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Fig. 3 Geological map of the norther section of EPM27596 overlaid on the Google Earth image.  

Non-welded ignimbrite (Tbi) overlies an older basalt flow that extends to the north and east. 

Fig. 4 Apparent pillow structures in the northern limit of the Buckland Basaltic Ignimbrite most 

likely the result of degassing channels.   

Fig. 5 Degassing tube in ignimbrite on Wealwandangie Station in old road gravel quarry.  Note 

calcium carbonate formation both within the tube and laterally. 
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infers a large amorphous component. 
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This covers the Buckland Tableland that has been preserved by an extensive welded ignimbrite that 
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1. SUMMARY 

The main body of EPM 27596 covers an area of approximately 80 square kilometres of Tertiary basaltic 

ignimbrites (extensive volcanic ash deposits) with a thickness between 200 and 330m.   

Carbfix (see www.carbfix.com) in Iceland have developed a process to capture and permanently dispose 

of CO2 – either from emissions or directly from the air.  The method provides a complete carbon capture 

and storage solution, where water with dissolved CO2 – a soda-water of sorts – is injected into 

subsurface favourable rock formations where natural processes transform the CO2 into solid carbonate 

minerals. At the Hellisheidi power plant in Iceland, the Carbfix team has demonstrated that over 95% of 

CO2 captured and injected was turned into rock in the subsurface basalt in less than two years. This 

contrasts the previous common view that mineral storage in CCS projects takes hundreds to thousands of 

years. The process can be applied wherever favourable rock formations, water and a source of CO2 come 

together.  

Rockminsolutions Pty Ltd has identified the most promising and extensive resource of the appropriate 

rock formation in Australia. The Buckland Basaltic Sequence, up to 330m thick, is an aerially extensive 

accumulation of basaltic ignimbrites that should have extensive lateral permeability.  While basalt rock 

is common, it is rare for such a thick and extensive ignimbrite formation to be found with the right 

lithological characteristics.  The resource is also ideally situated in relation to coal, gas, forestry and 

agricultural resources and would underpin a leading global hub for negative emissions technology 

including energy (gas, electricity), hydrogen, CCS (Carbon capture and storage) and BECCS (Bioenergy 

with carbon capture and storage) while enhancing forestry and agricultural productivity across large 

tracts of central and southern Queensland. These basaltic ignimbrites are capped and preserved by an 

extensive welded tuff horizon below which the material is largely poorly lithified and very amenable to 

crushing.  Ideal for applying to agricultural land with the benefits of advanced weathering carbon capture 

as well as improved soil structure, water holding capacity and fertility.  Research into this application is 

already underway on one property. 

Covid-19 travel restrictions have limited the amount of field work curried out on the EPM during the 

reporting period. 

Sub-blocks: 

BIM BLOCK SUB-BLOCKS 

Charleville 625 C,D,E 

Charleville 626 A,B,C 

Charleville 337 N,Q,T,U,Y,Z 

Charleville 482 V,W,X,Y 

Charleville 554 A,B,C,D,F,G,H,J,K,L,M,N,O,P,Q,R,S,T,V,W,X,Y 

Charleville 553 K,O,P,S,T,U,X,Y,Z 

 

Total: 45 sub-blocks 
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2. INTRODUCTION 

EPM 27596 is in two portions that are located south of Springsure and west of Rolleston as shown in Fig 1.  

The main body of the EPM was selected to cover one of the thickest and extensive accumulations of 

Tertiary basaltic rocks in Queensland.  The smaller, northern portion of the EPM was selected to cover the 

northern limit of the Buckland volcanic sequence where easy access to exposures is available in old road 

gravel quarries.  This portion also covers part of an Organic Beef property where crushed material from an 

old gravel quarry on the property has been applied at varying rates to fodder crops.  The resulting changes 

in chemistry and texture to the black soils along with production variations will be monitored. 

 

Fig. 1 Location of EPM27596 approximately 80km to the south of Springsure and west of Rolleston, 

Central Queensland.  Map base supplied by GeoResGlobe. 
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The southern portion of the EPM covers the largest remnant of the Buckland volcanic sequence that has 

not been significantly dissected and eroded.  Exposures in road cuttings that ascend the Buckland 

Tableland provide evidence that the bulk of the sequence is a basaltic ignimbrite deposit capped by 

extensive resistant welded layers that have preserved the underlying mostly non-welded ash material. XRF 

and XRD analyses indicate that this non-welded ash material has very similar compositional properties over 

a significant vertical interval of over 150m. A simple absorption test of the non-welded ash found it to be 

very absorptive and permeable.  This implies that this ash material has a high internal surface area that 

could react with any solution or gas that is injected into the sequence via bore holes from above.  At this 

stage it appears that this extensive remnant of the Buckland Tableland has the potential to sequester a 

very large tonnage of CO2 as carbonate minerals using the technique pioneered by Carbfix in Iceland.  This 

technique requires carbon dioxide to be dissolved in water and then pumped into fresh basalt under 

pressure where, through a number of steps, it combines with calcium, magnesium, manganese and iron to 

form carbonate minerals.  

