discussed in 

chapters 3 - 5, will provide tested and validated processes that may be adopted for 

future study programs. The more specific aims of this include: 

Aim 3: To explore the regolith-landform context and associations with termitaria at 

sites with termite colonies overlying buried mineralisation 

Aim 4: To define the multi-element biogeochemistry of termitaria, particularly in 

relation to buried mineralisation. 

 

The layout for this research thesis aims to first introduce the previous literature, before 

summarising the research methods and then specifically addressing each study setting. 

This is achieved by discussing regolith-landform and termitaria mapping results,  and 

chemical results for termitaria and chaff, before a summary and conclusion brings 

together the research findings thus: 

 Aim 2 includes the discussion of results (chapter 6)  

 Aim 2 includes the discussion of results (chapter 7) 

 Aim 3 will be addressed within chapters 3–5, which include regolith-landform 

mapping and termitaria mapping results (covered initially at each of the study 

sites) 
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 Aim 4 will be addressed using the chemical results for termitaria and chaff at the 

study sites (chapters 3-5). 

 

After outlining the general methods used in this study (chapter 2), the results for this 

thesis are arranged in chapters according to three main study sites from northern 

Australia: 

 Chapter 3:  Coyote Au-deposit, western Tanami, Western Australia 

 Chapter 4:  Titania Au-prospect, eastern Tanami, Northern Territory  

 Chapter 5:  Pine Creek Orogen, Northern Territory. 

 

Each of these study sites contains a landscape widely colonised by mound-building 

termites overlying buried mineralisation.  The main mineralisation commodity is Au, 

but trace elements (in particular pathfinder elements) associated with mineralisation are 

also considered. 

 

These results are then synthesised and discussed through the development of a model 

for the relationships between termites and underlying substrate within a landscape 

context (Chapter 6), which meets the objectives of Aim 3, and also through the 

development of a robust approach for using termites in programs for mineral 

exploration through transported regolith (also Chapter 6). This also meets the objectives 

of Aim 4.  The conclusion (Chapter 7) highlights the main achievements of this study as 

well as identifying areas for further research.  

 

Termites, termitaria and the regolith: a review 

1.1.1 Introduction 

Termites belong to the order Isoptera, and are social insects that play a critical role in 

the regulation of soil processes, in soil structure formation and the promotion of 

biodiversity in Australia’s tropical north (Krishna & Wessner, 1969).  There are over 

2,573 validly named termite species in 285 genera worldwide (Milner et al. 2003).  In 

Australia alone there are at least 153 described termite species, from four families and 

26 genera (Aspenberg-Traun & Perry, 1998).  Most of these thrive in Australia’s 

tropics, including the tropical savanna spreading from Western Australia to northeast 

Queensland.  Hill (1942), Watson & Abbey (1993), and Aspenberg-Traun & Perry 
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(1998) offer a detailed summary of termite taxonomy, which has been consulted for this 

summary.  Termitidae is the largest family of termites, with 25 genera and 266 species 

in Australia, many of which are still undescribed (Watson & Perry, 2003).   

 

The body morphology of termites is simple, indicating that they diverged very early in 

the evolution of insects from a generalised insect ancestor; they undergo a gradual 

metamorphosis and have the ability to fold their wings flat over their backs (Milner, 

2003).  Termites exhibit advanced social behaviours, based on their various 

morphological forms or castes, which facilitate division of labour and perform various 

biological functions. Like ants, wasps and bees, termites are social insects that thrive in 

a social community or colony; they are also bisexual within their castes, unlike the 

hymenopteran social insects (Krishna & Wessner, 1969). 

 

Brood care takes place within the social community or colony, where some offspring 

diverge from normal development to take on the role of various castes.  The opportunity 

to have branching developmental pathways is called polymorphic development.  The 

termite family is also described as monogamous, and is noted by Krishna & Wessner to 

be one of the most monogamous, socially advanced, family-based species on earth.  The 

evolutionary outcome of this commitment is a large and integrated family, which 

consists of four basic castes: workers, soldiers, immature individuals and reproductives 

(Krishna & Wessner, 1969). 

 

The functional reproductives are of two kinds, primary and supplementary.  The king 

and queen are the primary reproductives and usually form from winged adults (alates).  

The supplementary reproductives are usually less mature.  In a colony there is usually 

only one pair of primary reproductives, but when they die they may be replaced by 

numerous supplementary reproductives.  The reproductive caste also distributes the 

species by swarming or colonising flights, when the newly hatched reproductive 

termites leave the nest to start a new colony. Once paired up, the new reproductive pair 

survey the colony, excavate the first galleries, and feed the first young in a new colony 

(Abe, 2000). 
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1.1.2 Pedolith modification and termites 

In order to understand the biotic processes, such as termite activities, involved in 

pedolith modification, a brief introduction to regolith terminology and classification of a 

regolith profile is essential. The regolith terminology used within this project is 

explained in the Glossary (Appendix A). Regolith classification and terminology, as 

described by Robertson & Butt (1997), is described in this chapter. A contemporary 

definition of a typical regolith profile, modified from Taylor & Eggleton (2003) and 

Aspandiar & Roach (2006) as a figure (Figure 1.1) which outlines the main regolith 

terms, including transported sediments within the upper pedolith. Using Robertson & 

Butt’s classification, a typical regolith profile consists of two major components, the 

saprolith and the pedolith, as distinguished by their fabrics: the saprolith retains the 

arrangement of the crystals and grains of the primary minerals. The base of the saprolith 

is in contact with fresh rock, defining the base of the regolith.  

 

Above the saprolith is the pedolith, defined as ‘the upper part of the regolith in which 

the fabric of the parent material has been destroyed by one or more pedological 

processes, including non-isovolumetric weathering or soil formation and/or the 

development of new fabrics (Robertson & Butt, 1997).  A similar description is given 

by Taylor & Eggleton (2001), where the pedolith is affected by pedogenic processes. 

Within the pedolith there are a number of horizons often referred to as ‘zones’. These 

may include the ‘pallid zone’, where Fe has been depleted so that the colour of the 

region is white compared to nearby materials, or ‘collapsed saprolite’ where the 

remnants of saprolite have undergone compaction. 

 

Bioturbation is noted by Taylor & Eggleton (2001) as a common cause of saprolite 

collapse, and the proximity of most of the biological activity to the top of regolith 

profiles is typically cited as the main reason why saprolite collapse occurs within the 

pedolith.  Common forms of bioturbation are caused by the activity of fauna inhabiting 

the regolith, including ants, lizards, termites and worms. Ollier & Pain (1996) 

acknowledge the process of biotic weathering in the breakdown of rocks and the 

formation of soils. Plants, animals and bacteria are discussed as extremely important in 

assisting, or promoting, the disintegration of rocks and minerals as well as processing 

soil material. Ollier & Pain also note that whilst termites are active in the upper portion 

of the regolith profile, their ability to carry particles 1mm or less in size, means that 
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coarser material accumulates in the lower pedolith profile and finer grained materials 

are abundant at the ground surface. Whilst termites are ‘sorters’, using the definitions of 

Ollier & Pain, many other soil organisms are able to mix material in the upper regolith 

profile. Micro-organisms such as bacteria may be more effective throughout the entire 

regolith profile, due to their adaptability to all conditions, and are an important 

influence on chemical weathering and precipitation of metals (Ollier & Pain, 1996; 

Reith et al, 2006).  

 

 
Figure 1.1 Typical regolith profile (Modified from Taylor & Eggleton, 2003 and Roach & 
Aspandiar, 2006) 
 

The integration of bioturbation by soil biota into landscape evolution models has mainly 

been advanced by soil scientists, with models based mainly on soil-based processes. 

Paton et al. (1995) describe the processes of soil formation, and the resulting soil 

minerals, in their discussion of soils. Within this model, one group of processes deals 

with the alteration, weathering and leaching of primary materials (and the formation of 

new minerals). The second group of processes concerns the lateral movement of 

material across the earth’s surfaces, involving detachment, transport, sorting and 

deposition. Fauna, in particular, are responsible for the latter group of processes in this 

model; however, the role of termites is only briefly discussed. A concept absent from 
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these models is the driving down of the pedoplasmation front (i.e. the front between the 

saprolith and the pedolith) to greater depths due to biotic processes. The uppermost 

pedolith is therefore divided into the biomantle zone, where materials are constantly 

mixed. Materials below the biomantle therefore undergoes less mechanical movement, 

and is subject to more chemical reactions. 

 

Modification of the pedolith through the foraging and nest-building activities of termites 

has been noted in geological studies as early as Drummond (1884-1885, as noted by 

Paton et al 1995). Andersen & Wood (1984) discuss the composition of mounds and 

soil modification by soil-feeding termites in particular.  Mound-building termites are 

particularly efficient at excavating, transporting and depositing pedolith materials from 

the lower part of the pedolith profile to the surface.  In Tanzania, Milne (1947, as noted 

in Taylor & Eggleton, 1997) reports termite activity to have produced the upper layer of 

the regolith on slopes. Rates of movement vary depending on the species, but amounts 

of surface accumulation have been estimated in the Northern Territory at 0.0125 

mm/year (Williams, 1968), 0.10 mm/year (Lee &Wood, 1971), and in Africa to be 

0.025 mm/year (Nye, 1955) in a study on soil-forming processes in tropical regions. 

Paton et al. report termite turnover as ranging from 0.02 to 5.9 t/ha per year. This 

movement of material is definitely significant in a time frame of thousands to millions 

of years, adding material that is often selectively collected by termites based on building 

preferences. The observation made by Taylor & Eggleton (2001) that possible termite 

palaeo-galleries have been observed up to 30 m in depth at Coober Pedy, and that in 

northern Australia these same galleries are common to the dry season water table (also 

varying in depth up to 30 m) also affirms that termites play a vital role in transporting 

geochemical signatures and and physical materials from depth to the surface. 

 

Termites have been known to show some degree of selectivity depending on particle 

size (Paton et al, 1995). Pedolith development is very much influenced by termite 

behaviour, as summarised by Bignell & Eggleton (2000). ‘The most obvious role of 

termites in ecosystems is decomposition, and determining specific pathways for the 

subsequent humidification and mineralisation of residual materials.’ Termite structures 

and bioturbation also affect the physical and chemical properties of soil, through the 

construction of mounds, gathering of pellets and creation of gallery walls (Lee & Wood, 

1971; Wood, 1988; Lobry de Bruyn & Conacher, 1990; Bignell & Eggleton, 2000).  
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Termite activity has a significant role in the development of stonelines or buried gravels 

(Williams, 1968). These layers are believed to form as a consequence of the transport of 

fine materials to the surface for mound and surface sheeting construction (Trapnell & 

Webster, 1986). There is data that suggests that termites generally show some degree of 

selection of the size fractions; however, this is seldom consistent within the termite 

population (Wood & Lee, 1971).  This is an important consideration if termite mound 

data is to be used to classify the substrata/transported sediments.  Obviously, the size of 

the termite mound is important in determining the maximum size of the particles being 

transported (Wood & Lee, 1971).  In this instance, then, angularity and particle type are 

the most important indicators of the subsurface regolith. 

 

The subsurface galleries of termites have been shown to modify the regolith profile, as 

these tunnels and galleries radiate from mounds for several metres from the main nest, 

enabling the termites to forage for materials such as grass and leaf litter. In soil studies 

in Mali, an extensive layer of holes 5 to 20 cm thick in the lateritic profile were revealed 

and attributed to termite excavations above the water table (Weisner, 1990). The 

tunnelling of termites is mainly concentrated near the soil surface, but may also occur 

much deeper in the regolith profile with significant effects on soil profile morphology 

and water movement. Termites also modify the physical properties of soil, by repacking 

it and adding organic material derived from fecal and salivary glands during the 

construction of mounds and galleries (Holt, 1998), as shown in Figure 1.2. Bignell & 

Eggleton (2000) discuss the generally distinctive properties of termite mounds 

compared with the surrounding soils, including the hydraulic conductivity of soils; 

water infiltration has been proven to be more copious in soils populated by termites 

with subterranean galleries.   
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Figure 1.2 Model of soil modification due to the bioturbative activities of termites (From Holt, 
1998) 
 

That the bioturbative activity of termites in the regolith is a contributing factor to the 

formation of lateritic profiles was first proposed by Nazaroff (1931, in Krishna & 

Wessner, 1969). Holt, Coventry & Sinclair (1980) have attributed the development of 

ferrisols in northern Queensland to the bioturbative actions of termites. Evidence for the 

formation of lateritic profiles through termite activity has been reviewed by Tardy & 

Roquin (1992) who suggest that the abundance of termite mounds on ferricretic 

plateaux contributes to an overall upward movement of saprolitic material, and 

erosional redistribution of surficial material which resembles the underlying mottled 

zone. This surface horizon is also modified by the downward movement of materials 

through the termite mound galleries and chambers, including surface water. This 

migration of surface water and most importantly, air, contributes to the oxidation of 

these materials and subsequent induration. A contentious issue may be the link between 

surficial indurated materials such as ferricretes, and the aerated, moist burrows and 

galleries created by soil organisms such as termites, especially in tropical terrains. 

 

The development of a mineral horizon affected by termite activity was observed by 

Williams (1968) at Brock’s Creek, N.T. This study contributed significantly to the 

understanding of the rates of soil profile modification by termites. These rates of soil 

accumulation did not always indicate a greater depth of penetration by termites, as 

Williams also noted that the soil surface might not also increase upward as more 

sediment accumulates. In Namibia, the presence of kimberlite indicator minerals 
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(KIMs) at surface and in termite mounds suggests that over thousands of years, termite 

activity has brought these KIMs to the surface due to ongoing soil profile mixing 

(Watson, 1979; McClenaghan, 2005). In some parts of Australia, evidence from single 

grain luminescence dating suggests that termites may only be active in the upper 60 to 

80 cm of the soil B horizon (Pillans et al. 2002). However, clay minerals such as illite 

have been reported in much higher proportions in mounds than in the surrounding soils 

(Boyer, 1975) lending support to the argument  that the clay minerals found in termite 

mounds are mostly derived from deeper parts of the soil profile. 

 

A later model for pedolith development is advocated by Johnson et al. (1996), who 

examined the integral role of subsurface as well as surface bioturbators on the 

development of ‘mineral horizons’ within the residual-mass transport biomantle. The 

model ties together many of the concepts advocated by Humphries (1985), and Paton et 

al. (1995). For example, the constant eluvial processes, which remove fine materials 

from the A and B horizons, and the high aeolian component of most soil horizons in 

northern Australia,  

(especially in the Tanami region), creates an eluvial horizon with stone lines in lower 

parts. The high clay content required for most termitaria means that termites must be 

active at least up to the pedoplasmation front. 

 

Johnson (2002) and Johnson et al. (2005) used the earth’s surface through time as an 

example of the intrinsic role that soil biota (including plants and invertebrates) have in 

the modification of landscapes, and even in mediating geomorphic processes. The 

homogenization of a biomantle may take hundreds to thousands of years, depending on 

rates of nest erosion and population flux. Since fossiliferous termite mounds have been 

dated to the Tertiary (Humphreys, 2004) in northern Australia, termites have almost 

certainly played a vital role in the development of soil horizons in northern Australia, in 

a similar fashion to many other termite-populated continents of the world. The vital 

functions of termite activity to tropical systems ecologies has been very neatly 

summarised by Dawes-Gromadzki (2005): 

Soil macroinvertebrates play an important role in sustaining production and 

biodiversity in Australia's tropical savannas. For example, termites, through their 

foraging and nesting activities, recycle nutrients and carbon and produce soil pores 

that facilitate water infiltration. 
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Considering the extent of their impact on the soil, or rather, pedolith profile, termites 

have indeed been neglected in studies of pedolith-hosted mineral prospects in 

Australia’s northern savannas. Termites (and ants) are organisms who transfer material 

from deeper regolith to the surface and are therefore more critical than other 

bioturbators who mix material only within the biomantle zone. Therefore, in terms of 

adding deeper materials to the surface, termites are great bioturbators compared to other 

organisms. 

 

1.1.3 Termite biogeochemistry 

The abundance of termites in areas that also host high agricultural productivity means 

that much of the research on the chemical properties of termite mounds has 

concentrated on the cycling of nutrients such as Ca, Mg, K and Na. Soil chemical 

properties may be modified due to termite construction activity. The incorporation of 

clay sub-soils into mounds and the deposition of organic-rich fecal and salivary material 

enriches the surface soil with nutrients (Bignell & Eggleton, 2000). Termite mound 

material has been shown to contain higher Ca, Mg, K and Na than the surrounding soils. 

Lobry de Bruyn & Conacher (1990) noted that the selection of clay particles for the 

construction of mounds creates an enrichment of these elements in the soils.  

Researchers such as Eggleton & Taylor (2005) have enriched the existing knowledge on 

the influence of termite burrowing on chemical weathering in the Weipa area, linking 

the tunnelling of termites to the development of bauxite. 

 

The lack of studies with quantitative multi-element and mineralogical analyses of 

termite mounds highlights the need for more biogeochemical studies of termite mounds 

which examine the cycling of not only nutrients but also elements between soil, 

termites, vegetation and groundwater. 

 

1.1.4 Termites and mineral exploration 

One of the motivating reasons to use termites and other soil organisms (e.g. ants) as 

quantitative mineral exploration tools is that these same techniques have been used 

historically for mineral prospecting. Termitaria are obvious features of the landscape, 

and have been noted to be useful as exploratory tools even as far back as the Greek 
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historian, Herodotus (Brooks, 1995). However, termitaria have been largely ignored as 

sampling media in more recent exploration programs and studies of the landscape, 

despite the popular uptake of vegetation sampling as a biogeochemical exploration 

technique. Tooms (1955) was one of the first to describe this technique used in the 

copperbelt of present-day Zambia. 

 

Govett (1958) summarises Tooms’ study, suggesting that whilst ‘termites undoubtedly 

exert some influence on the dispersion of copper in the soil, particularly in the upper 

horizons, their direct contribution towards the development of anomalies is relatively 

unimportant’, where ‘the principle effect of termite activity is to assist in “stirring-up” 

and aerating the soil of the A horizon’. Although there was a lack of expression of 

underlying mineralisation in the samples taken in the Tooms & Webb (1961) study, 

where the surrounding soils contained higher levels of the sampled elements, the termite 

hill still contained a similar mineral assemblage to that of the soil profile. More recent 

research by Roquin et al. (1991) and Freyssinet et al. (1990) has shown that in areas of 

tropical weathering, where there are extensive lateritic duricrusts that hinder mineral 

exploration, the abundant termitaria contain similar material to the underlying B-

horizon soils. This bodes well for the mineral explorer aiming for targets in areas of 

extensive regolith cover, including quantities of transported sediments which may 

potentially mask mineralisation. 

