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Petrographic analysis of the Neoproterozoic Heavitree Quartzite from the Amadeus basin, central 
Australia was used to interpret the depositional environment, paleoclimate, provenance and tec-
tonic setting. The studied sandstones are mainly classified as quartz arenites. The depositional 
environment of the Heavitree Quartzite is deltaic based on composition and maturity. The proba-
ble paleoclimate for the source area of the Heavitree Quartzite is humid. The detected quartz 
grains suggest that granitic rocks must be the plausible source of the studied sediments. The stud-
ied samples plot in the field of craton interior in the tectonic discrimination diagrams. 
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1. Introduction 

The Amadeus basin is one of the major intracratonic sedimen-
tary basins situated in central Australia. It is an integral component 
of the Centralian Superbasin that also involves the Officer, Ngalia 
and Georgina basins (Fig. 1). These intracratonic sedimentary ba-
sins have approximately similar rock units that demonstrate the 
upper part of Precambrian (Neoproterozoic) to Paleozoic (Walter 
et al., 1995; Hill and Walter, 2000; El Oshebi, 2017). The Amadeus 
basin is about 170,000 km², extending to west into Western Aus-
tralia and the south in the direction of the Northern Territory (Fig. 
2). There is confirmation for in excess of 14 km thick deposits of 
non-marine and marine sedimentary successions from Neoprote-
rozoic to Late Paleozoic, an era of ~550 Ma (Wade et al., 2005). Fig. 
3 represents the distribution of sediments in the Amadeus basin. 
The majority accessible data of Neoproterozoic provenance pro-
pose that the source of deposits in the basin was local and sedi-
ments were derived from Arunta Region Musgrave Province and 
Gawler Craton after uplifting and erosion (Maidment et al., 2007). 
In this study, the Heavitree Quartzite is divided into seven units, 
these units composed mainly of sandstones with intercalations of a 
few mudstone beds (Fig. 4). The present work is done to achieve 
the following: 

1) Study the petrography of the Heavitree Quartzite, Amadeus ba-
sin, central Australia. 

2) Determine the depositional environment, paleoclimate, prove-
nance and tectonic setting of the studied formation. 

A review of the literature has revealed that there are limited 
sedimentological studies in the Amadeus basin. Previous studies 
have interpreted the depositional environments of the Precam-
brian rocks based on rock composition (e.g., Prichard and Quinlan, 
1962). The depositional environment of the Heavitree Quartzite 
was interpreted to be fluvial to shallow marine (Lindsay, 1999). 
Provenance studies have determined sediment provenance of the 

Neoproterozoic to Devonian sections of the Amadeus basin based 
on detrital zircon and isotope analysis (e.g., Zhao et al., 1991; Maid-
ment et al., 2007). The Heavitree Quartzite, Aregonga Formation, 
Pioneer Sandstone, Pertatataka Formation, Arumbera Sandstone, 
Todd River Dolomite, Carmichael Sandstone and Pertnjara Group 
have a widespread distribution in the northwest and northeast of 
the Amadeus basin (Wells et al., 1966). 

 
Fig. 1. The Australian intracratonic sedimentary basins that comprise the 
Amadeus basin (red outline), Georgina basin, Officer basin and Ngalia basin 
(modified after Maidment et al., 2007).
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However, these depositional units are not well described and 
the available data are not enough to represent these thick for-
mations, which have different depositional environments and pro-
cesses. There is a contradiction in interpretation of depositional 
environment interpretations due to a lack of sedimentological in-
vestigations. There is a lack of paleocurrent data in the Amadeus 
basin and most available data suggest theories of paleocurrent di-
rections without supported convincing evidence (Maidment et al., 

2007). The paleocurrent observations in the Amadeus basin de-
pended on tectonic evolution and zircon and isotopic analysis.  De-
tailed sedimentological observations such as lithofacies analysis 
and sedimentological logs have not been made for the paleocurrent 
and depositional environment interpretations. Further detailed 
sedimentological studies would be useful looking at lithology 
(grain size and sedimentary structures) in conjunction with verti-
cal trends. These would be helpful for depositional environment in-
terpretations, paleocurrent investigations and any future studies. 

 

Fig. 2. Major morphological features of the Amadeus basin, the study area in red square (modified after Lindsay and Korsch, 1991). 

 

Fig. 3. Distribution of sediments in the Amadeus basin (modified after Korsch & Lindsay, 1989). 
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Fig. 4. Sedimentological log of the Heavitree Quartzite shows seven lithofacies. 