3. REGIONAL CONTEXT 

EPM27596 lies approximately 80km south of Springsure and 50km west of Rolleston in Central Queensland 

and covers the largest contiguous portion of the 200 to 300m thick Buckland Volcanic sequence outside of 

the Carnarvon National Park.  The Carnarvon National Park forms the western boundary of the EPM.  The 

underlying basement is the Springsure Shelf that is covered by Permian and Triassic sediments that are 

prospective for coal and gas.  State Gas Ltd ATP 2062 overlaps the eastern portion of EPM 27596.  State 

Gas Ltd is targeting coal seam gas in the Permian coal measures.  The Tertiary Buckland Volcanic Province 

has been dated at between 25 and 28 Ma (Sutherland et al 1989).  Assuming that Australia has been 

moving north at 7cm/year since then, this area would have been located around 40 degrees south where 

Bass Strait now is.  The remnants of the Buckland Volcanic Sequence that have been targeted by this EPM 

have not previously been subjected to analysis, mainly due to limited access.  Pindari Station have 

constructed a road access from the north.  Road cuttings on these roads offer good exposures of the 

sequence, enabling identification of volcanic textures such as degassing pipes and a paleo soil horizon 

marking a temporary hiatus in volcanic activity.  Interpretation of field observations has identified this 

portion of the Buckland Volcanic Province as an outlier of basaltic ignimbrite where a welded upper layer 

has protected an underlying largely non-welded ignimbrite sequence mostly in excess of 150m thick.  

Access to the northern section of the EPM is along the Wealwandangie Rd from Springsure.  Two 

abandoned road gravel quarries on Wealwandangie Station provide good exposures of the basal portion of 

the northern limit of the basaltic ignimbrite. The geophysical images for this area on the GeoRes Globe 

website are compiled from old data with wide spaced flight lines.  This data unfortunately is of little use in 

this study.  More detailed aeromagnetic images of the eastern margin of the Buckland Tableland beyond 

the EPM imply that there was a reversal of the global magnetic field during the accumulation of the 

Buckland sequence.  
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Fig. 2 Oblique view of the Buckland Tableland looking north. Red line delineates the two portions of EPM 

27596.  White patches are clouds.  Scale bar bottom right is 1km. Google Earth image. 

4. PREVIOUS EXPLORATION 

The main area of EPM 27596 has had no previous mineral exploration while the smaller northern section 

has been investigated for bentonite in the Permian Black Alley Shale. This is currently not of interest. 

5. GEOLOGY AND ROCK CHIP SAMPLING 

The main body of EPM 27596 was selected on the basis of the Buckland Volcanic PhD Thesis by Andrew 

Skae submitted to the University of Oxford in 1998.  This thesis described the Petrology of the Buckland 

Volcanic Province and identified it as a shield area 60km across and up to 300m thick with an age of 27 to 

28 Ma.  These characteristics identified the area as having some potential for carbon dioxide sequestration 

using the process pioneered by Carbfix in Iceland, converting CO2 to carbonate minerals.  However none of 

Andrew’s sample sites were within the boundaries of EPM 27596.  The smaller northern portion of the 

EPM was selected on the basis that lavas may have interacted with the underlying bentonite, producing 

water and palagonite.  Research to establish whether the non-welded ignimbrite can be used to produce 

geopolymers as a cement substitute, is currently in progress at University of Southern Queensland.  

Fieldwork has found that the portion of the Buckland Tableland selected for EPM 27596 is mostly made up 

of basaltic ignimbrite.  Welding of the upper layers has protected a large volume of non-welded, relatively 

soft basaltic ash that is both permeable and porous.  This non-welded material is likely to have a high 

capacity to absorb carbon dioxide and fix it as carbonate minerals. There are two old road gravel quarries 

on Wealwandangie Station in the smaller northern portion of the EPM where material was extracted from 

the northern extremity of the ignimbrite sheet.  In one of the quarries there are large pillow-like structures 

and in both quarries the material is very vesicular.  Extensive calcrete carbonate precipitation from 
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meteoric water is also evident at both quarries.  The devitrified basaltic glass in the ash has converted to 

palagonite as demonstrated by the XRD and XRF analytical results shown in Fig. 6 below. 