 

Brooks (1995) described termites as ‘field assistants’, and discussed these creatures in 

reference to geozoology, where animals may become indirectly involved in chemical 

analysis or can visually aid the geologist. The rationale for sampling termitaria, as 

proposed by West (1965, from Dunn, 2007), is that   

…colonies cannot exist without water…and their water-carrying passafes extend down 

to the 6-m level in the (Leopard) mine which is the present water level…In mining their 

way downwards to water, they remove the necessary spiil and bring it to the 

surface…The plotting and sampling of termite heaps, irrespective of the nature of the 

overburden such as Kalahari sands, is a useful and accurate method of prospecting 

with this advantage – the onerous part of the work has already been done by the 

termites at no cost to the prospector. 
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More recent studies of termitaria geochemistry in West Africa include those by Le Roux 

& Hambleton-Jones (1991),and Gleeson & Poulin (1989) and similar studies have also 

been conducted in India (Prasad et al, 1987; Nagaraju et al., 1998). Bernier et al. (1999) 

undertook a rigorous mineralogical and geochemical study of cathedral mounds in the 

Central African Republic, whilst Milner et al. (1999) discovered mandible-pitted gold 

flecks in panned mound material.  Both South America and Australia are continents 

where there have been no documented studies of termite mound sampling for mineral 

exploration, besides a study into prospecting for V and Cr in Bahia State, Brazil, by 

DePaula & Abrahao (1991), which is surprising given that they contain some of the best 

described and mapped species distributions. Initial research, using termite mounds in 

geochemical exploration, revealed positive results in North Ethiopia, identifying a direct 

relationship between the concentration of metals in termite mounds and that in the 

underlying parent rocks (Kebede, 2004).  A conventional analysis for Au and associated 

pathfinder elements was undertaken, by Kebede (2004) using specimens from the 

termite mounds and parent materials. The results from this study indicated that all these 

metals existed in the termite mound as well as the surrounding area; however, the 

regolith cover was noted to be thin in the study region.   

 

Termitaria sampling has not been widely used as a sampling method in northern 

Australia, although there have been some unpublished company-based studies. 

Anecdotal tales of termitaria sampling have added to the confusion surrounding this 

topic, highlighting the curiosity aroused by earthen nests that may contain traces of 

mineralisation in the form of flecks of saprolite, metallic minerals and even nuggets of 

Au. Across all continents, where variable sizes of termite mounds populate the 

landscape, prospectors have examined termitaries for evidence of mineralisation. In 

Mali for example, locals collect coarse-grained particles of gold from the termite hills 

endemic to the country (Bernier et al., 1999b). In discussions with older geologists who 

were exploring for U, Cu and Au in northern Australia, many revealed that collected 

chunks of mounds often found their way into the regional sampling program results, 

with novel sampling techniques, including the use of chainsaws.  

 

Aspandiar (2003, 2004) has discussed bioturbation by termites as one of the 

contributing mechanisms of metal transfer through transported overburden within the 

Australian regolith. Ants and termites have the capacity to penetrate deeper into the 
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regolith than most soil organisms (> 1m), and Aspandiar suggests that these bioturbators 

are the main causes of soil and geochemical anomaly homogenization over time within 

surface sediments, along with rainwash (Figure 1.3). Lateral dispersion of anomalies 

occurs as nest materials brought to surface are physically dispersed across the land 

surface. Radford & Burton (1999) also mention the possible pathways for geochemical 

signatures of covered ore bodies through transported overburden. 

 
Figure 1.3 The operation of vegetation and soil biota as potential mechanisms for metal 
mobility within the regolith (From Aspandiar, 2004) 

 

1.1.5 Termites in the landscape 

The termite society is often depicted as a fundamental unit composed of many multi-

cellular individuals, analogous to a single organism (Emerson, 1952).  The division of 

labour, integration and specialisation by individual castes exemplifies this 

‘supraorganism’ model, as does the interdependence and integration of individuals in a 

termite society.  The habitats within which termite society functions vary from above 

ground (epigeal) mounds, to tree-top nests and subterranean galleries. 

 

Termite nests assist in providing the main requirements of these insects: light 

avoidance, protection against changing temperatures and air currents and storage of 

a1172507
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cellulosic materials. Termites are herbivores, feeding on dead plant cell wall material 

such as wood, leaf litter, roots, dead herbs and grasses, dung and humus.  This foodstuff 

is known as lignocellulosic matter, and is the most abundant material in the biosphere 

— therefore, termites play a significant role in regions where soil macrofauna such as 

earthworms are largely absent, for example in tropical, sub-tropical and arid to semi-

arid climates. By converting this lignocellulosic biomass to insect biomass through 

ingestion, termite production supports a large proportion of tropical vertebrate 

biodiversity (for example, amphibians, reptiles, birds, and ground-foraging 

insectivorous mammals) (Bignell & Eggleton, 2000). 

 

Some termites are also able to digest lignin in addition to cellulose, with assistance from 

symbiotic intestinal protozoa and bacteria. Some species of termites also have a 

symbiotic relationship with nitrogen-fixing bacteria.  The termites investigated in this 

study are mainly grass-harvesters, as highlighted by the abundance of spinifex and other 

grass chaff stored in the outer chambers of the sampled mounds.  

 

Termites often construct epigeal (above ground) mounds as part of the nest structure of 

the colony. Epigeous nest-building behaviour is common amongst most of the 

Australian termites, especially for the Termitidae and some of the Rhinotermitidae.  The 

Coptotermes genus within these genera often constructs conspicuous dome-shaped nests 

which have a highly complex structure, despite their wood-dwelling habits. The nest 

comprises a high wall constructed of argillaceous earth surrounding a centre portion of 

carton, which is more fragile towards the centre and contains a differentiated royal cell 

(Hill, 1942; Calaby & Gay, 1956; Krishna & Wessner, 1969). 

 

The epigeal nests of the Termitidae show a great variation in aspect, size and structure. 

There are two general types of structures, depending on the size of chambers and the 

differentiation between the periphery and internal portions of the nest (Krishna & 

Wessner, 1969). The first type consists of a homogeneous structure with little difference 

between the outer chambers and inner portions of the nest, whilst structures of the 

second type are much more varied; there is a peripheral zone referred to as the wall, and 

a central part which contains the nursery. Regardless of what the structure looks like, 

the epigeal nests are closed and there is no permanent communication with the exterior.  
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Among the Amitermitinae, certain Amitermes build simple structured nests consisting of 

a mixture of earth and excrements, and often create remarkable structures in flattened 

orientations, like the ‘magnetic’ nests built by A. meridionalis. Drepanotermes construct 

flattened domes in all genuses worldwide. Epigeous nests are less frequent in the highly 

evolved forms that have nasute soldiers, like the large genus Nasutitermes. Above 

ground nests are encountered in some Australian species which have a complex nest, 

like N. exitosus (Hill) and these may reach a considerable size as in N. triodiae 

(Froggat). 

 

For all termites the nest provides an enclosed environment, rendering them very 

sensitive to air movements (Grasse & Noirot, 1958). The isolated nests possess an 

important microclimate distinct from the surrounding environment. Three factors are 

important to this microclimate: temperature, humidity and the internal atmosphere. For 

epigeal nests, thermal regulation of temperature depends on the location of the nest, its 

size and its structure. The nests of N. exitosus have an internal structure which 

fluctuates along with external temperature, but with a noticeable delay or dampening, 

with the internal temperature of inhabited nests higher by 

 8 to 10ºC (Holdaway & Gay, 1948).  

 

Water requirements of termites are usually high, though this varies between species, 

with most of them poorly protected against dehydration (Krishnar & Wessner, 1969). 

High humidity levels are therefore expected in most nests, and Lűscher (1961) observed 

a relative humidity always above 96% in nests of five species in the Ivory Coast. 

Analogous values were observed by Fyfe & Gay (1938) with N. exitosus.  

 

The regulation of air within the mounds is of great importance also, as pointed out by 

Noirot, in Krishna & Wessner (1969). The huge populations of termites which inhabit 

the nests must require the renewal of gases, and also regulation of the oxygen level 

necessary for their respiration. The carbon dioxide produced by the termites and other 

gases produced by their intestinal symbiotic bacteria must also be eliminated. There is 

some possibility for an exchange of gases when temporary communication is 

established for the enlargement of the nest or emergence of alates. It has also been 

suggested that the renewal of the internal atmosphere must take place throughout the 

wall of the nest, through the diffusion of gases.  
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The connection between termite habitat preferences and landforms has been mentioned 

only briefly in literature, despite the large volume of work focused on termite 

ecosystems, especially the function of the closed ecosystems created by most species of 

termite. Global patterns of termite diversity have been outlined by Eggleton (2000), 

who suggests that local species and generic richness are strongly influenced by habitat, 

altitude and climate. Species richness asymmetrically decreases according to latitude, 

with southern latitudes having greater generic richness compared to more northerly 

locations at corresponding longitude. The lack of termites within tropical rainforests in 

Australia suggests that the native predecessor forests were greatly diminished during the 

Quaternary, with a lack of significant colonisation by Southeast Asian termites. The 

most populated Australian assemblages are the primarily wood-feeding species 

Amitermes, Nasutitermes, and Cryptotermes, along with the grass-feeding genera, 

Drepanotermes and Tumulitermes. 

 

Soil type, texture and vegetation assemblages are the main influences on termite 

distribution in any particular area. All epigeal-mound building species require clay as a 

construction material, meaning that these species are endemic to all parts of Australia 

except where the surface materials are very sandy, such as the Mallee region of southern 

Australia, or very clay-rich like the black soil plains of northern Queensland (Wood & 

Lee, 1971).  Termites have the potential to burrow hundreds of metres into the regolith, 

and many species prefer to build mounds in areas of significant transported cover (Table 

1.1).  

 

Table 1.1 Types of termites found in northern Australia, and a general description of the preferred 
landscape setting (from Andersen & Jacklyn, 1993) 

a1172507
Text Box
                                           NOTE:      This table is included on page 18 of the print copy of      the thesis held in the University of Adelaide Library.



Termitaria as regolith landscape attributes and sampling media in northern Australia Chapter 1 

19 
 

A comprehensive information-gathering survey of the distribution of termite genera 

across Australia is provided by Watson & Abbey (1993). From the Amitermes group, 

the genus Drepanotermes is present throughout the grasslands of Australia (Eggleton, 

2000). Also of interest to this study are several species of Nasutitermitinae, mostly 

found in grasslands and predominantly grass-feeders, including Tumulitermes. 

The links between fauna and regolith thickness are less well known but have enormous 

potential to develop a new field of sampling and regolith mapping.  Burrowing 

organisms, such as termites and ants, interact directly with subsurface regolith materials 

and so termitaria characteristics such as distribution, abundance and surface structures  

could be closely related to regolith thickness if better understood (Petts & Hill, 2004).  

In the tropical-savanna regions of northern Australia, however, ants are not as populous 

as termites, and like many semi-tropical to arid regions northern Australia boasts many 

species of termites that build mound structures (Andersen & Jacklyn, 1993; Andersen et 

al., 2005). 

 

Many examples of the spatial patterns of termite assemblages across the world are 

presented by Bignell & Eggleton (2000). The Australian continent is poorly represented, 

however. The function of termite species in the Australian landscape and their vital role 

within the ecosystem has been considerably underrated in much of the literature; this 

highlights the need to connect the habitatat preferences of termites in Australia with 

various landscape settings as part of the scope of this research project. 

 

1.3 Geology of the Tanami region 

The geology of the Tanami region has been described by Blake et al. (1977), Ireland 

and Mayer (1984), Plumb (1990), and Henderson et al.1995).  The region consists of 

two major Precambrian tectonic units, the Granites-Tanami block and the Birrindudu 

basin. Associated with the Granites-Tanami block are the oldest sediments in the region, 

including lower Proterozoic metamorphosed sedimentary and volcanic rocks (including 

siltstone, greywacke, ironstone, conglomerate, and chert). During the lower to mid 

Proterozoic, granites and acid volcanics were emplaced in the Granites-Tanami block. 

The Birrindudu basin sediments consist of siltstone, sandstone, conglomerate and 

banded chert units. Displayed in Figure 1.4 is a simplified geology map (from Bagas et 

al., In Press) of the Granites-Tanami region 
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Figure 1.4 Simplified map of the Granites-Tanami region, showing the location of mineral 
occurrences and broad geological framework. (From Bagas et al. In Press) 
 

The Cambrian Antrim Plateau Volcanics and Upper Cambrian shallow marine and 

terrestrial sediments (including limestone, mudstone and sandstone) overlie the 

Proterozoic rocks.  Cretaceous sediments consisting of pebble conglomerates, sandstone 
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and minor siltstone are separated from the Cambrian sediments by a major 

unconformity. 

 

The rocks of the Granites-Tanami region are deeply weathered and poorly exposed. 

Across much of the area, alluvial and colluvial sediments, as well as aeolian sands, 

cover the Proterozoic to Cretaceous-aged rocks.  Wilford (2000) notes that the cover 

sediments vary in thickness from less than 1 m to 100 m in the Tertiary palaeochannels, 

and that alluvial and colluvial associated with Tertiary palaeochannels are extensive 

across much of the region. These palaeodrainage systems comprise large, broad 

drainages fed by tributaries. Recent alluvial and colluvial sediments have covered these 

palaeotributaries, as well as many of the palaeochannels. A comprehensive regolith-

landform model for the Granites-Tanami region is presented in Wilford (2000).  

 

Gold deposits in the Tanami region are hosted by rocks included in the 

Palaeoproterozoic Tanami Group, described by Bagas et al. (In Press) as sub-

greenschist to amphibolites facies metamorphosed carbonaceous siltstone, iron 

formation,basalt, dolerite and turbiditic sedimentary rocks. Oblique strike and reverse 

faults are linked to most deposits, and are localised where the late faults intersect 

anticlines (Bagas et al., In Press). Within these structures, pressure fluctuations focussed 

ore fluids into chemically reactive rocks. Gold deposits such as Callie deposit in the 

Northern Territory represent the world class extent of the mineralisation in the Granites-

Tanami region (Williams, 2007).  
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2 Methods 
 

This study has included a range of research methods from many disciplines including: 

 regolith-landform mapping 

 termitaria mapping, sampling and analysis. 

Both descriptions of methods used, and an introductionto the types of termites and their 

sampling and analysis are included within this chapter.  

 

Regolith-landform mapping 
Maps of regolith materials and their characteristics provide valuable frameworks for 

mineral exploration programs in regolith-dominated terrains. A regolith map can be 

used to: 

 indicate the types of regolith materials in an area and help define the exploration 

challenge 

 show the distribution of the types of regolith materials used in geochemical 

sampling programs 

 show the positions of materials used in landscape evolution models and 

associated geochemical sources, dispersion and accumulation over time  

 help in the production of derivative maps of particular attributes of the regolith 

or features for special purpose applications, such as mineral exploration (e.g. 

dispersion vector maps and exploration strategy maps).  

  

Regolith maps mostly use a regolith-landform framework, which provides not just an 

account of the regolith materials of an area but also the type of landform expression. 

The landform expression is important because it is not only related to the development 

or modification of regolith materials, but it also relates closely to contemporary 

landscape features that may influence the chemical and physical dispersion and 

accumulation processes operating within it. A simple alpha-numeric code is used to 

depict the regolith-landform units, according to the Geoscience Australia, RTMAP data 

set (Pain et al. 2007). The first one or two upper case letters represent the dominant 

regolith materials, and the following lower case letters represent the dominant landform 

expression. Numbers following these letters represent the number of minor variations of 
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these units subdivided in the mapping, and may relate to slight differences in 

mineralogy or vegetation assemblages of units. For example the RLU code 

Aed1 
corresponds to the following information: 

A signifies ‘alluvial sediments’ 

ed signifies an ‘erosional drainage depression’ landform  

1 and any other following subscript numbers allows for subdivision based on 

variations in attributes within this general regolith-landform assemblage. 

Regolith-landform mapping techniques used within the project and described in this 

thesis are based on understanding the contemporary geomorphological processes acting 

upon the surficial geology of an area.  Details from site descriptions compiled when 

mapping, such as the nature of surface materials, are incorporated into regolith-

landform units and their associated map legend descriptions. For example, regional 

scale maps show broad patterns of regolith-landform assemblages, i.e. regolith versus 

bedrock-dominated terrains (Hill 2002).  For the purposes of this thesis, three main 

scale measurements have been used: regional, tenement and prospect. Some of the 

implications of choosing an inappropriate mapping scale include limiting the ability to 

display information, or zooming too far out. 

 

In the exploration field many parameters must be defined before undertaking a project.  

Scale has a major influence on the sampling strategies being employed. The scale of 

regolith-landform mapping required for exploration varies depending on the approach 

the explorer wishes to take. Hill (2002) describes some implications for mapping with a 

regional scale in the Barrier Ranges of western New South Wales: 

For mineral exploration purposes the map is most useful for providing a regional 

regolith-landform framework for planning regional exploration approaches. Terrains 

dominated by transported regolith and bedrock-dominated terrains may be easily 

recognised…This map is limited in showing the local distribution of regolith sampling 

media and local dispersion pathways for individual exploration tenements, which are 

best done on more detailed maps such as the 1:25,000 series  (Hill, 2002). 

2.1.1 Regolith-landform mapping approaches  

The regolith maps in this study have been constructed from two main sources: 

 remotely sensed data 
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 field observations. 

Remotely sensed data 

Remote sensing techniques are applied primarily to aid mapping and to assist in 

assigning targets for further ground truthing. 

 

Aerial photographs and orthophotos 

Regolith-landform mapping and termitaria sampling at the Tanami region sites were 

aided by the use of orthophotos, provided by the Geological Survey of Western 

Australia (GSWA), circa 2000. These were provided in geo-rectified form, and enabled 

both provision of a field location whilst undertaking fieldwork, and also office-based 

identification of surface features, e.g. distinguishable trees, landscape features, exposed 

rock, creekbeds and termitaria. The orthophotos have also been used as background 

images for the presentation of geochemical data, field site locations, and for drafting 

preliminary regolith-landform boundaries in ArcGIS.  

 

Landsat 

The use of Landsat images within this research project has been limited to preliminary 

investigations of regional features within the Tanami, including providing an overview 

of the effects of fire-scarring on vegetation. The usefulness of primary Landsat imagery 

is significantly undermined by the burning of vegetation in the tropical savannas of 

Australia’s north.  

Field observations 

Fieldwork associated with this regolith mapping provided an opportunity to directly 

examine and record characteristics of the regolith and landscape below the resolution of 

remote sensing and also to check and test the different remote sensing expressions. 

