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Introduction 
Sands in the Permian Tinowon Formation have been unpredictable in terms of their 
reservoir and produc tion characteristics.  Several holes in the Myall Creek – Churchie 
area have tested or come on stream at good rates up to 8 Mmscf/d while others gave 
very disappointing rates or RTSTM on test and have failed to flow in line.  As part of 
the exercise to investigate this behaviour, well-to-well correlation was re-evaluated 
and all available physical samples were inspected. 
 
Method 
In conjunction with the re- logging of 487m of the Permian Bowen Basin succession 
in 31 partially cored well bores from the eastern Roma Shelf / western Taroom 
Trough area, eight sandstone samples were collected for petrological examination.  Of 
these, one, from Churchie-2, had already been described in an earlier report by Julian 
Baker, then working for ACS.  The proof that the fibrous and honeycomb-textured 
diagenetic clays in the sands from this area was useful in the interpretation of the 
SEM images derived from this suite of samples.  A further 3 samples were collected 
from the vicinity of a gamma ray spike in Myall Creek-3 in an effort to explain the 
origin of the gamma spike.  The samples collected are tabulated below. 
 

Tinowon Fm Tinowon SS Myall Creek 3 2050.80m 
  Tinowan SS Myall Creek 3 2063.15m 
SEM only, TS 
in earlier 
report 

Intra-Wallabella SS Churchie 2 2151.20m 

  Lower Tinowon 
(Lorelle?) 

Myall Creek 3 2102.10m 

  Lower Tinowon 
(Lorelle?) 

Myall Creek 3 2110.35m 

Muggleton 
Fm 

Lorelle SS Bengalla 1 6904’ 

  Lorelle SS Wallumbilla South 5 1901.60m 
  Lorelle SS Wallumbilla South 5 1919.90m 
Plus 3 
samples 

      

  Muggleton GR 
marker? 

Myall Creek 3 2091.50m 

  Muggleton GR 
marker? 

Myall Creek 3 2091.70m 

  Muggleton GR 
marker? 

Myall Creek 3 2091.70m 

 



 
 
The samples were collected with the aim of understanding the controls on reservoir 
quality in the sandstones of the Tinowon Formation and the Lorelle Sandstone of the 
Muggleton Formation.  The good quality of the Tinowon Sandstone is in stark 
contrast to the other sands in the same formation and the Lorelle Sandstone Member 
of the underlying Muggleton Formation.  Although thin sections were prepared from 
all but one of the samples, it soon became apparent, through interpretation of the SEM 
analysis, combined with observations made during the re-logging exercise and the 
existing detailed petrology, that detailed petrology on the prepared thin sections was 
not required to see the answer to the question of reservoir quality.  Consequently, the 
thin section petrology consisted only of imaging the sections on a flatbed scanner to 
record the distributions of pores, framework grains and cement. 
 
Summary 
In a nutshell, the reservoir quality of most Permian sands in the study area is 
adversely affected by a high volcanolithic component and the extensive diagenetic 
growth of swelling smectitic clays and their partial alteration to fibrous illite.  The 
Tinowon Sandstone Member is the best reservoir as it has more quartz and less 
volcanics in the framework grains and so has less smectite- illite cement than other 
Permian sands studied.  The high quartz content appears to be a function of reworking 
on an unconformity surface, removing some of the labile framework component.   
 
Sandstones from the Wallabella Coal Measures are particularly volcanic rich, with 
coeval ash added to the sediment during sedimentation.  Both the framework grains 
and the volcanic ash matrix have been altered to smectite illite, sealing the rock 
against any gas flow.  Even if the rock were gas saturated, no flow would be possible. 
 
The Lorelle Sandstone is more widely distributed than the Tinowon sandstone and the 
regional variations in reservoir quality are ascribed to changes in sediment 
provenance.  The Lorelle Sandstone equivalents in Myall Creek are microporous but 
tight.  At Bengalla, the Lorelle SS shows good saturation but poor DST tests.  At 
Wallumbilla South, the Lorelle SS is able to produce gas, presumably because the 
quartz content is slightly higher than in other areas and the illite-smectite present 
occurs in discrete areas that do not fully interfere with the passage of gas.  The better 
sands are thought to have been derived from areas where granite is more common 
than volcanics, thereby increasing the feldspar and quartz content at the expense of 
volcanic rock fragments. 
 
The reason for the elevated gamma ray response at the level of the GR spike in Myall 
Creek-3 was not resolved by the petrology done to date but an airfall tuff with 
different mineralogy to other similar events remains the strongest possibility. 



Results 
 

 
 
 
 
 
 
 
 

Dissolved Kspar 

Coarse sublith felds SS 

Half of large pores from plucking 
half are real 

Myall Creek 3, 2063.15m, Tinowon SS.  8  Mmscf/d DST, good primary 
porosity, Kspar dissolution, no smectite/illite, less VRF than older 
sands. 



 
 

 
 
The reason for the good flow rates from this interval can clearly be seen in both the 
scanned thin section and the SEM images.  Large open pores with little clay 
“decoration” on the quartz overgrowth surfaces provide little impedance to gas flow.  
The clays that are present are largely confined to the discrete areas of the altered 
volcanic grains.  Some of the blue pores in the thin section (those with relict small 
particles within the blue area) are the result of plucking of clays during section 
preparation.  SEM confirms many of the pores are real. 

Myall Creek 3, 2063.15m, Tinowon SS.  8  Mmscf/d DST, good primary 
porosity, Kspar dissolution, no smectite/illite, less VRF than older 
sands. 