 

 

Fig. 3 Geological map of the norther section of EPM27596 overlaid on the Google Earth image.  Non-

welded ignimbrite (Tbi) overlies an older basalt flow that extends to the north and east. 
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Fig. 4 Apparent pillow structures in the northern limit of the Buckland Basaltic Ignimbrite most likely the 

result of degassing channels.  Note calcium carbonate calcrete formation both along and adjacent to the 

channels where CO2 dissolved in rainwater has reacted with calcium in the basalt. The ignimbrite has a 

high component of devitrified glass that is now a combination of amorphous material and smectite clay. 

It is essentially palagonite.   

This material is both permeable and absorbent.  When crushed and added to the black agricultural soils 

in the area it has a very positive effect on soil structure and fertility.  It also has the ability to sequester 

CO2 through accelerated weathering to carbonate minerals when spread on agricultural cropping soils.  

The rock is relatively soft and easy to crush and screen with costs below $10/tonne. 

 

 

 

 

 

 



9 
 

 

 

 

Fig. 5 Degassing tube/fracture in ignimbrite on Wealwandangie Station in old road gravel quarry.  Note 

calcium carbonate formation both within the tube/fracture and laterally.  Clear evidence of the potential 

for CO2 sequestration by this palagonite-rich ignimbrite material. 
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A PORTABLE XRF ANALYSER OF THE FINE FRACTION DERIVED FROM CRUSHING THE MATERIAL FROM FIG. 4 

ABOVE GAVE THE FOLLOWING ANALYSIS IN ppm, % for Fe and Ca. 

Cu Sr Rb Zn Ni Co Fe Mn Ti Ca K Ba Zr 

36 543 5 97 102 285 6.9% 1179 7335 10.4% 3760 273 121 

 

Fig. 6  XRD and XRF results from the road gravel quarry in Fig.3 above.  The XRD shows that the main 

minerals are montmorillonite, calcium-bearing albite and augite.  The gap below the trace infers a large 

amorphous component.   
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Fig. 7 Geological map of the southern portion of EPM27596 overlaid on the Google Earth image.  This 

covers the Buckland Tableland that has been preserved by an extensive welded ignimbrite that overlies 

a thick, non-welded ignimbrite.  This non-welded portion is thought to have the potential to sequester 

large tonnages of CO2 as carbonate minerals. 
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Fig. 8 Degassing tube/fracture in a road cutting on the northern escarpment of the Buckland Tableland 

showing the alteration halo (darker colour) rimmed by calcite deposition where CO2 reacted with the 

ignimbrite. 
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Fig. 9 Two degassing tubes in ignimbrite exposed in a road cutting on northern escarpment of the 

Buckland Tableland. Both have alteration halos and calcite on fractures is exposed to the right. 

 

Fig. 10 Numerous degassing tubes on top of the Buckland Tableland.  The host ignimbrite and scoria 

appears to have formed a natural geopolymer that is very resistant to weathering. 
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Fig. 11 This outcrop is part of the welded ignimbrite capping on top of the Buckland Tableland.  It has the 

appearance of a natural geopolymer and is impermeable and resistant to weathering.  The oxidised rind 

on the outcrop is very thin.  Hat for scale.  
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A simple pot trial with corn seeds planted in a sample of local agricultural soil provided some interesting 

results: 

 

Fig. 12 Pot trial results showing how the additions of compost and palagonite (from Buckland Ignimbrite) 

have a marked effect on the root and plant development in corn seedlings. 

6 CONCLUSIONS 

The Buckland Tableland has been found to comprise an unusual accumulation of basaltic ignimbrite.  The 

only other documented occurrence of a similar sized formation of this size is on the Gran Canary Island. 

The physical and chemical characteristics make this rock formation suitable for crushing and spreading on 

agricultural land to both improve fertility and absorb CO2 from the atmosphere through advanced 

weathering. It may also be suitable for CO2 conversion to carbonate minerals using the dissolved CO2 

injection technique developed by Carbfix in Iceland. A third application may be in the development of 

geopolymers or low carbon cement.  These processes combined have the capacity to absorb and convert 

many millions of tonnes of CO2 from the atmosphere as well as reduce emissions through the manufacture 

of low carbon geopolymers and cement. 

Future work will initially involve more field mapping, geochemical and XRD analyses and petrographic 

examinations of rocks from the Buckland Tableland.  Monitoring the effects of applying crushed ignimbrite 
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(palagonite) to agricultural black soil cropping land will also be undertaken. 

Drilling of a number of core holes through the basaltic ignimbrite on the Buckland Tableland will be 

required to obtain fresh core samples to test the absorption and conversion rates to carbonates when 

impregnated with water saturated with CO2. 
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