Types of field observations collected include: 

 regolith lithology, including colour, mineralogy, grain size, sorting and shape, 

fabric, pH, weathering, pedogenic features, and surface lag 

 landform expression and landscape processes, such as erosion and deposition 

 dominant vegetation community structure (e.g. shrubland, woodland, grassland) 

and particular species;  this was mostly derived from a field guide, such as 

Moore (2005), as well as an account of the Tanami ecosystem by Gibson (1986) 
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 termitaria characteristics including: mound morphology, composition of outer 

walls, size and shape of galleries, landscape position, height, width, number of 

towers around mound, maturity of the colony, fire damage and habitation 

 Geographic Positioning System (GPS) coordinates 

 photograph or sketch representative of unusual features 

 selected sampling of materials for further analysis. 

Further guidelines on some of the attributes described and recorded are given in 

Macdonald et al. (1990) and Pain et al. (2007).  

 

For the Coyote regolith-landform map, detailed site descriptions were taken from over 

62 sites along a three km transect at the Coyote deposit which was originally designed 

to be the full geophysics/EM survey line, as well as three subsequent transects from 

follow-up fieldwork conducted in 2006, adding an additional 58 sites from which 

regolith-landform data was collected. The original transect trends N-S, and sub-

perpendicular to mineralisation and stratigraphic trends. Transects 1 and 2 also trend N-

S, but are shorter in length, whereas Transect 4 is approximately one km long, and 

follows the east-west access road to the mine.  ‘Transect 3’ sampling sites are actually 

grouped within a 20 m2 area, to the west of Transect 2.  

 

Site points were collected across the area using GPS and written field notes which 

included information on attributes such as surface lag and landform expression.  

Termite mound GPS points and heights were also recorded, generating over 1811 

separate points along the first two transects.  The fieldwork conducted in January 2006 

at Coyote allowed the confirmation of several mapping units.   

 

The Titania regolith-landform map was constructed in much the same manner as the 

Coyote map. Field site descriptions were made concurrent with biogeochemical samples 

but, instead of using a transect for the fieldwork, a grid was used over the site of 

interest. Termitaria measurements were also collected at each field site, with over 80 

datapoints collected. The sampling grid consisted of seven transects with nine 

datapoints, which were spaced at 100 metre distances. This allowed a wide coverage of 

regolith-landform units proximal to mineralisation as well as the sampling of regolith 

materials (including termitaria) in an area of mineral interest. 
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Traditionally, mapping points are transferred onto a transparent film overlay on top of 

aerial photos or satellite imagery whilst in the field.  Due to time constraints this was 

instead completed in the office after the fieldwork was finished. 

Map compilation 

The field site data collected in the Tanami at the two study sites, Coyote and Titania, 

was entered into a Microsoft Excel table. This information was used for later 

consultation and to transfer the datapoints to ArcGIS, which is the main software 

program used to generate the regolith-landform, location and geochemical maps for this 

thesis.  Orthophotos for Coyote and Titania were supplied by the Geological Survey of 

Western Australia (GSWA) and Newmont Asia Pacific Ltd, respectively, in the GDA94 

projection.  

 

Once the outlines of the main mapping units had been established, the overlays were 

scanned and then geo-rectified using ERMapper.  In this format the scanned images 

could be opened as layers within ArcGIS, and the outlines traced as polylines.  These 

polylines were then used to create polygons which are grouped according to their main 

regolith-landform classifications (alluvial, aeolian, and colluvial).  XTools Pro and 

ETGeoWizards are both freeware programs which enable simple topology and 

conversion tasks to be completed in ArcMap. Each polygon was assigned an RLU using 

the attributes table in ArcMap, and a colour was assigned to each unit.  Both Adobe 

Illustrator and ArcMap software were used to compile the final maps included in this 

thesis. The full regolith-landform map is included as Appendix B, and incorporates an 

image of the field site, plus a reliability diagram and full RLU descriptions. 
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Termitaria sampling methodologies 

2.1.2 Surveying termites and termitaria in northern Australia 

Termites have been present in the Australian ecosystem since the Mesozoic 

(Humphreys, 2004) and include some of the most primitive species in the world, such as 

the destructive Macrotermes darwiniensis, which does not build nests. Most Australian 

termites populate  semi-arid to arid savanna and ranges in northern Australia. 

 

Termitaria are one of the most distinctive features of the Tanami and Pine Creek 

landscapes, particularly in areas of thick transported cover, such as across the 

ephemerally flooded, buried palaeodrainage systems.  Over 14 species of termitaria 

have been recorded from the Tanami (Watson & Abbey, 1993), including: 

Mastotermes darwiniensis 

Coptotermes acinaciformis 

Schedorhinotermes actuosus 

Amitermes lativentris  

Amitermes perarmatus 

Amitermes vitiosus 

Cristatitermes froggatti 

D. rubriceps 

Microcerotermes distinctus 

Microcerotermes nanus 

Nasutitermes longipennis 

N. Triodiae 

Tumulitermes hastilis 

Tumulitermes pastinator. 

 

An illustration of the northern Australian distribution of the main mound-building 

termite species encountered during this research project is provided in Figure 2.1. The 

following summaries of the termites’ habits, distribution and colony preferences are 

discussed with reference to the distribution and characteristics of mound-building 

termites as reviewed by Aspenberg-Traun & Perry (1998).  
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Figure 2.1 Simple diagram of main mound-building termite populations across Australia. 
From top: Nasutitermes triodiae,  Drepanotermes rubriceps (middle), and Amitermes spp. 
(bottom). 

 

Amitermes 

These termites typically build simple, columnar, conical termitaria up to 1.8 m tall, but 

mostly at or below 1 m.  These termites feed on grass and plant litter, and their mounds 

are composed of sand and clay.  The dominant species from this genus in the study area 

is A. vitiosus, which is also widespread across northern Australia.  In this study area 

they are most abundant in regions prone to seasonal flooding, such as alluvial and 

sheetflow plains and ephemeral swamps. 

Drepanotermes 

This species is commonly associated with spinifex (Triodia and Pletrachne) dominated 

hummocky grasslands and mulga forests (Watson, 1982). The mounds consist of sand 

and clay, are low and broadly rounded to a maximum height of ~ 20 cm in arid lands, or 

flat pavements loosely covered by soil. Mounds in the Kimberley region may even be 

found in seasonally flooded areas, and are taller (Watson & Perry, 1981). Individual 
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colonies may construct several mounds (Holt & Easey, 1985). These termites are 

primarily grass eaters, but their diet can also include leaves, twigs and other plant debris 

(Andersen et al, 2005).  The dominant species from this genus in the study area is D. 

rubriceps, which is very widespread throughout central and northern Australia.  

Tumulitermes 

Termites belonging to the sub species Tumulitermes are widespread across northern 

Australia.  Their mounds are simple, consisting mainly of sand and silt particles with 

some carton and material higher in organics used to line galleries and the nursery.  

Some of the subspecies use excrement instead of saliva as a cementing material, such as 

T. pastinator (Lee & Wood, 1971).  As these termites are primarily grass eaters, the 

collected grass chaff is stored within the outer galleries.   

 

The dominant species of Tumilitermes in the study areas are T. hastilis, which inhabits 

predominantly mixed scrub/grasslands, and T. pastinator, which occurs in 

grass/scrubland and is particularly common on the poorest soils and in sandy gravel to 

stony country. T. hastilis mounds consist of sand and clay, are up to 40 cm high and 

wide at the base. Nests built by T. pastinator in contrast are broadly conical and 

commonly ~60-80 cm high and wide but can reach a maximum height of ~2 m. 

Coptotermes 

The termite species included in the genera Coptotermes are common in vegetation 

dominated by Eucalytpus and are generally absent where there are no eucalypts. 

Aspenberg & Traun (1998) describe the mounds constructed by Coptotermes 

acacinaformis as ‘lean-to’ slab nests of clay, usually up to 50 cm high. The mound/nest 

surfaces are characterised by an irregular network of superficial cracks. Nests are 

commonly established around the base of eucalypts, which enables access to the 

heartwood of the trees. Over time, clay ‘pipes’ run up the main trunk and often 

eventually throughout the tree, penetrating the limbs and branches (Perry et al. 1985). 

 

Nasutitermes 

Two species of the genera Nasutitermes have been included in this study: N. Triodiae, 

and N. graveolus. Commonly known as cathedral termites due to their spectacularly tall 

mounds, N. triodiae nests are predominantly a species of spinifex (hummock) 
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grasslands (Triodia spp.). Its sand and clay mounds may be up to 4 m high and have 

variable shapes e.g. rounded or pointed tops, dome- or mushroom-shaped and 

constricted at the base. The mounds may be rounded or covered in bulbous lobes, or 

fluted and narrowly connected to the central core mound. The lobes represent an 

individual (nocturnal) mound extension. The tree-nesting termites, N. graveolus appear 

similar in shape and characteristic to C. acacinaformis (Andersen & Jacklyn, 2000). 

2.1.3 Termitaria sampling 

Estimates of termitaria heights and species type were collected alongside GPS 

coordinates for the entire length of transects, or at select field sites. Termitaria details 

such as the outer wall colour, the composition of the outer wall materials and cracking 

or degradation features were collected at the time of sampling and surveying. Height 

was roughly estimated using a small ruler and body height as a guide for the taller 

mounds. For these mounds, the error within the method was not significant —  error 

was calculated to be tens of cm difference between mound heights which were 

measured in metres. For the lower mounds, a geopick or scale bar was used to estimate 

height. The morphology of the mound was also described, using terms such as tall, 

narrow, fluted, rounded, pavement, constricted base, and bulbous.  

 

With little information in the literature on how best to sample termitaria for 

geochemical analysis, other than trenching a mound, it was decided to take the smallest 

amount possible to avoid environmental impacts due to mound destruction. Termitaria 

heights and estimation of species type were collected alongside GPS coordinates, record 

of termitaria composition, and regolith-landform site description for the entire grid.   

 

A termitaria sample was taken at each observation site and, where possible, a sample of 

the spinifex chaff harvested by the termites was recovered.  The mounds are normally 

well-cemented so a geo-pick was used to knock material from the mound (Figure 2.2a). 

This was then placed in a labelled, heavy duty plastic zip-lock bag.  The zip-lock bags 

were then packed in large green plastic bags for freighting to Adelaide, to be prepared 

for geochemical analysis.  

 

Sample preparation for all termitaria involved breaking up the mound samples with a 

rubber mallet (Figure 2.2b), followed by particle size analysis and colour identification.  
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Samples were either sent to Genalysis or UltraTrace Laboratories in Perth, Western 

Australia, and Acme Analytical Laboratories in Vancouver, Canada.  Soil samples were 

classified using particle size analysis and colour identified using a Munsell chart.   

 

 
Figure 2.2 a) Sampling of termitaria in the field (top) b) Preparing samples for analysis 
(bottom) (Photo Dr S. Hill) 

 

2.1.4 Labwork and sample preparation 

Termitaria 

Sample preparation for all termitaria and soil samples involved noting the colour of the 

material, using an abbreviated Munsell Soil Chart, and noting the composition of the 

material (grain size range, mineral assemblage, and angularity of grains) before 

breaking up the mound samples with a rubber mallet.  Both the termitaria and soil 

samples were then sieved in plastic frames and mesh to three size fractions (Table 2.1) 

based on the United Soil Classification.  Research at the Titania prospect (Petts et al. 
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2007) suggests that the fine fraction (Fraction 1) consisting of silts and clays measuring 

less than 75 microns provides the most significant geochemical results: hence Fraction 1 

was packaged and sent for analysis.  The sand and gravel-sized grains are recorded as 

Fraction 2 (between 1 mm and 75 microns) and Fraction 3 (greater than 1 mm), 

respectively. 

Table 2.1   Key to size fractions used for sample preparation and geochemical analysis 
Fraction Details of grain size Description of material 

1 Less than 0.074 mm Silt/clay 

2 Greater than 0.074 mm, 
less than 1  mm 

Fine sand 

3 Greater than 1  mm Medium to coarse sand 

Spinifex chaff 

The termitaria chaff was prepared for geochemical analysis by rinsing the dry chaff with 

deionised water, because the chaff is often coated in dust from the collection process.  

The chaff was placed in a bucket, and approximately 3 litres of deionised water was 

used to rinse the chaff and allow the flotation and separation of the chaff from the 

heavier mound material consisting of silt and sand particles (Figure 2.3).  The sample 

was left to sit for ten minutes, before being scooped using a plastic sieve into a labelled 

brown paper bag, which was placed in a small oven and dried for 36 hours at low heat 

(~60°C). The sample was then split and packaged, using an Aqua Regia digest and ICP-

MS, to be sent to ACME Analytical Laboratories in Canada, for analysis.  

 
Figure 2.3 Equipment used for separating spinifex chaff from residual termitaria material, 
using de-ionised water to float the chaff to the surface 
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Geochemical analysis and assaying 

2.1.5 Termitaria geochemistry (XRD and XRF) 

The sample preparation procedure for X-Ray Fluorescence (XRF) and X-Ray 

Diffraction (XRD) analysis simply takes the sieved termitaria material in three fractions 

(see above), which then is milled to < 75 microns using a tungsten-carbide ring mill 

situated in the crushing room, (Mawson Laboratories) at the University of Adelaide.  

The sample was split to approximately 25-50 grams, before being placed in the ring mill 

vessel.  After 30 seconds to 2 minutes (depending on original fraction size) the powder 

was brushed off onto a piece of clean paper, and then placed in labelled specimen jars. 

The jars were sent to Geoscience Australia (GA) in Canberra where they underwent 

XRF and XRD analysis. 

 

Specialised Siemens sample holders were used for the XRD analysis, with ~ 0.5 g of 

sample used, enabling the packing of material in such a way as to maximise random 

orientation of particles.  XRF samples are required to be fused into a Lithium 

Tetraborate/Lithium Metaborate (12:22) glass disc using catch weights of 0.6 g of 

sample in 4.8 g flux.  Samples were annealed at 400°C for 10 minutes, and then placed 

in an Initiative Scientific fusion machine at 1000° C for 10 minutes.  Samples were 

poured into Pt moulds and cooled.  0.5 ml of 10% lithium nitrate solution was used to 

prevent volatisation of S.  Ammonium iodide was added to the melt towards the end of 

the fusion process to assist pouring and prevent adherence of the melt to the crucible. 

2.1.6 Termitaria geochemistry (ICP-MS and ICP-OES) 

UltraTrace 

The dried, grain size separated samples were split and  sent to UltraTrace Laboratories 

for inductively coupled plasma mass spectrometry (ICP-MS) and optical emission 

spectrometry (ICP-OES). These included the Titania Au-prospect termitaria samples. 

 

Further details of laboratory services and methods may be found at 

http://ultratrace.com.au/services/.  Following an aqua regia digest, samples were 

analysed for 38 elements (see Appendix B).  After digestion, samples were introduced 

to the Perkin-Elmer Elan 6000 ICP mass spectrometer, which measures the mass of ions 
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generated by argon gas plasma heated to 10,000oK, and passed through a magnetic 

quadrupole to the detector.  

Genalysis Laboratories 

Analytical procedures at Genalysis Laboratories in Perth, Australia for the submitted 

samples, prepared using grain size separation and splitting, included multi-acid 

digestion including hydrofluoric, nitric, perchloric and hydrochloric acids in teflon 

beakers. This technique is suitable for dissolving silica-based samples requiring low 

levels of detection. This digest approaches total dissolution for most minerals. Elements 

incorporated in highly resistant minerals may not be dissolved in the four acids, 

including but not limited to, columbite, tantalite, cassiterite, wolframite, spinels, some 

garnet species, rutile, zircon and ilmenite. The detection limit, minimum and maximum 

values and percentage error rates are presented in Appendix B. The reconnaissance 

termitaria samples from the Coyote Au-deposit were analysed at this laboratory. 

ACME Analytical Laboratories 

ACME Analytical Laboratories in Vancouver, Canada, were also utilised for ICP-MS 

analysis; in particular, the Coyote Au-deposit termitaria samples, which had prepared by 

drying and separating grain sizes using a set of plastic sieves and mesh. The samples 

were dried at 60ºC and pulverised. Sample splits of 0.25 g were heated in HNO3-

HClO4-HF to fuming and taken to dryness. The residue was dissolved in HCl. Solutions 

were then analysed by ICP-MS. The detection limit, minimum and maximum values 

and percentage error rates are presented in Appendix B.  

Quality assurance and quality control 

Standard reference, blank and duplicate samples were used to monitor analytical 

quality.  Despite the low detection limits of ICP-MS and OES, some elements in all 

three fractions were below the analytical limits of detection (LOD), including Pt, Pd, 

Ag, Cd, and Te.  OREAS (Ore Research and Exploration Pty Ltd, 2002) blanks and 

reference materials were used for quality control outside of normal ‘in-house’ QA/QC 

offered by the laboratory.  A ratio of one duplicate to every ten samples and one blank 

and standard to every 20 samples was used. 
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Statistical analysis 

ArcGIS software was used to generate spatial sample location plots with values linked 

to bubble sizes. These plots were used to group geochemical results for each element, 

for interpretation within this study. 

 

The data to be plotted for statistical analysis was calculated using cumulative frequency 

plots generated in IoGAS statistical software, developed by IoGlobal, Perth, Australia. 

Changes in slope on a probability plot has been interpreted as samples being from 

different populations. The threshold values have been calculating using 95th percentile 

values, taken from summary statistics generated within the IoGAS statistical software 

package.  These values correspond to the results obtained from the generally accepted 

formula for calculating threshold values, x + 2σ (Li et al 2003).  This method is 

considered far too simple for delineating true populations of both background and 

anomalous values, but it provides a simple means for providing a local threshold value 

(Sinclair, 1974; Sinclair, 1991) with which to statistically evaluate the analytical results.  
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3 Coyote Au-deposit, Western Australia 
 

Introduction 
 

Tanami Gold NL’s Coyote Au-deposit is the site of both regolith-landform and 

termitaria mapping, and termitaria sampling as part of a geochemical study.  The The 

Coyote Au-deposit is close to the Western Australia–Northern Territory border (Figure 

3.1), approximately 750 km northwest of Alice Springs and 300 km southeast of Halls 

Creek, adjacent to the Tanami Track, the main route through the Tanami Desert. The 

mapping area is included in the Billiluna Geological 1:250 000 map-sheet and The 

Granites Geological 1:250 000 map-sheet. 

 

 
Figure 3.1  Location Map for the Coyote Au-deposit, WA (Image courtesy of Geoscience 
Australia, 2004) 

a1172507
Text Box
                                           NOTE:     This figure is included on page 36 of the print copy of      the thesis held in the University of Adelaide Library.
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3.1.1 Geology and mineralisation 

At the Coyote Au-deposit, the dominant lithological unit is the Killi Killi Formation. 