2. Materials and methods 

Three selected samples have been studied petrographically 
from eight samples were collected from the Heavitree Quartzite 
section exposed along the Ross River in the northeast of the 
Amadeus basin (Figs. 4 & 5). Petrographic analysis involves fixing 
the samples to a glass slides, grinding the sample to 0.003 mm, 
thick (thin section) and observing to petrographic optical micro-
scope (Olympus BH2) with an attached Olympus digital camera 
was used to record photomicrographs. 

3. Results and Discussions 

The microscopic examination indicates that quartz is the most 
abundant mineral in the Heavitree Quartzite with subordinate feld-
spar and rock fragments. Tables 1 and 2 show the relative fre-
quency distribution of the main components in the studied for-
mation. The studied samples contain 97 % quartz, in average, sug-
gesting that they are mainly quartz arenites. Fig. 6 shows that 
quartz is mostly monocrystalline with non-undulatory extinction.  

 

Fig. 5.  Map of the MacDonnell Ranges, Northern Territory, central Australia, illustrating the road of Alice Springs to Ross River. 
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Table 1 
Frequency distribution of the main components of the Heavitree Quartzite. 

 

Table 2 

 Key for main components used in the present study. 

 

However, polycrystalline quartz grains are also observed in the 
samples. Quartz grain usually shows non-undulose straighted ex-
tinction of granitic origin (Folk, 1980). The polycrystalline quartz 
was distinguished into two groups: polycrystalline quartz with 2-3 
subgrains and polycrystalline quartz with more than 3 subgrains. 
Orthoclase and anorthite are common feldspars. 

The Heavitree Quartzite is well sorted to very well sorted with 
rounded to well-rounded grains (see Fig. 6). Rounding of the grains 
is difficult to assess because the effects of compaction and cemen-
tation have obscured the shape of the original grains. In agreement 
with Bauluz et al., (2000) and Shadan & Hosseini-Barzi (2013) the 

authors believe that the presence of rounded quartz grains in the 
studied samples probably indicates long sediment transport. The 
occurrences of coarse-grained feldspars indicate the prevalent low 
degree of chemical weathering (Osae et al., 2006) in the source 
area. The occurrence of rounded quartz overgrowths indicates re-
cycling. There are a large number of concavo-convex contacts with 
some sutured grain contacts. Quartz overgrowth cement has taken 
place (authigenic cement). Authigenic cement which represents as 
a black color surrounding quartz grains, which could be an iron ox-
ide rim. There is hematite cement with brown-red color around the 
quartz grains and hematite cement between quartz grains (Fig. 7).

 
 

Fig. 6. Photomicrographs (A) and (B) Well rounded, well sorted and well compacted monocrystalline quartz grains 
(unit 6); (C) and (D) Sutured grain contact. Note all grains are well compacted and there is dissolution due to pres-
sure-solution (unit 4) and (E) and (F) Quartz overgrowth cement (authigenic cement) (unit 1).

Formation Unit No. Qm Qp Qt F RF

1 94.31 2.12 96.43 2.00 1.55

4 96.00 1.48 97.48 1.39 1.12

6 94.98 2.24 97.22 1.77 0.98

Heavitree Quartzite

Qm Monocrystalline quartz

Qp Polycrystalline quartz

Qt Total quartz grains (Qm + Qp)

F  Feldspar 

RF Rock fragments
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Fig. 7. Photomicrographs (A) and (B) Monocrystalline quartz grains with non-undulatory 
extinction surrounded by hematite cement (authigenic cement). These quartz grains con-
tains fluid inclusions (unit 1) and (C) and (D) Oversized pore space around well rounded 
quartz grains due to the dissolution of quartz overgrowth cement, and then filled by hematite 
cement between quartz grain (unit 1). 

 

There is evidence of diagenetic features that have taken place 
in the Heavitree Quartzite at different stages. Diagenesis within the 
Heavitree Quartzite has adversely affected porosity (porosity re-
duction). The diagenesis in the Heavitree Quartzite could have 
commenced with early overburden pressure (pressure-solution) 
being greater than pore fluid pressure, but there is no evidence for 
grain fracture and breakage.  

At many of the contacts between grains, quartz grains have un-
dergone pressure-solution leading to the penetration of one grain 
by another (concavo-convex contacts). This is the first stage of 
pressure-solution. When pressure-solution became more intense, 
the contacts between grains became sutured due to late compac-
tion. However, the degree of compaction is not a function of over-
burden, but the effect of stress within the rock unit. In this case, the 
contacts are irregular and wavy because of pressure-solution. This 
pressure-solution compaction could lead to dissolution of quartz 
grain and precipitation of silica in form of quartz overgrowth ce-
ment (authigenic cement).  