Consisting of beds of medium- to coarse-grained sandstone that grades upwards to 

finer-grained sandstone and laminated siltstone and shale and mudstone these beds have 

been interpreted as a turbiditic sandstone succession (Bagas et al., In Press).  

 

The Coyote Au-deposit is hosted within turbiditic sediments of the Killi Killi 

Formation. It is concealed by up to 15 m of Cainozoic sediments, with deeply 

weathered bedrock extending vertically below the surface to up to 180 m to the fresh 

rock interface (Bagas et al., In Press). A representation of the geology of the Coyote 

Au-deposit is provided in Figure 3.2a. A sketch regolith profile (modified from Reid, 

2008) is shown in Figure 3.2b. 

 

3.1.2 Landscape 

The Tanami Desert is a vast area of red sandplains broken up by hills and ranges.  

Northcote & Wright (1983) have described in great detail the soil–landscape setting of 

the Great Sandy Desert–Tanami region.  The region, despite its semi-aridity, is widely 

but sparsely vegetated; mesas, buttes and ranges rise sharply from the otherwise low-

lying landscape.  Wilford’s (2000) regional regolith-landform mapwork also detailed 

the geomorphology of the Tanami region.   

 

Plants cover the region’s extensive erosional and depositional plains, salt lakes, and 

dune fields to a figure of between 10–30 % (Northcote & Wright, 1983); here, the 

predominant vegetation type is desert shrubland, characterised by spinifex (Triodia 

pungens and Plectrachne schinzii) (Gibson, 1986).  Low trees and shrubs of Acacia, 

Grevillea spp., and Eucalyptus spp. are also abundant and widespread.  The topography 

of the mapping area is subdued, consisting of flat to gently undulating sand plains, 

depositional plains, broad drainage depressions associated with palaeochannels, rocky 

outcrops, rises and some hills and ridges (Wilford, 2000).   
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Figure 3.2a (top), 3.2b (bottom). In Figure a), a geological cross-section 482300E of Coyote gold 
deposit shows the trace of several diamond drill holes (CYD020 and 024) (looking west). The section 
is based on the logs of rotary air blast and diamond drill holes. Dashed lines represent weathering 
zones. (From Bagas et al. In Press). Figure 3.2b displays the interpreted regolith geology of the 
Coyote Au-deposit, modified from Reid (2008). 
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Wind plays a major role in eroding and transporting materials in the Tanami, as is 

evident in the extensive dune systems of the Great Sandy Desert but also including 

other Australian deserts such as Gibson Desert, Victoria Desert and Simpson Desert 

(Northcote & Wright, 1983).  There is a distinct lack of well-defined surface drainage 

channels, with palaeo-alluvial valley sediments and channels covered by more recent 

sheetwash and colluvial material.  Shallow overland flow processes are pronounced in 

the areas of interest.   

3.1.3 Climate 

The climate of the Tanami Desert is semi-arid to sub-tropical, with distinct wet and dry 

seasons (Bureau of Meteorology, 1984).  The region receives limited, sporadic rainfall 

and is covered in sparse vegetation. Average rainfall is less than 480 mm, with most of 

the rain falling between December and March, varying both seasonally and annually.  

Mean maximum temperatures in December are recorded at 39°C at the region’s only 

meteorological station, Rabbit Flat Roadhouse;  the mean minimum annual temperature 

is 17oC (Blake et al., 1977).  

3.1.4 Land use and vegetation 

Land use in the Tanami region comprises Aboriginal freehold, pastoral leases, and 

conservation reserves. The Tanami region is unsuitable for pastoral use, however, with 

only a small portion of the area covered by pastoral leases.  Some mining and 

Aboriginal land use also takes place, with gold exploration in the area undertaken since 

the late 19th century; more recently, mines such as The Granites-Callie, Coyote and the 

Tanami mines have opened in the area.  

 

Despite the region’s size there has been no comprehensive compilation of the plant 

species from this bioregion; however, Connors, et al., (1996) have listed 1,073 plant 

species in the NT portion of this bioregion combined with the Murchison-Davenport 

bioregion, and the biodiversity of the region has been summarised in Gibson (1986).  

 

Clumps of tough spinifex grasses and scattered small, hardy saltbush shrubs cover the 

region. Above this, sparse, spiny acacias and tall desert oaks can be seen, with 

bloodwoods (Corymbia spp.), river red gum (Eucalyptus spp.) and inland tea-tree 

present in open woodlands in low-lying plains and along watercourses.  Throughout the 
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region snappy gum (E. leucophloia), cabbage gum (Eucalyptus spp.) and scattered 

shrubs grow alongside the spinifex (Triodia spp.) on the rocky hills and lag-covered 

plains where the soil covering is often thin. 

 

Coyote tenement scale regolith-landform map 
 

Initial regolith-landform mapping, including mapping landscape attributes related to 

regolith depth (e.g. vegetation, surface lag and termite mounds) took place in 2005 and 

2006.  A detailed account of the field techniques employed may be found in Worrall et 

al. (2005, 2006). A preliminary regolith-landform map was then constructed using an 

aerial photograph, followed by digitisation using ArcMap within the ArcGIS software 

package. 

 

The Coyote Au-deposit lies within the regional regolith-landform map of The Granites–

Tanami region, compiled by Wilford (2000), as shown in Figure 3.3. Wilford’s regolith-

landform map describes the area surrounding the Coyote Au deposit as generally low 

relief but crossed with major faults (i.e. the Trans-Tanami Fault, Bagas et al. 2006). It 

includes wide flood plain areas of broad channels, draining monsoonal floods to the 

north and west, with erosional plains to the west, south and north, shedding material 

into the broad alluvial systems due to colluvial processes such as sheetwash.  

 

The Coyote Au-deposit is on the northern margins of a buried, southwest-trending and 

eventually northwest-flowing alluvial system and associated valley.  The prospect is on 

a flat, to gently undulating depositional plain covered by a veneer of colluvial 

sheetwash sediments and ferruginous lag with some aeolian component.  The 

Palaeoproterozoic rocks that host mineralisation (Hendrick et al., 2000) have been 

mostly covered by later sedimentation.  The deposit is on a slight topographic rise, with 

shallow (< 2 m) cover in some parts.  To the south, alluvium thickens (> 10 m thick), 

and a thin veneer of colluvium covers the alluvial sediments.   

 

Initial observations were made at 64 sites along a 3 km north-south transect, shown in 

Figure 3.4.  A number of individual sites of interest were also included at the 

Larranganni (Bald Hill) Prospect, to the north.   
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Figure 3.3 Derived from the 1:1 000 000 Scale regolith-landform map of the Granites–
Tanami region; this figure depicts the Coyote Au deposit within an alluvial flood plain 
(Aap) border (From Wilford, 2000) 

 
Figure 3.4 Orthophoto of the Coyote Au-deposit and location of the field sites where regolith-
landform attributes were recorded (Map projection is GDA94 z52 UTM) 

a1172507
Text Box
                                           NOTE:     This figure is included on page 41 of the print copy of      the thesis held in the University of Adelaide Library.
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The main Coyote transect is sub-perpendicular to mineralisation and stratigraphic 

trends, coinciding in part with the ground EM survey carried out by other members of 

the project team.   

3.1.5 Regolith-landform units 

The RLUs have been divided into their main groups, including: alluvial sediments, 

aeolian sediments and colluvial sediments.  A brief description of the regolith-landform 

features of units from within each of these groups is provided below. Figure 3.5 is a 

simplified version of the map, whereas the final regolith-landform map is included as 

Appendix C. 

Colluvial sediments 

Colluvial sediments dominate the northern half of the study area. These sediments 

consist of sand, gravel, and minor cobbles in varying proportions, with a component of 

aeolian quartz sand.  Rounded and polished ferruginous nodules, with medium to 

coarse-grained gravel lags, consisting of lithic fragments, are found in the colluvial 

sediments.  These lags mantle the colluvial deposits that developed through the removal 

of fines by way of sheetwash and wind processes.  At Coyote, colluvial sediments occur 

in depositional plains, erosional plains and drainage depressions.   

 

The colluvium dominated areas have been further divided into separate units based on 

landform expression, composition of regolith material and vegetation. There are five 

colluvial sheetwash depositional plain (CHpd) and two drainage depression (CHed) 

units. The CHpd units have fine to medium-grained, red-brown quartzose sands with 

some (10%–30%) sub-rounded ferruginous and sub-angular quartz lag, whilst the CHed 

units contain less ferruginous material. 

 

Spinifex (T. pungens) is widespread and abundant throughout the map area, mostly 

found within a hummocky grassland community.  Snappy gum (E. brevifolia) is also 

widespread, typical of the northwest Tanami. It is most prevalent in the northern and 

central parts of the mapping area.  Close to the Au-deposit and further south, towards 

the colluvial sheetwash drainage depressions (i.e. CHed1), desert bloodwoods (E. 

opaca) become the abundant tree species. 
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Figure 3.5 Map of the regolith-landform setting of the Coyote Au deposit, WA (Map projection is GDA94 z52 UTM) 
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In this area the species Drepanotermes rubriceps dominates, but A. vitiosus and T. 

pastinator are included in some lower-lying units.  Although there are some 

morphological differences between the nests constructed by these two termite species, 

only the distribution and chemistry of the A. vitiosus nests is discussed within this 

project. In fact, many nests described as A. vitiosus in the study area may have been 

constructed  by T. pastinator. 

 

Vegetation distribution patterns are influenced by regolith-landform settings as well as 

by fires, which are a frequent occurrence in the Tanami, particularly adjacent to the 

Tanami Track. 

 

CHpd1  Close to the Au- deposit transported cover is thin (less than 5 m) and includes 

more quartz lithic fragments within the surface materials of this unit (Figure 3.6).  

Colluvial sediments are composed of up to 20% semi-polished, sub-angular to sub-

rounded ferruginous gravels (1–2 cm deep) which contain some coarse-grained angular 

quartz pebbles as well as large sub-angular colluvial clasts (10–15 cm).  These 

sediments are mixed with fine to medium-grained aeolian-derived, reddish orange-

brown quartz sands. Spinifex forms hummocks within an often open woodland of twin 

leaf (E. pruinosa), whilst in the northern CHpd1 units, desert bloodwood (C. opaca), 

rough-barked gum (C. aspera), and snappy gum (E. brevifolia) are scattered across the 

landscape. The termite species, D. rubriceps is widespread within this RLU, with some 

A. vitiosus.  

 

CHpd2 Colluvial sheetwash depositional plain deposit with some smaller drainage 

depressions, with surface materials comprised of fine to medium-grained red-brown 

quartz sands with 20% sub-rounded to sub-angular ferruginous gravels, and some silt 

and clay. The gravel material contains minor sub-angular quartz lag (Figure 3.7), some 

of which is cemented at surface (Figure 3.8). The unit is characterised by low 

topographic relief and some contour-banding surface patterns.  The vegetation 

assemblage is dominated by spinifex (T. pungens) in a hummocky grassland setting, 

with some snappy gum (E. brevifolia), Acacia, holly Grevillea (G. wickhamii) and 

Ptilotus spp.  Termitaria are widespread, and dominated by D.rubriceps. 
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CHpd3  This RLU has similar composition to the other CHpd units, but contains more 

silt and clay in the surface materials (Figure 3.9). The sand-sized materials (i.e. the fine, 

hematite-dusted quartz sands and ferruginous gravels) are rounded.  Colluvial 

sheetwash is the dominant geomorphic process within the depositional plain, 

distinguished by the surface litter dams and water dispersion across these lower-lying, 

gentle slopes.  Acacia shrubs and scattered snappy gums grow within these units, as 

well as spinifex hummocks.  Some A. vitiosus termitaria co-exist with the D. rubriceps 

mounds. 

 

CHpd4 Fine to medium-grained, aeolian-derived, red-brown quartz sands with up to 

50% sub-rounded and polished Fe-lag.  Colluvial sheetwash processes are dominant. 

The vegetation assemblage includes hummocky grassland dominated by spinifex, with 

various species of Acacia spp. including A. pruinosa, A. hilliana and A. adoxa.  Desert 

bloodwood (C. opaca), and snappy gum (E. brevifolia) are scattered across the units 

with clumps of red-bud mallee (E. pachyphylla) (Figure 3.10). 

 

CHpd5 This unit is characterised by raised sheetwash depositional plains within 

surrounding colluvial sheetwash units, surrounded by colluvial sheetwash sediments 

(Figure 3.11).  The surface materials are composed of fine to medium-grained red-

brown quartz sands, with sub-rounded ferruginous gravels and larger clasts.  Some 

locally derived quartz lag and clasts are typically coated in a ferruginised layer.  

Vegetation cover within this RLU is dominated by hummocky spinifex grassland, with, 

A. adoxa, beefwood (G. striata) and scattered snappy gums (E. brevifolia) (Figure 

3.12). 

  
Figure 3.6 Surface materials and landscape view for the CHpd1 regolith-landform unit; sub 
rounded, polished ferruginous fine to medium gravels, in a typical site location (left); open 
woodland of E. pruinosa and shrubland understory of Acacia spp. (right) 
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Figure 3.7 Typical surface materials for the CHpd2 regolith–landform unit; sub-rounded, polished 
ferruginous coarse gravels.  The right-hand image shows the landform setting of the unit. (Photos 
Dr S. Hill) 

 
Figure 3.8   Ferruginised gravels exposed at surface, CHpd2 

 

  
Figure 3.9 View of the landscape (left) and typical termitaria sample site (right) for the 
CHpd3 RLU 
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Figure 3.10 Typical surface materials for the CHpd4 regolith-landform unit (left) and view 
of the CHpd4  RLU (right) 

 

 
Figure 3.11 Coarse colluvial clasts typical of CHpd5 regolith-landform units, often sub-
angular.  Ferruginous gravels are composed of sub-rounded lag, often exposed in a 
cemented mass. 
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Figure 3.12 Landscape view of a CHpd5 unit, with stands of snappy gum (E. brevifolia) 
evident (top).  D. rubriceps are common within all the CHpd units (bottom).  

 

CHed1 This includes very fine to medium-grained red-brown quartz sands and 5-10% 

ferruginous lag (0.2 cm, sub-angular to sub-rounded). The relative roundness of these 

regolith materials reflects a greater distance of transportation than for other units.  There 

is little coarse to very coarse-grained quartz material in these units, except when close to 

a termite mound or sub-crop of Palaeoproterozoic rocks hosting quartz veins. Desert 

bloodwoods (C. opaca) are widespread, and red-bud mallees, corkwoods (H. lorea), and 

dogwoods (A. coriacea) form an open woodland of low trees. Shrubs include A. 

stipuligera, A. bivenosa and holly grevillea (G. wickhamii) (Figure 3.13).  The transition 

between these units is typically marked by the abrupt change in vegetation assemblage, 

rather than the composition of the regolith material. There are few termitaria within this 

RLU, with most of the area colonised by D. rubriceps. 

 

CHed2 - This unit contains red-brown fine to very fine-grained quartz sands with minor 

sub-rounded ferruginised lag material and minor sub-rounded, fine-grained quartz 

pebbles, within a silty sand substrate (Figure 3.14). The vegetation colony is hummocky 

grassland dominated by spinifex (T. pungens) and other grasses, with some snappy 
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gums (E. brevifolia) and rough-leafed range gum (C. aspera) in minor open woodlands. 

Plants such as native hibiscus and sedges are typically associated with areas prone to 

water-logging (Figure 3.15), alongside M. glomerata and Acacia spp. thickets. Similar 

to CHed1, termitaria constructed by D. rubriceps, A. vitiosus and T. pastinator are 

abundant (Figure 3.16). 

  
Figure 3.13 Regolith materials typical of the CHed1 units (left), and a view of the landform setting 
within the unit, including its characteristic vegetation assemblage of  corkwoods and dogwoods 
(right) 

 
Figure 3.14 CHed2 after rain, just south of the drilling area at Coyote Au-deposit 
  

  
Figure 3.15 Regolith materials typical of the CHed2 regolith-landform unit, with surface dispersion 
evident in the small current ripples created in the silty-sand regolith materials (left), and algal mats 
in silty sand indicating regular water-logging of the unit (right) 
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Figure 3.16 Representative landscape settings of CHed2 RLU, at Coyote Au-deposit showing also 
abundant colonies of the species D. rubriceps, T. hastilis and A. vitiosus. The vegetation assemblage 
includes an open woodland of scattered snappy gum (E. brevifolia) and rough-leafed range gum (C. 
aspera ) (left), as well as corkwood (H. lorea) and dogwood (right) 

Alluvial sediments 

The alluvial sediments (A) at Coyote are a mixture of mainly alluvial material, with 

some colluvial and aeolian inputs.  These sediments occupy much of the southern half 

of the study area (Figure 3.4).  They include various proportions of sand, gravel, silt, 

clay, ferruginous lag and some lithic fragments, with sediment thickness increasing to 

the south towards the main alluvial system and associated palaeovalley.  Drainage 

depressions (ed) and ephemeral swamps (aw) are the main landform settings, and form 

local depo-centres for sediment and sheetwash flow.  These minor alluvial regolith-

landform units drain to the south and southwest, into the main alluvial system that 

flanks the southern boundary of the mapping area. 

 

Aed1  is an alluvial drainage depression with a much higher percentage of silt and clay 

materials at the surface including fine to very fine silty sands with a minor aeolian 

component and minor sub-rounded to rounded ferruginous lag. A humic layer is at the 

surface of the regolith profile plus crusts of silty material. These landform units are 

characterised by local depressions with ephemeral water-ponding. 

 

This RLU is dominated by an  open woodland of dogwood (A. coriacea), desert 

bloodwood (C. opaca), rough-barked range gum (C. aspera) and scattered snappy gums 

(E. brevifolia). Plants such as M. glomerata and sedge are dominant in alluvial 

landforms, but the assemblage also includes shrubland consisting of A. stipuligera and 

A. jacksonia (Figure 3.17). Spinifex and assorted grasses form a hummocky grassland 
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understory. A. vitiosus and T. pastinator termitaria are abundant, with a considerable 

increase in density and relative height in the ephemeral swamp drainage depressions. 

 

  
Figure 3.17 Regolith materials (left), and the landscape setting (right), of the Aed1 regolith-
landform unit. Note the fine materials at surface, as well as the abundance of A. vitiosus mounds 
within these alluvial units 
  
Aed2 These alluvial drainage depression deposits are distinguished by the sparse tall 

tree cover. Surface materials are composed of fine to very fine red-brown quartz sands 

with a minor aeolian component and sub-rounded, medium to coarse-grained 

ferruginous material (Figure 3.18).  The vegetation is composed of hummocky 

grassland comprised of spinifex and mixed grasses with scattered M. glomerata, Acacia 

spp., snappy gum and dogwood. Termitaria are abundant, with a considerable increase 

in density and relative height as A. vitiosus becomes the dominant termite species. 

Site disturbance/fill units (FILL)  

Areas of anthropogenic disturbance include where drilling and vehicle tracks have 

overturned the surface sediments, cleared the vegetation, and disrupted the termite 

colonisation of the area (Figure 3.19). In many areas vegetation has been cleared to 

allow access for heavy machinery and trucks, as well as the construction of ‘turkey’s 

nests’ to hold drilling water.  The site disturbance may have also promoted plant 

growth, in some cases due to the greater amount of water runoff across the area. 

3.1.6 Summary of the regolith and Landforms of Coyote Au-deposit, Western 

Australia 

There are three main regolith-landform groups at the Coyote Au-deposit: colluvial, 

alluvial, and fill deposits.  The mapping area is mantled in the north by mostly colluvial 

deposits, with thin transported cover (<5 m) as exemplified by the coarse, angular to 

sub-angular lithic fragments, derived locally, in many CHpd units and exposed in tree-
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fall and lizard burrows.  The southern half of the study area is proximal to a major 

alluvial system and associated palaeochannel.  It is now dominated by alluvial deposits 

over the thick transported cover shown by previous exploration drilling, and 

characterised by a lack of locally derived lithic fragments within the surface materials 

and an increasing degree of rounding for quartzose sand grains and ferruginous lag 

gravels (Figure 3.20). 

 

The presence of raised areas within the CHpd1 unit (mapped as CHpd5) may be due to 

thin transported cover overlying an underlying geological topographic high.  Another 

cause for the creation of this slightly higher relief unit is the deposition of wind-blown 

aeolian sediments, especially around the bases of trees and grassy hummocks.  

 

  
Figure 3.18 Regolith materials comprised of very fine silty sand and clays (left), and the landscape 
setting of an open spinifex hummocky grassland (right), of the Aed2 regolith-landform unit. A. 
jacksonia, a small hardy shrub which prefers watercourses, is also present within this RLU 
 

  
Figure 3.19 Anthropogenically-disturbed regolith-landform unit (known as Fill) represented in 
both left and right images that overlie the main mineralisation zone at the Coyote Au-deposit 
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Figure 3.20 Images from the north (CT012) and south (CT130) of the study area with lithic/non-
lithic surface materials 
  
There is a major transition in termite species from north to south, with the low, rounded 

pavement mounds of the species D. rubriceps becoming sparse within the CHed and 

Aed units. This coincides with an increase in abundance of T. pastinator and A. vitiosus, 

which is able to be mapped. 

 

The ephemeral drainage, active in wet seasons, creates surface water flow and plays a 

large role in the dispersion of ferruginous lag across the landscape, as well as locally 

derived colluvium from tree-fall, burrowing and the desiccation of termitaria.  This 

process overturns the upper regolith profile, and rejuvenates the upper portion of the 

soil profile.  Bioturbation also impacts upon the surficial regolith as materials are 

winnowed due to sheetwash and winnowing of fine sediments occurs, in a process 

known as illuviation (Figure 3.21). 
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Figure 3.21 Surface water, cloudy from the winnowing of finer sediments, during 
an annual rainfall event in January 2006 

 
Termite speciation studies 
 

Termite speciation at the Coyote Au-deposit was investigated by mapping the 

termitaria, and making detailed descriptions during field mapping and sampling. The 

distribution of termitaria in the Tanami region has been discussed by numerous 

researchers, including Andersen and Jacklyn (2000), and Aspenberg-Traun & Perry 

(1998). 

 

The location and relative height of termitaria was recorded, with a total number of 550 

separate mounds recorded along a 20 metre-wide transect swath (Figure 3.22). 

Information on dispersion vectors was also recorded using litter dams. This information 

will be combined with the digital elevation model of the region, to give a better insight 

into the regolith-landform associations in the area. 
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Figure 3.22 ArcGIS map displaying termitaria height in graduated colours across all four 
transects at Coyote Au-deposit, Western Australia 

 

Detailed notes were taken on the morphology of the mounds, and some samples of 

termite soldiers collected from certain mounds were sent to Darwin for identification at 

the CRC for Tropical Savannahs. This led to the identification of three main species of 

termites, including  D. rubriceps, A. vitiosus and T. pastinator.  Table 3.1 shows the 

main termite groupings, and the general morphology of their mounds.  The species T. 

pastinator has been mapped within this project as A. vitiosus, despite morphological 

differences, due to the general paucity of  these mounds to observe in the study area. 
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Table  3.1 Main termite species and mound morphology at Coyote Au-deposit 

 
 

3.1.7 Descriptions of A. vitiosus mounds at Coyote Au-deposit 

The nests constructed by A. vitiosus at the Coyote Au-deposit are distinguishable by 

their tall, fluted structure (Figure 3.23) and their ability to rebuild when mounds are 

knocked over (Figure 3.24).  This often leads to the creation of several tall mounds from 

a singular base, unlike the T. pastinator species mounds which usually have a much 

wider base than turret.  Table 3.2 gives an overview of the main nest characteristics and 

summarises the visual features of these mounds, which may aid in identification.  

 
Figure 3.23   A. vitiosus mounds at the Coyote Au-deposit 
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Figure 3.24 Many nests are rebuilt if the original nest falls over (left), with the termites 
building several new turrets upwards, which may merge as the nest matures, as shown 
(right) 

 

Table 3.2   Summary of nest characteristics for the species A. vitiosus, at Coyote Au-deposit 
Nest shape Nest soil composition General size Chaff 

materials 
Tall, narrow, fluted 
mounds with usually 
narrower bases than 
the main body of the 
mound.  These 
mounds often branch 
from central towers, 
or are rebuilt from 
collapsed mounds.   

Mostly fine-to-medium well-sorted 
quartz sands within a silty-clay matrix, 
with a minor (<10%) medium to coarse 
polished ferruginous lag component in 
the outer nest walls. The bulk of the 
nest material is sandy silt with some 
very fine quartzose sand. The interior of 
the mounds, in the grass-storage 
chambers  usually consists of dark 
brown-grey silty organic material. 

Juvenile mounds may only 
be 0.1 m tall, but usually 
these epigeal nests are 
within 0.4 to 2.0 m in size at 
this study site. The bases 
are usually narrow in 
comparison to the central 
width of the mound, with 
bases usually 0.1 to 0.2 m in 
diameter.  

A mixture of 
spinifex and 
grasses, such 
as Mitchell 
Grass, which 
are present in 
the immediate 
area 
surrounding 
the mound.  

 

The soil materials used to create the nest may be described as well-sorted, fine to 

medium- grained quartz silty sand with minor ferruginous lag (less than 10%) which is 

mostly rounded and polished.  Within some mounds the ferruginous clasts are sub-

rounded, and range between medium to coarse sand grains (0.2 to 1 mm). The mounds 

range in colour depending on the materials used for construction, and include orange-

brown, to red-orange brown colours (Figure 3.25). 

 

The termites harvest a range of grasses, depending on which grass species are present in 

the surrounding understory.  The chaff size is mostly 0.5 to 0.8 cm in size, and also 

includes woody material (Figure 3.26). The interiors of the epigeal sections of the nest 
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are made of small (up to 1 cm diameter wide) chambers, which house the chaff plus 

fecal and waste matter. 

  
Figure 3.25 A. vitiosus nests come in different colours, depending on location and subsurface 
geology 

 

 
Figure 3.26 Harvested chaff within a sampled nest within an A. vitiosus  
mound,  Coyote Au-deposit 
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3.1.8 Descriptions of D.rubriceps mounds at Coyote Au-deposit 

A summary of the general characteristics of a D. rubriceps nest at Coyote is given in 

Table 3.3.  The D. rubriceps mounds are typically composed of silty sand, especially 

the outer wall, described generally as having a mud-crack texture (Figure 3.27a).  Many 

juvenile mounds do not have an external nest; the only indication that there is a mound 

is the dappled outer wall of the mound, which is flat-lying (Figure 3.27b). The mounds 

are composed of fine to medium-grained quartz sand, moderately sorted, with 10% – 

70% sub-rounded and polished, to sub-angular medium to very coarse-grained 

ferruginous lag, sand and pebbles (Figure 3.28). Many of the epigeal nests contain 

saprolitic, lithic and quartz clasts, usually angular and locally derived.   

 
Table 3.3  Summary of the mound characteristics of D. rubriceps mounds at Coyote Au-deposit 
Nest shape Nest soil composition General size Chaff materials

Low, rounded nests 
within a wide, 
indurated pavement.  
The outer walls are 
similar in pattern to 
mud cracks, with 
shallow linear 
depressions apparent 
in the cemented 
walls.  

Medium-to-coarse, moderate to poorly-
sorted quartzose sand plus silty material 
within the cement matrix.   Ferruginous 
lag, plus other coarse-sized clasts are 
used to armour the outer walls of the nest, 
and range in size from medium to very 
coarse, and may be sub-rounded and 
polished (in the case of the ferruginous 
nodules) to angular (e.g. the lithic clasts 
such as quartz, and saprolitic material 
included within the nest wall). 

Almost flat 
pavements, to low 
rounded mounds 
with multiple domes 
(up to 5) measuring 
0.2 to 0.6 m.  
Pavements are 
usually up to 1.5 m 
in diameter. 

Usually spinifex, 
harvested in 
pieces ranging 
from 0.8 to 1.0 
cm in size and 
stored in 
elongated 
chambers, 
usually in the 
epigeal sections 
of the nest. 

 

Elongated chambers inside the mound contain harvested chaff, usually derived from 

spinifex, which is 0.8 to 1.0 cm in length, on average.  Large areas around the main nest 

structure remain free of vegetation, and are usually much harder than the surrounding 

soil, due to the influence of termites proximal to the mound. The runoff from the 

mounds often spreads ferruginous material when eroded from the outer nest, as well as 

derived from nearby, as shown in Figure 3.29. 

 

These mounds are typically red-orange or brown in colour, depending on landscape 

position and the location of the sampling site. The interior mound walls are lined with a 

darker, organic material, which is normally comprised of silty sand. Older mounds often 

have whole sections filled with waste matter, and fecal material; however, the majority 

of mounds sampled at Coyote within this species used the epigeal and nest sections at 

surface for the storage of chaff (Figure 3.30). 
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Figure 3.27 Nests built by D. rubriceps feature mud-crack textures (a, left), and often do not have 
an epigeal component, instead forming low pavements (b, right) 
 

  
 

 
Figure 3.28 The outer nest walls of D. rubriceps nests (top); close-up of the inner side of the 
outer nest galleries (bottom); the image is approximately 7 cm wide.  
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Figure 3.29 Indurated soil surrounding a D. rubriceps nest, with surface flow direction 
indicated by the eroded ferruginous gravel 

 

  
Figure 3.30 Sampled mounds, showing the interior structure of the D. rubriceps nest including 
chambers full of chaff 

3.1.9 General distribution of termite mounds 

Although the ArcGIS map shows some detail in termitaria height distribution across the 

study area, the image is much too cluttered for accurate interpretation.  Alternatively, 

Excel can present the data in terms of simple graphs of termitaria height, for each 

transect.  An Excel-derived graph clearly shows the relationship between mound height 

(y-axis) and location (using northings as the x-axis).   

 

In Figure 3.31a, which shows the Transect 0, termite mound heights average 

approximately 0.5 m, with lower than average mound heights in the northern section 

(0.36 m) compared to the southern part of the transect (0.52 m).  A summary of average 

termitaria heights for all three transects is given in Table 3.4. The  ‘t’ and ‘p’ 
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classification system (denoting whether a mound is a tall, narrow mound ‘t’, or  low, 

rounded pavement mound, ‘p’) was not used during the reconnaissance sampling in 

2005.  The termitaria heights recorded from Transect 0 cannot be differentiated by 

species, unlike those for Transect 1 and Transect 2. 

 

Transect 1 follows a similar pattern, with low mounds present in the northern half of the 

transect, with an average height of 0.29 m, whilst south of mineralisation the average is 

0.44 m. A similar pattern is found for Transect 2, also, with an average height of 0.29 m 

in the northern half, and 0.44 m for mounds surveyed in the southern half of the 

transect. 

 

Using approximation of species, each recorded mound was given either a  ‘t’ or ‘p’ 

label, depending on the mound shape.  The displayed results of the distribution of ‘t’ 

and ‘p’ mounds along the transect, with ‘p’ mounds dominant in the northern section of 

the transect and ‘t’ mounds dominant along the southern section, compares well with 

the general distinction between the mound morphologies, where ‘p’ mounds are low and 

rounded, whereas ‘t’ mounds are generally taller. Transect 2 is the shortest transect 

completed at Coyote, and is along the western end of the mineralisation zone.  The 

average heights along the transect (Avg North, Avg South and Avg Total) are the same 

as those for Transect 1: 0.29 m, 0.44 m and 0.43 m respectively.   

 

Table 3.4  Key to average termitaria heights for all three transects, split into northern (Avg 
North) and southern (Avg Sth) sections, as well as averaged for the whole transect (Avg 
Total) 
 

Transect Avg North (m) Avg Sth (m) Avg Total (m) 

0 0.36 0.52 0.50 

1 0.29 0.44 0.43 

2 0.29 0.44 0.43 

 

Figure 3.31 provides a transect view of nest height relative to northing, from charts 

generated in Excel. All three transects share a noticeable paucity of mounds across the 

highlighted zone of mineralisation, which has been approximated from the orthophoto.  

The scarce distribution of mounds is in part due to the ongoing disturbance by drilling 

and the movement of vehicles across the tenement, as well as more recent clearing for 

line drilling.   
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Transect 1 follows a similar pattern of increased nest heights to the south of the main 

mineralisation zone. The average height of termitaria in the northern section of the 

transect is 0.29 m, whilst south of mineralisation the average is 0.44 m. Using an 

approximation of species, each recorded mound was given either a ‘t’ or ‘p’ label, 

depending on the mound shape.   

 

The results of the distribution of ‘t’ and ‘p’ mounds along the transect, shows ‘p’ 

mounds dominant in the northern section of the transect and ‘t’ mounds dominant along 

the southern section,  comparing well with the general distinction between the mound 

morphologies where ‘p’ mounds are low and rounded, whereas ‘t’ mounds are generally 

taller. Transect 2 is the shortest transect completed at Coyote, and is along the western 

end of the zone of mineralisation.  The average heights along the transect (Avg North, 

Avg South and Avg Total) are the same as those for Transect 1: 0.29 m, 0.44 m and 

0.43 m, respectively.   

 

Results for both Transect 1 and Transect 2 are skewed to the south due to the sampling 

arrangement, which focused on crossing regolith-landform units instead of following a 

pre-determined geophysical line. 
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Figure 3.31 Termite height vs. northing for the three transects, Transect 0 (top), Transect 1 
(centre), and Transect 2, (bottom) as mapped at Coyote. The light orange bar denotes the zone of 
mineralisation, and also outlines where extensive drilling has been undertaken.  This data includes 
all termite species mapped at Coyote Au-deposit.  
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3.1.10 Discussion: associating termitaria distribution with regolith-landforms 

Field observations and landform associations have enabled the creation of regolith-

landform and derivative maps, detailing the distribution of sediments, landforms, 

vegetation and termite species across the deposit.  Figure 3.32 displays a derivative map 

that outlines zones of speciation of the main mound-building termites at the Coyote Au-

deposit. Zone I outlines the extent to which D. rubriceps is dominant, with few recorded 

instances of other mound-building species, whereas Zone III details the extent to which 

the species A. vitiosus is the dominant mound-building species.  Zone II includes nests 

constructed by both D. rubriceps and A. vitiosus, with relative numbers for both species 

ranging between 80:20 to 20:80 (A. vitiosus : D. rubriceps). Due to time constraints 

when mapping, the abundance of both species was not determined.  

 
Figure 3.32 Derivative map detailing zones of speciation for the termite species D. rubriceps 
(Zone I),  A. vitiosus (Zone III), and a combination of both species (Zone II) 
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When the speciation zones are overlain onto the regolith-landform map (Figure 3.33), 

the trends for certain termite species associated with regolith-landform units becomes 

evident.  For instance, termitaria constructed by D. rubriceps are abundant within 

colluvial sheetwash depositional plain units (CHpd), but are very rare in the alluvial 

(Aed, Apd) units except where thin transported cover is recorded (i.e. the south-western 

and south-central areas of the map).   The central zone (Zone II) includes both A. 

vitiosus and D. rubriceps; this zone corresponds with colluvial sheetwash drainage 

depressions (CHed) and CHpd units which are subject to ephemeral flooding. A. 

vitiosus mounds are abundant in the southern alluvial regolith-landform units, shown as 

Zone III. 

 

The three zones correlate well with the observed termitaria-regolith-landform 

observations from fieldwork conducted in 2005 and 2006, and referred to in Petts & Hill 

(2007). These observations also correspond with those of Williams (1968), Aspenberg-

Traun & Perry (1998), Andersen & Jacklyn (1993) and Andersen et al. (2005) in areas 

of northern Australia, where the distribution of termitaria is closely related to landform.  

At Coyote Au-deposit, termitaria distribution is influenced by regolith and landform 

features, including vegetation, which are in turn intrinsically linked to geology and 

hydrology.   It may be concluded that, at this study area, distribution of termite mounds 

is directly related to landscape regime and local drainage. At the Coyote Au-deposit, 

topography is an important factor in determining the development of drainage systems. 

In the Tanami region, it is fluvial (alluvial) surface drainage which will directly 

influence the composition of surficial materials and vegetation assemblage, which in 

turn influences the distribution of termite species.



Termitaria as regolith landscape attributes and sampling media in northern Australia Chapter 3 

 68 

 
Figure 3.33 Combined regolith-landform and speciation zones map, highlighting the occurrence 
of certain termite species within regolith-landform units 
 
Termitaria geochemistry and mineralogy at Coyote Au-deposit 
 

Termitaria sampling at Coyote Au-deposit involved the collection of samples along 

transects which run across the main lodes of mineralisation. The aim of this sampling 

was to quantify the surficial expression of mineralisation within termitaria. A number 

of detailed surveys of mound geochemistry were also conducted, both spatially, where 

a number of mounds built by the same termite species were sampled, and close to 

drillholes where detailed lithological logs of the regolith profile were completed. 

3.1.11 Termitaria mineralogy at Coyote Au-deposit 

Both an orientation and a transect-based, secondary survey of the mineralogy of the 

sampled termitaria have been conducted at Coyote Au-deposit. The XRD and XRF 

analysis was undertaken at Geoscience Australia, Canberra, as outlined in chapter 3.  