The second stage of diagenesis might be dissolution of the 
quartz overgrowths cement and filled with iron oxide (second au-
thigenic cement) which represents as a black color surrounding 
quartz grains. There is hematite cements rimmed with brown-red 
color around the quartz grains. This cement might be due to alter-
ation or replacement of pyrite or biotite to hematite or alternative 
origin (e.g., Tucker, 2001).  

The alteration includes a purely diagenetic mechanism, 
whereby the iron is supplied by intrastratal dissolution of detrital 
silicates such as hornblende, augite, olivine, chlorite and magnetite 
(Tucker, 2001). If the environment is oxidizing due to diagenetic 
processes, then the iron reprecipitated as hematite or a hydrated 
iron oxide which possibly converts to hematite on ageing (Tucker, 
2001). 

3.1. Provenance and tectonic setting 

The origin of the Heavitree Quartzite is enigmatic, not only be-
cause of its widespread sheet-like distribution and uniformity of 
composition, but also because intense silicification makes facies 
studies difficult (Lindsay, 1999). The diagrams of Basu et al., 
(1975) and Tortosa et al., (1991) show that the data of the studied 
sandstones fall in the field of granitic source rocks (Fig. 8). The au-
thors believe that the mesoproterozoic granite of Gawler Craton 
must be the probable source for the Heavitree Quartzite. The tec-
tonic discrimination diagrams (Fig. 9) show that the samples of the 
Heavitree Quartzite plot in the field of craton interior. Crook (1974) 
proposed the use of quartz content to infer tectonic setting, and 
linked quartz rich (>65 % quartz) sandstones to passive continen-
tal margins (Atlantic type); intermediate quartz (15–65 % quartz) 
sandstones to active continental margins (Andean type), and 
quartz poor (<15 % quartz) sandstones to magmatic island arcs. 
The Heavitree Quartzite studied here thus corresponds to the At-
lantic type sandstones. 

3.2. Depositional environment and paleoclimate 

The depositional environment of the Heavitree Quartzite was 
interpreted to be fluvial to shallow marine (Lindsay, 1999). The 
mineral composition and maturity of the samples suggest that the 
possible depositional environment of the Heavitree Quartzite is 
deltaic. The sediments are mineralogically mature and texturally 
submature to mature due to transport of sediments through a flu-
vial system to marginal marine. In agreement with Tucker (2001) 
the authors believe that the hematite cement around the quartz 
grain suggests that the source of the studied sediments was derived 
from a continental environment. The climatic discrimination dia-
grams suggest that the climatic conditions for the source area of the 
Heavitree Quartzite are humid (Figs. 10 and 11). 
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Fig. 8. Varietal quartz diamond plot currently used to discriminate sandstones sourced by different types of crystalline 
rocks, based on the extinction pattern and polycrystallinity of quartz grains. Qm non = low-undulosity monocrystalline 
quartz grains; Qm un = high-undulosity monocrystalline quartz grains; Qp2–3 = coarse-grained polycrystalline quartz 
grains; Qp > 3 = fine-grained polycrystalline quartz grains (fields after Basu et al., (1975) and Tortosa et al., (1991) (dia-
grams a and b, respectively). 

 

 

Fig. 9. Tectonic discrimination diagrams of major components for the Heavitree Quartzite (fields after Dickinson et al., 1983). 
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Fig. 10. Climatic discrimination diagram of major components for the Heavitree Quartzite (fields after Suttner and Dutta, 1986). 

 

 

Fig. 11. Climatic discrimination diagram of major components for the Heavitree Quartzite (fields after Suttner and Dutta, 1986). 

4. Conclusions 

The present paper discusses the petrography of the Heavitree 
Quartzite from the Amadeus basin, central Australia, with special 
emphasis on depositional environment, paleoclimate, provenance, 
and tectonic setting. The studied formation contains 97 % quartz, 
in average, suggesting that they are mainly quartz arenite. Quartz 
is mostly monocrystalline with non-undulatory extinction. The 
Heavitree Quartzite is well sorted to very well sorted with rounded 
to well-rounded grains. The provenance discrimination diagrams 
show that granitic rocks are the possible source of the studied for-
mation. The authors believe that the mesoproterozoic granite of 
Gawler Craton must be the probable source for the Heavitree 
Quartzite. The tectonic discrimination diagrams show that the 
studied samples fall in the field of craton interior. The mineral com-

position and maturity suggest that the possible depositional envi-
ronment of the Heavitree Quartzite is deltaic. The hematite cement 
around the quartz grain also indicates that the source of sediments 
was derived from a continental environment. The climatic discrim-
ination diagrams propose that the climatic conditions for the 
source area of the Heavitree Quartzite are humid. 
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