Orientation mineralogical survey 

An orientation mineralogy survey of the termitaria sampled at Coyote Au-deposit was 

undertaken in 2006; in 2007-2008, a follow-up analysis using XRD has revealed a 

much greater mineral assemblage within the Fraction 1 (silt) samples. XRD analysis 

of the original 6 termitaria samples from Transect 0 found that the most common 
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minerals within the mounds (CY008, CY027, CY032, CY038 and CY047) within the 

fine fraction (Fraction 1) were quartz (Qtz), followed by kaolinite (Kaol), kaolinite-

montmorillionite (Kaol-Mont), zircon (Zirc) and rutile (Rut). Fraction 2 mineralogy 

was similar for the main minerals (Qtz, Kaol-Mont), but included goethite (Gth) and 

anatase (Ana).  Haematite (Hmt) dominated the secondary minerals within the 

coarser, Fraction 3 mineralogy, as well as titanate (Tit) and Gth (Table 3.5 to 3.7). 

 

Table 3.5 Fraction 1 XRD mineralogy results for select termitaria samples at Coyote Au-deposit 
Sample Mineralogy 

CY008TM          Qtz Kaol Kaol-Mont Zirc Rutile       

CY027TM          Qtz Kaol Kaol-Mont Zirc Rutile Cerussite     

CY032TM          Qtz Kaol Ill Hmt Mgh       

CY038TM          Qtz Kaol-Mont Ana Zirc Mont-21 Mgh Hmt Gth 

CY047TM          Qtz Kaol Zirc Ana Hmt Gth Mgh   

 

Table 3.6 Fraction 2 XRD mineralogy results for select termitaria samples at Coyote Au-deposit 
Sample Mineralogy 

CY008TM   Qtz Kaol-Mont Kaol Ana Gth Hmt Mgh Tit Zirc Ill Mont 

CY027TM   Qtz Kaol-Mont Kaol Ana Gth Hmt Mgh Tit Zirc Ill Mont 

CY032TM   Qtz Kaol-Mont Kaol Ana Gth Hmt Mgh Tit Zirc Ill Mont 

CY038TM   Qtz Kaol-Mont Kaol Ana Gth Hmt Mgh Tit Zirc Ill Mont 

CY047TM   Qtz Kaol-Mont Kaol Ana Gth Hmt Mgh Tit Zirc Ill Mont 

 
Table 3.7 Fraction 3 XRD mineralogy results for select termitaria samples at Coyote Au-deposit 
Sample Mineralogy

CY008TM   Qt Kaol-Mont Hmt Gth Tit Zirc Ank 

CY018TM   Qtz Kaol-Mont Hmt Gth Tit Zirc Mont 

CY038TM   Qtz Kaol-Mont Hmt Tit Zirc     

CY047TM   Qtz Kaol-Mont Hmt Tit Zirc     

.  

3.1.12 Interpretation of Coyote termitaria geochemical results 

The orientation survey provided useful information on the distribution of minerals at 

the deposit, which is displayed in Figure 3.34. In the north of the sampling area Qtz-

Kaol-Mont-Zirc-Rut are the dominant mineralogical assemblage, and with Qtz-Kaol-

Mont-Hmt-Mgh over mineralisation. The presence of Mgh is not unusual, as one of 

the main formation mechanisms for Mgh is bushfires where heat in combination with 

vegetation (carbon) transforms Hem/Gth in clay matrix, or aggregates or nodules, to 

Mgh.To the south of mineralisation (central to the study area), the termite mound 

mineralogy changes to Qtz-Kaol-Mont-Ana-Zirc-Hem, with minor Gth and Hem.  

This may reflect an increase in depth of transported cover, to the south, since the 

secondary minerals of clay (Kaol-Mont) are replaced in the mineralogy by the more 
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resistive Zirc and Ana. The presence of Gth to the south of mineralisation, suggests a 

regular wetting of the regolith profile, or the collection of water in drainage 

depressions that would favour the development of this mineral.  The clay minerals 

may possibly indicate a weathered bedrock source, if clay is present in small amounts 

within surface soils.  This interpretation, however, is based on bulk data analysis and 

may not be accurate. 

 

It is also entirely plausible that the patterns observed in could also be due to the 

distribution of the mounds. Each species of termite at Coyote has been shown to 

dominate certain regolith-landform units (previous section), which have been 

described as three zones across the northern, central and southern parts of the study 

area.  An investigation into the nature of the underlying pedolith profile can be done 

using the mineralogical study of Eggleton, Worrall & Smith (2007), conducted at the 

same time as the termitaria sampling. A summary of the key results of this study is 

shown in Table 3.8. Minerals such as Mgh are found in the drillcore mineralogical 

study to be present in sediments sampled at 17.91 m (CYGT01), but not in the 

surficial sediment samples. This same mineral is present in all of the termitaria 

Fraction 2 samples, as shown in Table 3.6. Other minerals such as Ank, shown to be 

present in the drillhole CYGT02 at 21.4 m depth, and Ill (CYGT01, 156.4 m depth), 

as well as interpreted from preliminary XRD scans to be within the sampled 

termitaria, demonstrate the possible penetration depths of termites – if not to the 

extremes of 150 m depth, definitely to the saprolith-pedolith interface where this 

weathered bedrock, containing minerals such as Ank and Ill, may be preserved. 

Unfortunately this has not been fully tested within the scope of this study, but further 

interpretation of XRD results may yet yield a more definite answer to this problem. 

 

The origin of the observed minerals within the mounds is likely to be weathered 

bedrock, which may be tested by a multi-element geochemical study of termitaria 

across the study area. A better understanding of the materials used by termites to 

construct their mounds can be achieved by separating these mineralisation signatures, 

thus aiding development of a model for pedolith-termitaria interactions.  
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Table 3.8 Thin section and XRD mineralogy for logged core from Coyote for the drillholes, 
CYGT001 and CYGT002 (summarized from Eggleton, Worrall & Smith, 2007). 

 

3.1.13 Termitaria geochemistry from transect sampling 

As part of the investigation into regolith-landform and termitaria associations at 

Coyote Au-deposit, mound wall samples were collected from termitaria across the 

area of primary mineralisation and adjacent to non-mineralised areas. A total of 161 

termitaria samples were collected from the Coyote site (Figure 3.35), which 

correspond to the transect-based biogeochemical sampling by Reid (2006). Five 

detailed mound surveys and sampling sites were included, corresponding to the 

downhole hydrogeochemical and mineralogical surveys conducted by Kirste (2007) 

and Smith et al (2007) as well as a detailed sampling site where 12 termitaria of the 

same species were collected in a 5 m2 grid. 

 

a1172507
Text Box
                                           NOTE:      This table is included on page 71 of the print copy of      the thesis held in the University of Adelaide Library.
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Figure 3.34 Mineral assemblages for the Transect 0 termitaria, based on orientation 
samples which were analysed at Geoscience Australia 

  
 

Twenty-six elements were analysed by ICP-MS at ACME Analytical Laboratories, 

Canada. The sample preparation techniques and analytical procedures are discussed in 

chapter 2.  These elements will be discussed with particular attention to locally 

significant distribution patterns, threshold values, and elemental associations, 

calculated from the termitaria sample analytical results.  

 

The correlation values were generated within Excel™, using the data analysis tool.  A 

summary of the main correlations is presented in Table 3.9, with the complete 

Excel™ table of correlations included in Appendix E.  Although three grain size 

fractions were collected and prepared (Fraction 1, < 75 µm mesh; Fraction 2, between 

75 µm and 1 mm mesh; and, Fraction 3; > 1 mm mesh), only the finer fraction 

(Fraction 1) was submitted for analysis.  
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The four main patterns of elemental distribution for the termitaria samples at Coyote 

Au-deposit have been outlined in Figure 3.36, with summary statistics outlined in 

Table 3.10. The patterns may be summarised as: 

 Pattern 1:  Maximum values centred within the four transects 

 Pattern 2:  Elements  predominantly high in the southern part of the study area 

 Pattern 3:  Highest in the northern part of the study area   

 Pattern 4:  Elements distributed without an apparent or with an irregular 

pattern. 

 

The elemental results of the geochemical analysis are presented in Figures 3.37 to 

3.44.  

 
Figure 3.35 ArcGIS-derived representation of the sampling transects utilised during 
fieldwork at Coyote Au-deposit in February 2006.  The map is presented in GDA94 
UTM z52 format 
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Table 3.9  Summary of correlation coefficients calculated from termitaria sample 
analytical results for Fraction 1 samples, Coyote Au-deposit 

 
Element Correlates with 

Al Ga (0.76) 

Bi Cr (0.78); Fe (0.77); Th (0.8) 

Co Ni (0.75) 

Cr Cu (0.77); Fe (0.81); Ga(0.76); Pb (0.77); V (0.76) 

Cu Ni (0.77) 

Fe Ni (0.81); Pb (0.79); V (0.95) 

Ga Sc (0.79) 

Ni Co (0.75); Cu (0.77); Fe (0.81) 

Pb Bi (0.81); Cr (0.77) 

Sc Ga (0.79) 
Th Bi (0.8) 
V Cr (0.76); Fe (0.95) 

. 

 
Figure 3.36 Patterns of elemental distribution within Fraction 1 termitaria samples at Coyote Au-
deposit 
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 Table 3.10 Summary of mean, minimum, maximum, and anomaly threshold values as well as 
spatial distribution patterns for the Fraction 1 termitaria geochemistry analytical results, where 
n=161 

Element Mean Min Max Anomaly 
threshold 

Spatial 
pattern 

Ag_ppb 18.40 9.00 56.00 31.70 Centre 

Al_percent 1.21 0.91 2.00 1.47 South 

As_ppm 5.91 1.40 50.00 22.07 Centre 

Au_ppb 2.15 0.20 15.80 7.38 Centre 

B_ppm 2.69 0.00 28.00 28.00 North 

Ba_ppm 120.26 48.10 587.70 267.16 Centre 

Bi_ppm 0.30 0.22 0.39 0.37 Centre 

Ca_% 0.21 0.11 0.47 0.34 Irregular 

Cd_ppm 0.03 0.00 0.08 0.04 Irregular 

Co_ppm 6.60 3.70 15.10 9.69 Centre 

Cr_ppm 29.47 22.40 38.20 35.27 Centre 

Cu_ppm 11.10 7.97 15.22 13.73 Centre 

Fe_% 2.50 1.85 3.52 3.28 Centre 

Ga_ppm 6.12 4.80 8.30 7.38 South 

Hg_ppb 20.60 9.00 36.00 30.00 Irregular 

K_% 0.13 0.09 0.19 0.16 Irregular 

La_ppm 15.16 10.00 20.60 18.99 Irregular 

Mg_% 0.08 0.04 0.19 0.14 Centre 

Mn_ppm 295.32 130.00 576.00 417.80 North 

Mo_ppm 0.30 0.16 0.76 0.42 Centre 

Na_% 0.01 0.00 0.02 0.02 Irregular 

Ni_ppm 8.63 5.70 13.10 11.78 Centre 

P_% 0.01 0.01 0.02 0.02 Centre 

Pb_ppm 8.45 5.59 12.34 10.89 Centre 

S_% 0.00 0.00 0.03 0.03 Irregular 

Sb_ppm 0.05 0.00 0.12 0.09 Centre 

Sc_ppm 5.80 4.10 7.40 6.79 Centre 

Se_ppm 0.35 0.20 0.80 0.60 North 

Sr_ppm 23.07 10.80 47.80 36.89 Irregular 

Te_ppm 0.01 0.00 0.06 0.05 South 

Th_ppm 8.14 6.00 11.20 9.70 Irregular 

Ti_ppm 0.01 0.01 0.02 0.02 Centre 

Tl_ppm 0.16 0.11 0.24 0.21 Irregular 

U_ppm 1.42 1.00 2.30 2.00 South 

V_ppm 50.69 38.00 71.00 64.00 Centre 

W_ppm na na na na na 

Zn_ppm 9.89 5.40 18.60 15.94 Centre 
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Figure 3.37 Distribution of elements across the Coyote Au-deposit for the Pattern 1 elements of 
Ag, As, Au and Ba within the finer Fraction 1 of termitaria, collected in January 2006; n=161. 
 Coordinate system is GDA 94 z52. 
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Figure 3.38 Distribution of elements across the Coyote Au-deposit for the Pattern 1 elements of 
Bi, Cr, Cr, and Cu within the finer, Fraction 1 of termitaria, collected in January 2006; n=161.  
Coordinate system is GD94 UTM z52 
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Figure 3.39 Distribution of elements across the Coyote Au-deposit for the Pattern 1 elements Fe, 
Mg, Mo and Ni within the finer, Fraction 1 of termitaria, collected in January 2006; n=161. 
Coordinate system is GD94 UTM z52 
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Figure 3.40 Distribution of elements across the Coyote Au-deposit for the Pattern 1 elements Pb, 
Sb, Sc and Zn within the finer, Fraction 1 of termitaria, collected in January 2006; n=161.  
Coordinate system is GDA 94 z52 
. 
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Figure 3.41 Distribution of elements across the Coyote Au-deposit for the Pattern 2 elements Al, 
Ga and Mg, within the finer, Fraction 1 of termitaria, collected in January 2006; n=161.  
Coordinate system is GDA 94 z52 
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Figure 3.42 Distribution of elements across the Coyote Au-deposit for the Pattern 3 elements B, 
Mn and Se, within the finer, Fraction 1 of termitaria, collected in January 2006; n=161.  
Coordinate system is GDA 94 z52 
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Figure 3.43 Distribution of elements across the Coyote Au-deposit for the Pattern 4 elements Cd, 
Hg, K, and La, within the finer, Fraction 1 of termitaria, collected in January 2006; n=161.  
Coordinate system is GDA 94 z52 
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Figure 3.44 Distribution of elements across the Coyote Au-deposit for the Pattern 3 elements Na, 
Sr, Th and Tl, within the finer, Fraction 1 of termitaria, collected in January 2006; n=161.  
Coordinate system is GDA 94 z52 
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3.1.14 Interpretation of Coyote termitaria geochemical results 

 

The main sources for the elements analysed for in the termitaria at Coyote are as 

follows: 

 surficial fraction (clays/pedolith/soil) 

 bedrock/saprock 

 vegetation (nutrients) 

 minerals  

 mineralisation and groundwater. 

Although Au is the economic element at Coyote, and usually has a strong association 

with several pathfinder elements such as As, it does not correlate with any elements 

that were included in the analytical suite. Nickel, Co, Cr and Cu closely correlate with 

each other (r > +0.75), as do the common clay-forming components Al, and Ga (r = + 

0.76). 

 

The surficial fraction represents those elements derived mainly from mineral 

weathering in the pedolith/soil profile, especially clay minerals.  The analysed 

elements at Coyote most likely to be derived from this part of the regolith would be 

Al, Ba, Ca, Co, Cu, Fe, Ga, Mg, Mn, Ni, Se, Sr, Ti, Tl, U, V and Zn.  Copper and Ni 

are closely correlated (0.77), whilst V and Fe correlate very closely (0.95), indicating 

a significant association. Nickel is likely to be derived from weathered bedrock; Se 

and Tl are derived from clay minerals in rocks; and U is adsorbed to clays.  Zinc may 

be present due to the weathering of sulphide minerals, and Sr, which is usually 

associated with marine carbonates, may be derived from the atmosphere or 

groundwater (Dart et al. 2007). The elements Zn and Sr have a moderately significant 

correlation (0.5). 

 

The geochemical signature of elements such as B, Bi, Cd, Cr, Fe, Ga, K, La, Mn, Ni, 

Pb, Sc, Se and Sr are likely to be derived from saprock sources, such as: argillaceous 

sediments (B, Bi, Cd, La, Pb and Sc); igneous rocks (Cr, Ni, Pb, and Sc); and, 

carbonates (Ca and Sr). Bismuth correlates closely with Cr (0.78) and Fe (0.77), and 

Pb with Bi (0.81) and Cr (0.77). This suggests that the signatures of these elements in 

particular are derived from the weathered siltstone and sandstone of the Killi Killi 
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Formation. The elements Ca and Sr do not share a significant coefficient, although it 

is positive (0.53). 

 

Elements such as Ca, K, Mg, Na, P, S and Zn are usually essential plant nutrients as 

well as typically being present in regolith. The results at Coyote for these elements 

could reflect the influence of spinifex and other grasses, harvested and consumed by 

the termites and incorporated into their mounds. The S concentrations are particularly 

high for silt and clay materials when compared to S values within soils globally 

(Kabata-Pendias, 2001), and also when compared to soil analysis results at the nearby 

Titania Au prospect. 

 

Landscape setting may also be responsible for the interpreted patterns of the surficial 

expression of elements across the Coyote study area. Observations of both the 

mineralogical and the transect-based geochemical sampling patterns reveal very 

similar distributions across the area.  

3.1.15 Distinguishing influences on geochemical patterns 

As explained at the start of this chapter, mound-building termites in particular exhibit 

strong preferences for the setting of their colony in the landscape. The geochemical 

expression of pathfinder elements such as Mo and As, as well as Au, may be biased 

towards being proportionately higher or lower in mounds constructed by certain 

species, which may be active to different depths of the pedolith. These species may 

also utilise different construction materials, which again may bias the elemental 

distribution. Therefore, a comparison of all the transect-geochemistry data and the 

species-based (i.e. only the D. rubriceps mound results vs the total mound results) 

allows an investigation into whether the anomalous values have emerged due to 

material differences within the mounds and related to speciation, or are in fact due to 

landscape setting.  

 

In order to investigate which variables are significantly influencing the observed 

geochemical patterns, the Fraction 1 geochemical assay results for this study were 

split into three groupings, i.e. total samples, A. vitiosus samples, and D. rubriceps 

samples. Elemental results for each species can then be visually critiqued for any 
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variance in anomalous values across the study area, and compared with the 

geochemical pattern for all Fraction 1 samples.  

 

From the total of 36 analysed elements, six were chosen based on their pathfinder and 

mineralisation affinities, including Au. These include Ag, As, Co, Cu, Mo and Au. An 

Excel™ chart for each grouping (Total, A. vitiosus and D. rubriceps) displays the 

comparative data (Figures 3.45 to 3.50). 

 

The Ag results for the A. vitiosus grouping do not differ greatly from the Total group, 

and generally the A. vitiosus samples are on average greater in value than the D. 

rubriceps group for Ag.  Whilst the A. vitiosus mounds are more widely distributed, 

with on average a higher background Ag value (20.23 ppb) compared to D. rubriceps 

(15.88 ppb), the D. rubriceps mounds within the centre of Transect 0 are higher in Ag 

compared to A. vitiosus. 

 

For As, the geochemical pattern analysis for D. rubriceps is again limited due to 

distribution mostly in the north and eastern part of the transect study area. When 

compared to the A. vitiosus values nearby, however, this group appears to have similar 

assay results, except in the northern and eastern part of the study area where values 

are slightly higher than those within the A. vitiosus group. 

 

The Au results for the A. vitiosus samples are very similar to those for D. rubriceps, 

with similar anomalies at the centre of the study area. The pavement building species, 

D. rubriceps, has a lower background vaue for Au, however, compared to A. vitiosus. 

The elements Co, Cu and Mo all show similar characteristics for assay results 

obtained from both species of mounds, with values displaying a small range. 
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Figure 3.45 Species comparison of Ag values between A. vitiosus, n=98 (left) and D. rubriceps, 
n=63 (right) 

 
Figure 3.46 Species comparison of As values between A. vitiosus, n=98 (left) and D. rubriceps, 
n=63 (right) 
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Figure 3.47 Species comparison of Au values between A. vitiosus, n=98 (left) and D. rubriceps, 
n=63 (right) 

 
Figure 3.48 Species comparison of Co value between A. vitiosus, n=98 (left) and D. rubriceps, 
n=63 (right) 
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Figure 3.49 Species comparison of Cu values between A. vitiosus, n=98 (left) and D. rubriceps, 
n=63 (right) 

 
Figure 3.50 Species comparison of Mo values between A. vitiosus, n=98 (left) and D. rubriceps, 
n=63 (right) 
.  
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These results suggest that whilst A. vitiosus has a much wider distribution across the 

study area than D. rubriceps, there is little difference in the location of anomalous 

values for mineral and pathfinder elements such as As and Au. Many elements 

(including Co, Cu and Mo) are equally present in samples taken from mounds from 

either termite species. This suggests that the significant variables influencing the 

observed geochemical patterns are not related directly to speciation or particle selection, 

as both species have been shown to delineate the central lode of mineralisation despite 

some difference in their use of construction materials.  

 

The suggestion that landscape setting and vegetation are also affecting the expression of 

anomalous values is shown to be false, at least in this study, as the two primarily grass-

feeding termite species contain very similar anomalous values. The only variation 

between dietary habits for these species is that A. vitiosus may also harvest wood and 

other pieces of vegetative matter, not just grass, which may assist in understanding 

some western anomalies in the Au results for A. vitiosus. 

 

A comparison of the total Fraction 1 geochemistry for all termitaria species across the 

Coyote study area has shown that the general patterns observed are not influenced by 

speciation. Using the A. vitiosus and D. rubriceps assay results, it was observed that the 

significance of speciation on influencing the geochemical assay results was much less 

than the influence of variables such as location, which is linked in turn to the nature of 

the substrate, vegetation assemblage and physical and chemical dispersion pathways 

(groundwater movement, mechanical transport of surface lag).   

 

3.1.16 Detailed termitaria survey, CT300 

The 2006 fieldwork and geochemical sampling program at Coyote Au-deposit included 

the sampling of 14 A. vitiosus mounds to the west of the main mineralisation zone, as 

well as the transect-based geochemical survey.  The aim of the extra sampling was to 

collect samples from a number of termitaria, which were all of the same species and 

within metres of each other, as shown in the following geochemical maps derived from 

ArcGIS.  This allows for a comparison to be made between mounds constructed by the 

one species, which would use similar construction materials derived from the same 

substrate and within the same regolith-landform unit. The main outcome of this survey 
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will hopefully be through investigation of the geochemical variation of mounds 

constructed by the same species. 

 

The analytical results for this detailed survey are taken from the same dataset analysed 

by ACME Analytical Laboratories in Vancouver, Canada.  The sample preparation and 

laboratory procedures are the same as for the main geochemical dataset for the transect 

datapoints.  ArcGIS has been used to display the data (Figures 3.51 to 3.84), and assign 

statistical breaks using the Natural-Jenks classification.  The elements S and W were 

below the analytical detection limit and are not included in the following geochemical 

maps.  The full geochemical data set for this analysis is included in the digital data in 

Appendix E. 

 

 
Figure 3.51 Geochemical map displaying the response of Ag within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 

 

 
Figure 3.52 Geochemical map displaying the response of Al within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
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Figure 3.53 Geochemical map displaying the response of As within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
  
 

 
Figure 3.54 Geochemical map displaying the response of Au within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
 

 
Figure 3.55 Geochemical map displaying the response of Ba within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
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Figure 3.56 Geochemical map displaying the response of Bi within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 

 

 
Figure 3.57 Geochemical map displaying the response of Ca within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
 

 
Figure 3.58 Geochemical map displaying the response of Cd within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12: Coordinate system is GDA 94 z52 
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Figure 3.59 Geochemical map displaying the response of Co within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 

 

 
Figure 3.60 Geochemical map displaying the response of Cr within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12.  Coordinate system is GDA 94 z52 
 

 
Figure 3.61 Geochemical map displaying the response of Cu within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12.  Coordinate system is GDA 94 z52 
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Figure 3.62 Geochemical map displaying the response of Fe within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12.  Coordinate system is GDA 94 z52 

 

 
Figure 3.63 Geochemical map displaying the response of Ga within the finer, Fraction 1 of 
termitaria collected in January 2006; n=1.  Coordinate system is GDA 94 z52 

 

 
Figure 3.64 Geochemical map displaying the response of Hg within the finer, Fraction 1 of 
termitaria collected in January 2006; n=1.  Coordinate system is GDA 94 z52 
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Figure 3.65 Geochemical map displaying the response of K within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12.  Coordinate system is GDA 94 z52 

 

 
Figure 3.66 Geochemical map displaying the response of La within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 

 

 
Figure 3.67 Geochemical map displaying the response of Mg within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
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Figure 3.68 Geochemical map displaying the response of Mn within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12.  Coordinate system is GDA 94 z52 

 

 
Figure 3.69 Geochemical map displaying the response of Mo within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 

 

 
Figure 3.70 Geochemical map displaying the response of Na within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
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Figure 3.71 Geochemical map displaying the response of Ni within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 

 

 
Figure 3.72 Geochemical map displaying the response of P within the finer, Fraction 1 of termitaria 
collected in January 2006; n=12. Coordinate system is GDA 94 z52 

 

 
Figure 3.73 Geochemical map displaying the response of Pb within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
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Figure 3.74 Geochemical map displaying the response of Sb within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12: coordinate system is GDA 94 z52 
 

 
Figure 3.75 Geochemical map displaying the response of Sc within the finer, Fraction 1 of 
termitaria collected in January 2006; n=1. Coordinate system is GDA 94 z52 

 

 
Figure 3.76 Geochemical map displaying the response of Se within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
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Figure 3.77 Geochemical map displaying the response of Sr within the finer, Fraction 1 of 

         termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
 

 
Figure 3.78 Geochemical map displaying the response of Te within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12:Ccoordinate system is GDA 94 z52 
 

 
Figure 3.79 Geochemical map displaying the response of Th within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 
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Figure 3.80 Geochemical map displaying the response of Ti within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12.  Coordinate system is GDA 94 z52 

 

 
Figure 3.81 Geochemical map displaying the response of Tl within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12. Coordinate system is GDA 94 z52 

 

 
Figure 3.82 Geochemical map displaying the response of U within the finer, Fraction 1 of termitaria 
collected in January 2006; n=12.  Coordinate system is GDA 94 z52 
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Figure 3.83 Geochemical map displaying the response of V within the finer, Fraction 1 of termitaria 
collected in January 2006; n=12.  Coordinate system is GDA 94 z52 

 

 
Figure 3.84 Geochemical map displaying the response of Zn within the finer, Fraction 1 of 
termitaria collected in January 2006; n=12.  Coordinate system is GDA 94 z52 
 

The geochemical results for the 13 mounds sampled at site 481731 mE 7799758 mN 

(AGD84 z52) are summarised in Table 3.11.  Whilst there is some significant variation 

between some of the mounds, for the Ag, Ba, Hg, Mn, Pb, and Zn, most of the sample 

results are similar.  This confirms that there is little local variability between mounds of 

the same species, meaning that any mounds within tens of metres of each other will 

provide similar geochemical results.  

 

The detailed survey results show little variation from those obtained from the transect 

sampling over mineralisation for Al, Bi, Fe, Hg, Mg, Na, P and Sb, as shown in the 

Tukey plots for these elements (Figure 3.85).  There is a significant difference in the 

maximum values obtained for Ag, As, Au, Ba, Ca, Cd, Co, Cr, Cu, Mn, Mo, Ni, S, Sc, 

Se, Sr, Th, Ti, Tl, U, V and Zn. 
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Table 3.11   Summary statistics for the detailed termitaria sampling at Coyote Au-deposit, 
at the field site 481731 mE 7799758 mN (AGD84 z52); n=12 

Element Min Max Mean Standard 
deviation 

Ag_ppb 11 19 16 2.35 
Al_% 0.92 1.1 1.01 0.05 
As_ppm 3.2 5.2 3.81 0.51 
Au_ppm 0.9 2.8 1.72 0.54 
B_ppm na na na na 
Ba_ppm 55.3 90.4 70.9 9.81 
Bi_ppm 0.25 0.28 0.27 0.01 
Ca_% 0.13 0.24 0.17 0.03 
Cd_ppm 0.01 0.05 0.04 0.01 
Co_ppm 5.5 7.4 6.29 0.60 
Cr_ppm 26.3 30.7 28.31 1.29 
Cu_ppm 10.16 12.05 10.89 0.50 
Fe_% 2.3 2.64 2.43 0.11 
Ga_ppm 5 5.8 5.39 0.30 
Hg_ppb 9 22 16.08 4.23 
K_% 0.1 0.12 0.11 0.01 
La_ppm 12.4 13.9 13.01 0.50 
Mg_% 0.06 0.1 0.07 0.01 
Mn_ppm 224 301 259.46 27.26 
Mo_ppm 0.26 0.34 0.30 0.02 
Na_% 0.004 0.014 0.01 0.00 
Ni_ppm 7.7 9.9 8.57 0.64 
P_% 0.016 0.022 0.02 0.00 
Pb_ppm 6.95 9.16 7.84 0.49 
S_% na na na 0.00 
Sb_ppm 0.07 0.09 0.08 0.01 
Sc_ppm 5 5.8 5.49 0.27 
Se__ppm 0.2 0.4 0.24 0.07 
Sr_ppm 11.6 17.9 14.11 2.05 
Te_ppm 0 0.03 0.01 0.01 
Th_ppm 6.5 7.5 6.91 0.40 
Ti_ppm 0.011 0.015 0.01 0.00 
Tl_ppm 0.11 0.15 0.13 0.01 
U_ppm 1 1.3 1.15 0.10 
V_ppm 47 54 49.85 2.23 
W_ppm na na na na 
Zn_ppm 9.5 14.3 12.08 1.77 

 

Figures 3.85 and 3.86 display Tukey plots for both the detailed termitaria and transect 

termitaria Fraction 1 geochemical results, for the elements Ag, As, Au, Co, Cu, Mo, Ni, 

Sr, and Zn. Many of these elements would be related to mineralisation, which would 

make the maximum values for the transect termitaria sampling significantly higher than 

those for the detailed survey, which is in an area of little mineral prospectivity.  

 



Termitaria as regolith landscape attributes and sampling media in northern Australia Chapter 3 

 104 

The sampling grid also extends into different regolith-landform units (alluvial to the 

south and colluvial to the north), which may explain the difference in occurrence of 

some of these elements between the two sampling areas, such as for the element Zn. 

Changes in lithology within the substrate may also be expressed in the termitaria 

geochemistry for CT300, such as the higher values of Zn within the CT300 samples, 

compared to the transect-based termitaria samples.  Results for La and Pb were lower in 

the main transect sampling results, than for the detailed survey results, which may also 

be regolith-landscape unit related—or due to a change in regolith chemistry as the 

sampling moves further west. 

 

Table 3.12 provides correlation coefficients (r) for the detailed termitaria survey results. 

Significant correlations between the samples obtained from the detailed survey include 

Au and Fe, Ga, Sc, U, and V (r > +0.75). These elements appear to be related to 

mineralisation, due to their high correlation with Au; however, they may also be 

associated with the underlying bedrock, which the termites are sampling for 

construction materials. Elements such as Al, Cu and Fe, have correlation values higher 

than +0.75, and appear to be related to the inclusion of clay and clay aggregrates in the 

termite mounds.  
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Figure 3.85 Tukey plots displaying the geochemical results for detailed survey (red, left) 
and termitaria (orange, right) samples for the elements Al, Cu, Bi, Fe, Hg, Mg, Na, P and 
Sb; n=12 
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Figure 3.86 Tukey plots displaying the geochemical results for detailed survey (red, left)) 
and termitaria (orange, right) samples for the elements Ag, As, Au, Co, Cu, Mo, Ni, Sr, and 
Zn; n=12 
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Table 3.12 Correlation coeffecients calculated with Excel’s ToolPak data analysis software, using 
the Fraction 1 termitaria geochemical results from CT300, Coyote Au-deposit 

Element Correlates with:

Al_percent Cu (0.78); La (0.75) 

Au_ppb Fe (0.79); Ga (0.76); Sc (0.77); U (0.85); V (0.85) 

Ba_ppm Ti (-0.79) 

Ca_percent Mg (0.77); Sr (0.99) 

Co_ppm Ga (0.83); Bi (0.82); Ni (0.82); Tl (0.77); V (0.75) 

Cr_ppm Fe (0.785); Ga (0.75) 

Cu_ppm Al (0.78); La (0.78) 

Fe_percent Au (0.79); Cr (0.86); Ga (0.91); Sc (0.8); Th (0.82); U (0.75); V (0.9)  

Ga_ppm Sc (0.89); Th (0.84); Tl (0.78); V (0.86) 

La_ppm Al (0.75); Cu (0.78); Pb (0.75) 

Mg_percent Ca (0.77); Pb (0.75); Se (0.87); Sr (0.8) 

Ni_ppm Co (0.82); Ga (0/86); Tl (0.8) 

Sc_ppm Au (0.77); Fe (0.8); Ga (0.89); Th (0.9); U (0.75); V (0.9) 

Se_ppm Mg (0.87) 

Sr_ppm Ca (0.99); Mg (0.8) 

Th_ppm Fe (0.82); Ga (0.84); U (0.8); V (0.91) 

Ti_percent Ba (-0.79) 

Tl_ppm U (0.76) 

U_ppm Au (0.85); Fe (0..75); Sc (0.75); Th (0.8); Tl (0.76); V (0.81) 

V_ppm Au (0.85); Co (0.75); Fe (0.9); Ga (0.86); Sc (0.9); Th (0.91); U (0.81) 

 

The detailed survey of the 13 mounds at site CT300, to the west of the surficial 

expression of the main lode of mineralization showed that there is little variation 

between A. vitiosus mounds that are within 20 m of a central node. This indicates that 

the minimum sampling interval is 20 m. The significant variation in results between the 

transect mounds that overlie mineralization and those to the west at CT300, as indicated 

in the Tukey plots, proves that the Fraction 1 samples from termitaria at this study site 

do effectively express anomalous geochemical signatures at the land surface. 
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Spinifex chaff sampling and results 
The aim of the chaff sample geochemical study is to test whether there is a close 

association between the geochemical characteristics of termitaria, and the chaff that is 

harvested by the termites. Fifty-six chaff samples were collected during the regolith-

landform mapping and termitaria sampling, when mound chambers containing suitable 

quantities of chaff were opened. The species D. rubriceps in particular at this field site 

provides homogenous chaff, making mounds built by this species particularly desirable 

for sampling. The bulk of the samples were taken from these types of mounds.  

3.1.17 Chaff geochemistry results 

Thirty-seven elements were analysed for at ACME Analytical Laboratories in 

Vancouver, Canada, with only the element W providing analytical results less than 

detection limit.  Table 3.13 provides summary statistics for the geochemical results, 

including percentage error for each element and minimum and maximum values, as well 

as the spatial distribution pattern of each element.  The element Bi returned most values 

less than detection limit, with only one sample containing 0.03 ppm Bi. Concurrent 

spinifex geochemistry results, collected and reported by Reid (2007) show elevated 

levels of many trace and major elements, such as Al, As, Au, Ba, and P. 

 

There are several prominent elemental patterns (Figure 3.87). The highest 

concentrations of most elements associated with mineralisation are scattered across the 

area, indicating influences from underlying geology and groundwater movement on the 

dispersion and distribution of these high values. Despite the restricted abundance of 

mounds containing enough spinifex chaff to collect (due to the variable distribution of 

A. vitiosus and D. rubriceps) the results highlight the geochemical signature of Au 

mineralisation at the deposit, as well as a significant As anomaly.  

 

The four main spatial elemental patterns in spinifex chaff relate to a number of regolith 

and landscape-based influences on the geochemical signature of mineralisation and 

geology at the surface. These may be summarised as: 

 Pattern 1:  found centred over mineralisation; As, Au, Ba, Mg, Ni, Mo and P. 

Trace and major elements common within the mineralisation zone, are brought 

up by the deep-rooted spinifex grasses. 
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 Pattern 2: seen at elevated levels in western section of sampling area;  includes 

elements Al, Co, Fe, Ga, Hg, K, La, Sc, Tl, V, and Pb. 

 Pattern 3: found south of mineralisation zone; includes Ca, Cu, Sr. 

 Pattern 4:  scattered Ag, B, Cr, Cd, Mn, Na, S, Sb, Sl, Th, U and Zn; dispersion 

of mobile trace elements to south, following the local groundwater flow path, 

with thin transported cover. 

 

These geochemical results are presented as geochemical maps, displayed in Figures 

3.88 to 3.96. 

 
Figure 3.87 Patterns of elemental distribution within Fraction 1 termitaria samples at Coyote Au-
deposit
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 Table 3.13 Summary statistics for the geochemical results of sampled spinifex chaff, obtained at 
Coyote Au-deposit, including anomaly threshold values and spatial pattern for each element as well 
as minimum and maximum values; n=56 

Element Mean Min Max Anomaly threshold Spatial pattern 

Ag_ppb 2.86 0.00 5.00 5.00 Irregular 

Al_% 0.09 0.05 0.24 0.14 West 

As_ppm 0.64 0.00 3.60 3.31 Centre 

Au_ppb 0.78 0.00 3.20 3.16 Centre 

B_ppm 2.84 2.00 4.00 3.85 Irregular 

Ba_ppm 53.63 14.80 317.20 194.33 Centre 

Bi_ppm 0.02 0.00 0.03 0.03 Irregular 

Ca_% 0.28 0.17 0.45 0.35 South 

Cd_ppm 0.02 0.00 0.30 0.03 Irregular 

Co_ppm 0.60 0.41 1.37 0.90 West 

Cr_ppm 4.57 2.70 7.50 6.97 Irregular 

Cu_ppm 2.44 1.68 4.03 2.99 South 

Fe_% 0.10 0.06 0.25 0.14 West 

Ga_ppm 0.29 0.20 0.80 0.40 West 

Hg_ppb 13.56 7.00 27.00 20.00 West 

K_% 0.02 0.01 0.03 0.02 West 

La_ppm 0.96 0.52 2.09 1.42 West 

Mg_% 0.02 0.02 0.04 0.03 Centre 

Mn_ppm 60.03 41.00 101.00 81.25 Irregular 

Mo_ppm 0.17 0.09 0.41 0.29 Centre 

Na_% 0.00 0.00 0.01 0.01 Irregular 

Ni_ppm 7.30 2.90 17.30 12.98 Centre 

P_% 0.01 0.00 0.01 0.01 Centre 

Pb_ppm 0.58 0.36 1.30 0.80 West 

S_% 0.04 0.01 0.06 0.50 Irregular 

Sb_ppm 0.13 0.04 0.27 0.23 Irregular 

Sc_ppm 0.35 0.20 0.70 0.50 West 

Se_ppm 0.27 0.10 0.40 0.40 Irregular 

Sr_ppm 18.37 8.80 32.00 28.90 South 

Te_ppm 0.02 0.00 0.03 0.03 Irregular 

Th_ppm 0.29 0.15 0.80 0.46 Irregular 

Ti_ppm 13.19 9.00 28.00 18.00 West 

Tl_ppm 0.02 0.00 0.03 0.03 West 

U_ppm 0.06 0.03 1.18 0.13 Irregular 

V_ppm 2.45 2.00 6.00 3.00 West 

W_ppm na na na na na 

Zn_ppm 20.58 4.70 39.20 36.50 Irregular 
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Figure 3.88 Geochemical maps displaying results of spinifex chaff analysis for Pattern 1 
elements, including As, Au, Ba and Mg, at Coyote Au-deposit; n=56 
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Figure 3.89 Geochemical maps displaying results of spinifex chaff analysis for Pattern 1 
elements, including Ni, Mo, and P, at Coyote Au-deposit; n=56 
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Figure 3.90 Geochemical maps displaying results of spinifex chaff analysis for Pattern 2 elements, 
including Al, Co, Fe and Ga, at Coyote Au-deposit; n=56 
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Figure 3.91 Geochemical maps displaying results of spinifex chaff analysis for Pattern 2 elements, 
including Hg, K, La and Pb, at Coyote Au-deposit; n=56 
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Figure 3.92 Geochemical maps displaying results of spinifex chaff analysis for Pattern 2 elements, 
including Sc,Ti, Tl and V, at Coyote Au-deposit; n=56 
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Figure 3.93 Geochemical maps displaying results of spinifex chaff analysis for Pattern 3 
elements, including Ca, Cu and Sr, at Coyote Au-deposit; n=56 
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Figure 3.94 Geochemical maps displaying results of spinifex chaff analysis for Pattern 4 elements, 
including Ag, B, Cr and Cd, at Coyote Au-deposit; n=56 
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Figure 3.95 Geochemical maps displaying results of spinifex chaff analysis for Pattern 4 elements, 
including Mn, Na, S and Sb, at Coyote Au-deposit; n=56 
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Figure 3.96 Geochemical maps displaying results of spinifex chaff analysis for Pattern 4 elements, 
including Se, Th, U and Zn, at Coyote Au-deposit; n=56 
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3.1.18 Spinifex chaff geochemistry interpretation 

Elemental associations may also be summarised from these patterns of distribution, 

with geological and groundwater influences dominant. The elemental associations are 

based on those described by Kabata-Pendias (2004): 

 gold mineralisation: Au, As, Mo, Cu, Ni, and Zn 

 Killi-Killi Formation underlying the centre of the study area: B, Cd, La, Ni, 

and Pb (turbiditic sediments, Bagas et al., 2007) 

 dolerite dykes in the north of the study area: M, Ni, S, and Se 

 ferruginous sediments within upper pedolith (in areas of increased water 

infiltration and vegetation): Al, Fe, Ga, Pb and V 

 possible development of groundwater carbonate within alluvial sediments: Ca, 

and Sr 

 distribution of clay-rich alluvial sediments: U, and Cu 

 dispersion of mobile elements within groundwater: Ag, Zn, and S 

 plant nutrients: Ca, K, Na, P, and S.  

 

The results for chaff geochemistry at Coyote show a strong geochemical expression of 

Au mineralisation in the centre of the study area, as seen by the high Au, As, and Mo 

concentrations.  The high values of Ag, Al, Ga and La in the central and west of the 

study area suggests some influence by the underlying ferruginised sediments, which 

are part of the upper pedolith profile in the regolith profile at Coyote Au-deposit, and 

which may be shallower in this area (Figure 3.??). 

 

In the central east of the study area, there is a chaff sample taken in an area where the 

transported cover is thin (less than three metres).  There is a strong bedrock signature 

in this sample, shown by the high values for elements As, Cr, S, Sb and Sr. There is 

also a possible significant source of mineralisation, or perhaps dispersion of the more 

mobile trace elements just below the central zone of mineralisation, with high Ag, S 

and Zn values and moderate to high Au in the chaff.  A similar distribution of 

elements has been described by Reid et al. (2007) within freshly collected spinifex 

chaff samples.  
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Landscape attributes, such as drainage depressions where finer sediments accumulate, 

are also distinguishable from the geochemical results. The abundance of U and Th is 

apparent from the geochemical maps.  The presence of Cr, Fe, and Ga in the central 

west of the study area suggests a higher abundance of iron oxides in the regolith, 

consistent with valley side settings of colluvial sheetwash. The shared correlation 

coefficients (Table 3.14) for these elements also indicate an elemental association 

within the regolith that has been transported into the harvested spinifex chaff. Also of 

interest is the paucity of some elements across the prospect, including the negative 

anomalies (lowest values) generated over mineralisation by elements such as Al, Hg, 

La, Mg, Mn, Ni, and Sr. Phosphorous concentration is lowest in mounds north of 

mineralisation, across all three transects, as are the elemental concentrations of Sb, Cr, 

Co, Th, Ti, U and Zn. The correlation coefficients for this dataset are presented in 

Table 3.14 The elements Ag, B, Ba, Ca, Cd, Cr, Hg, K, Mg, Mn, Mo, Ni, Sb, Se, Te, 

Tl, W, and Zn do not share significant correlations.   

 

Table 3.14 Correlation coefficients for the spinifex chaff geochemical results, Coyote Au-deposit.  
Significant correlations are greater than 0.75 
Element Correlates with: 
Al_percent  Co (0.71); Fe (0.88); Ga (0.9); La (0.84); Pb (0.82); Sc (0.84); Th (0.79); Ti (0.93); U 

(0.8); V (0.84) 
As_ppm Au (0.6) 

Au_ppb As (0.6) 

Bi_ppm Fe (0.73) 

Co_ppm Fe (0.82); Pb (0.75); Th (0.79); Ti (0.75); U (0.76) 

Cu_ppm P (0.75) 

Fe_percent Al (0.88);Co (0.82); Ga (0.89); Pb (0.87); Sc (0.73); Th (0.86); Ti (0.91); Tl (0.65); U 
(0.83); V (0.83) 

Ga_ppm Al (0.9); Fe (0.89); K (0.54); Pb (0.78); Sc (0.78); Th (0.77); Ti (0.87); V (0.81)  

La_ppm Al (0.84); Pb (0.78); Th (0.84); Ti (0.87);  U (0.76) 

Na_percent Cd (-0.55); S (-0.65) 

P_percent Cu (0.75) 

Pb_ppm Al (0.82); Co (0.75); Fe (0.87); Ga (0.78); La (0.78); Th (0.79); Ti (0.87); U (0.72); V 
(0.81) 

S_percent Cd (0.65); Na (-0.65) 

Sc_ppm Al (0.84); Ga (0.78); Ti (0.76) 

Sr_ppm Ca (0.69) 

Th_ppm Al (0.79);Co (0.79); Fe (0.86); Ga (0.77); La (0.84); Pb (0.79); Ti (0.89); U (0.9) 

Ti_ppm Al (0.93); Co (0.75); Fe (0.91); Ga (0.87);La (0.87); Pb (0.87); Sc (0.76); Th (0.89); U 
(0.82); V (0.85) 

U_ppm Al (0.8); Co (0.76); Fe (0.83); La (0.76); Th (0.9); Ti (0.82) 

V_ppm Al (0.84); Bi (0.58); Co (0.66); Cu (0.59); Fe (0.83); Ga (0.81); Hg 90.61); La (0.7); Pb 
(0.81); Sc (0.71); Th (0.73); Ti (0.85); Tl (0.65); U (0.71) 

 

The elements Na and Sr have been included despite their lower correlation 

coefficients. Correlations between the main pathfinder elements at Coyote, such as As 
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and Au, are to be expected. There are also patterns of high correlations (r is above 

+0.75) for the elements Al, Fe, Ga, La, Pb, Sc, Ti, and V.  All of these elements are 

common in surficial regolith materials, such as clays and iron oxide minerals, and 

these elements are of the highest concentration in the mound CT219.  With the 

sampling fraction being silts and clays, there is also a high correlation between U and 

Al (r = 0.96), Fe (r = 0.95), and La (r =0.95).  Thorium and Al also have a high 

correlation (r = 0.98). 

 

Scatterplots generated in IoGas have been used to distinguish possible contamination 

of the chaff samples, by correlating elements such as Fe, Al, and Ti with each other.  

The scatterplots and n-scores plots are included as Figures 3.97 and 3.98.  All four 

featured elements create distinct groups of chaff and termitaria results (showed in 

separate colours) when correlated together as Al:Fe, Fe:Ti, and Ti:Al, indicating that 

the chaff sample results contain values of Fe, Al, Ti and Au independently. This, 

therefore, indicates that the chaff samples are not contaminated by the outer nest 

material which was also present in the collected sample, and removed by flotating the 

sample in distilled water.   

 

The probability plots plots of Fe, Al, Ti, and Au indicate the generally higher 

concentration of elements such as Fe, Al, and Ti in the termitaria samples, due to their 

ubiquitous presence in common soil-forming minerals, whereas the Au probaility plot 

highlights the generally elevated levels of Au in all the termitaria and chaff samples, 

due to the presence of Au-mineralisation at the study site. 
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Figure 3.97 Probability plots generated in IoGas of geochemical results for Coyote Au-deposit, with termitaria samples highlighted as orange-brown and spinifex 
chaff samples as green, for the elements Fe, Al, Au and Ti, where n(termitaria)=121 and n(spinfex chaff)= 56 
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Figure 3.98  Scatterplot generated in IoGas of geochemical results for Coyote Au-deposit, with termitaria samples highlighted as orange-brown and spinifex chaff 
samples as green, for the elements Fe, Al, Au andTi, where n(termitaria)=121 and n(spinfex chaff)= 56 
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3.1.19 Discussion of termitaria and chaff geochemical results at the 

Coyote Au-deposit 

The geochemical results from both the sampled termitaria and termite-harvested 

spinifex chaff provide compelling evidence for the cycling of elements through the 

regolith profile, with silts, clays and aggregates typically used as construction materials 

in termitaria. The presence of elements such as As, Ag, Au, Ba, Bi, and Na, within the 

nest material, proves that these sampling media may be more reliable than soils for 

tenement scale geochemical sampling programs. These elements are derived principally 

from the weathering of minerals (Kabata-Pendias, 2001), originally formed from 

mineralised fluids precipitating in what will become the mineralised zone, or from 

elements in solution within the local groundwater interacting with the regolith profile by 

precipitating.  Mineral-derived elements, as discussed by Kabata-Pendias (2004), 

include Hg, K (from feldspars), Mg, Na, Pb, Te, S (sulphide minerals), Th, and Zn, all 

of which are abundant within the termitaria. 

 

The chaff samples also provide detailed insights into the cycling of nutrients within the 

vegetation at Coyote Au-deposit, and provide a comparative dataset of geochemical 

results to accompany the termitaria sample results. The chaff results delineate very 

effectively the surficial expression of the Coyote Au-deposit, with As and Au results in 

particular centred on mineralisation. The presence of oxides within the surficial regolith 

profile, which have been taken up by the spinifex plants, is also expressed in the 

spinifex chaff results by the presence of Al, Fe, Ga and Cr, for example, especially in 

areas of thin transported cover. The contamination of nest material must be discounted 

from the spinifex chaff sample geochemical results, as shown by the mostly discrete 

datasets highlighted by the n-plots created using IoGas software. The chaff, therefore, 

becomes a reliable sampling medium consisting of spinifex grass collected from a local 

area, and in a 1 cm particle size ideal for laboratory-based sample preparation for 

geochemical analysis. 

 

The Tukey, or box plots, of chaff and termitaria (Fraction 1) results for selected 

elements at the Coyote Au-deposit show a division between geochemical signatures 

possibly derived from: 
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 bedrock and Au-mineralisation (Ag, Al, Bi, Co, Cr, Cu, Fe, Ga, K, La, Mg, Pb, 

Th, and U) 

 vegetation and groundwater (As, Au, Ba, Hg, Mo, Na, Ni, P, S, Se, Sr and Zn). 

 

Tukey, or box plots, of the geochemical results produced show the relative abundance 

of certain elements within termitaria compared to the spinifex chaff sampling media. 

Many of the geochemical results for the termitaria sample are higher than those for the 

spinifex chaff, such as Ag, Al, Bi, Co, Cr, Cu, Fe, Ga, K, La, Mg, Pb, Th, and U 

(Figures 3.99, 3.101). These elements may be abundant in the termitaria samples due to 

the high mineral content of the outer nest walls; they exist in much of the clay aggregate 

and fine sand material which has been sampled from weathered bedrock in the pedolith 

profile, and which is integrated into the mounds by the termites.  

 

The Tukey or box plots for both sampling media for As, Au, Ba, Hg, Mo, Na, Ni, P, S, 

Se, Sr and Zn (Figure 3.100, Figure 3.102) overlap with many of the quartile ranges for 

the chaff sample box plots lapping onto the termitaria quartile ranges. The similar 

geochemical results for these elements suggest that their presence in the nest material is 

due to the use of wet material, sampled from the groundwater.  It is also probable that 

the digestion of spinifex chaff and the use of excrement for construction of much of the 

mound have also influenced the distribution of these elements in the termitaria samples.  

The similar background content of Au in both the termitaria and chaff samples, as 

shown in the Tukey plots, suggests that the spinifex plants are effective at incorporating 

non-essential Au into the plant structure. The termitaria samples from the same study 

area, however, are able to incorporate both the background Au levels as well as the 

mineral-based Au geochemical signature. The relative abundances of Ni, S and Zn, 

however, are higher in the spinifex chaff samples.  
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Figure 3.99 Tukey plots displaying the geochemical results for spinifex chaff samples 
(green, on left for each element) and termitaria (orange, on right for each element), for the 
elements Ag, Al, Bi, Co, Cr, Cu, Fe, Ga, and K, where n(termitaria)=121 and n(spinfex 
chaff)= 56 
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Figure 3.100 Tukey plots displaying the geochemical results for spinifex chaff (green, on left for 
each element) and termitaria (orange, on right for each element) samples, for the elements As, Au, 
Ba, Hg, Mo, Na, Ni, P and S, where n(termitaria)=121 and n(spinfex chaff)= 56 
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Figure  3.101 Tukey plots displaying the geochemical results for spinifex chaff samples (green, on 
left for each element) and termitaria samples (orange, on right for each element) for the elements 
La, Mg, Pb, Th, and U, where n(termitaria)=121 and n(spinfex chaff)= 56 

 
Figure 3.102 Tukey Plots displaying the geochemical results for spinifex chaff samples (green, on 
left for each element) and termitaria samples (orange, on right for each element) for the elements 
Se, Sr and Zn, where n(termitaria)=121 and n(spinfex chaff)= 56 
 
The discrete datasets of termitaria and chaff sample results also highlight the potential 

pathways for the development of geochemical anomalies within termitaria, as the 

material is ingested by the termites. This is then dispersed within the mound as cement, 

termite-made soil aggregates, or as waste material, packed into galleries of the outer 

lobes.  
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The degradation of older, abandoned mounds releases this material into the surface 

regolith profile, allowing the spread and eventual re-uptake of these elements as they 

are collected by groundwater, vegetation and other soil animals.  

 
Discussion of regolith-landform mapping and geochemical results at Coyote Au-deposit, WA 
 
There are three main regolith-landform groups at Coyote Au-deposit: colluvial, alluvial, 

and fill deposits: 

 The mapping area is mantled in the north by colluvial deposits, with thin 

transported cover (< 5 m) as shown by the coarse, angular to sub-angular lithic 

fragments, derived locally, in many CHpd units. 

 The southern half of the study area is proximal to a palaeovalley system 

(Wilford 2000, 2003) and is now dominated by alluvial deposits with thick 

transported cover shown by the lack of locally derived lithic fragments within 

the surface materials, and the increasing degree of rounding for quartz sand 

grains and ferruginous lag gravels.  

 Disturbed surface environments have been created by drilling and road-clearing 

(anthropogenic or 'Fill' units). 

 A major transition in termite species from north to south occurs across the 

mapping area, with the low, rounded pavement mounds of the species D. 

rubriceps becoming sparse within the CHed and Aed units, and T. pastinator 

and A. vitiosus becoming more abundant in the south. 

 

The distribution of species and the termitaria height data suggest that the 

topographically higher areas, such as CHpd5, CHpd1 and CHpd2, are areas of thin cover. 

This is supported by the presence of coarse-grained saprolitic and quartz material in the 

D. rubriceps mounds, which are dominant within these RLUs. 

 

This mapping-based study has shown that the surficial expression of mineralisation 

occurs at the transition from distal, sand-dominated colluvial sheetwash fans in the 

north of the mapping area, to silt-rich colluvial depressions and alluvial plains in the 

south, bordering a wide valley dominated by a west-flowing palaeochannel.  This 

finding potentially impacts on future exploration models for the Tanami Desert region, 

as explorers struggle to understand the translocation of anomalous geochemical 
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signatures in the landscape.  In this study area, the distribution of termite mounds is 

directly related to the landscape regime. This is determined by the local geology, which 

also influences topographical features.  At the Coyote Au-deposit, topography is an 

important factor in determining the development of drainage systems, which directly 

influences the composition of surficial materials and vegetation assemblages and also 

the distribution of termite species. 
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