Altered VRF 

Polygonal Q o/g growing into open pores 

Open polygonal pores 
between framework grains 



 
 
 

Myall Creek 3, 2050.8m,  
Ripple cross-laminated, fine to very fine grained volc-lith SSat the base 
of the Tinowon Siltstone. 
 Kspars are partially dissolved to give open secondary porosity 
but alteration of VRFs to smectite and subsequent conversion 
to illite in this fine SS severely impacts permeability. 

Scanned thin section 

Low magnification SEM image 



 
The fine grained sandstone above the main reservoir in Myall Creek 3 is not part of 
the reservoir.  Although it may be gas-charged, the small pores are not well connected 
and this, combined with the growth of fibrous illite-smectite crystals on most of the 
larger grain surfaces severely impedes permeability. 
 

Myall Creek 3, 2050.8m,  
ripple cross-laminated, fine to very fine grained volc-lith SS 

at the base of the Tinowon Siltstone. 
 Kspars are partially dissolved to give open secondary porosity 
but alteration of VRFs to smectite and subsequent conversion 

to illite in this fine SS severely impacts permeability. 

Detail of dissolved K feldspar with growth of illite-smectite 



 
 

 
 
Although the scanned thin section shows a lot of apparent porosity, many of the pores 
are the result of plucking of water-reactive clays during sample preparation.  Relict 
shards in the pores are a good indication of this, as is the lack of large, open pores 
visible in the SEM images.  The proportion of volcanic rock fragments in the 
framework component of this sediment can be judged by the number of pale brown 
grains among the white quartz grains in the scanned thin section.  The biggest pores in 
this sample are the result of dissolution of K feldspar but these pores are surrounded 
by fibrous clays which severely limit the connectedness of the large pores. 
 

Smectite is attached to most grain surfaces 

Relict shards in blue areas suggest severe grain 
plucking 

Myall Creek 3, 2110.35m, Lower Tinowon SS (Lorelle?).  Tight rock 
caused by abundant smectite and illite from common VRFs. 



 
 

 
 
Detail in the SEM images from this sample shows fibrous clays linking right across 
the porous zones between the framework grains.  There is no pathway through the 
rock not impeded by these clays.  The abundance of the clay (illite-smectite) is a 
function of the high content of volcanic rock fragments in the original sediment. 
 
 

Myall Creek 3, 2110.35m, Lower Tinowon SS (Lorelle?).  Tight rock 
caused by abundant smectite and illite from common VRFs. 

Illite on smectite bridges most pores, 
predates final Q overgrowth  

VRFs alter to smectite, kaolin and illte 



 

 

 
 
The high volcanic component of this sandstone is evident from the proportion of pale 
brown, altered grains amongst the white quartz grains in the scanned thin section.  
Dark stylolites and silty layers impede permeability. 

Poorly sorted volc-lith SS with kerogen-filled stylolites 

Dissolved Kspar 

Myall Creek 3, 2102.10m, Lower Tinowon SS (Lorelle?).  Smectite 
alteration of high VRF content kills permeability 



 

 
 
A honeycomb of smectite- illite clay pervades all pores in this sample, virtually 
sealing it against any movement of gas. 

Myall Creek 3, 2102.10m, Lower Tinowon SS (Lorelle?).  Smectite 
alteration of high VRF content kills permeability 

Honeycomb of smectite fills pores 



 

 
 
Although the thin section appears to show good connected porosity, much of the blue 
space is the result of swelling clays reacting at the time of thin section preparation and 
becoming plucked from the surface of the slide.  The SEM images show few large, 
open pores.  All pores are “decorated” with fibrous illite-smectite with no unimpeded 
pathways for gas production.  Good log porosity is to be expected, but much of it is 
too small to be effective. 

Poorly sorted sub-lith SS, half of large pores from plucking 

Bengalla 1, 6904’, Lorelle SS, interval with good porosity but only 0.1 
Mmscf/d on DST.  Abundant illite/smectite destroys permeability. 



 

 
 
Some good, open pores exist in this sample where K feldspars have been altered and 
partially dissolved but these are connected through the fine network and 
“honeycomb” of abundant illite-smectite. 

Bengalla 1, 6904’, Lorelle SS, interval with good porosity but only 0.1 
Mmscf/d on DST.  Abundant illite/smectite destroys permeability. 

Smectite “boxwork” with illite outgrowths 

Thick overgrowths on quartz grains, VRFs altered to smectite 



 
 

 
 
SEM images of this sample show that few of the large pores seen in thin section are 
real.  Most are artefacts of plucking during thin section preparation.  The reactive 
clays swell with the water used to prepare the slides, soften and are then easily 
plucked from the surface.   

Most large pores are artifacts of plucking 

Honeycomb of smectite plates after VRFs with later illite fibres 

WALLUMBILLA South 5, 1901.60m, Lorelle SS 
Well sorted medium volc-lith SS with secondary and micro-porosity.  

Later bridging smectite-illite damages the permeability. 



 
 
 
 
 
 
 
Gas is produced from the Lorelle Sandstone at Wallumbilla South so that the pores 
must be sufficiently connected to allow flow.  However, as swelling smectite- illite is 
so common, drilling- induced formation damage must be a big factor in this field.  Air 
or nitrogen drilling is likely to be an effective remedy to allow increased production 
rates and better gas drainage. 

Most porosity within dissolved feldspars 

WALLUMBILLA South 5, 1901.60m, Lorelle SS 
Well sorted medium volc-lith SS with secondary and micro-porosity.  

Later bridging smectite-illite damages the permeability. 



 
 

 
 
 

 
 
 
 

WALLUMBILLA SOUTH 5, 1919.90m, LORELLE SS 
 
Poorly sorted, volc-lith sandstone.  Kaolin fills  primary pores and 
replaces some feldspars.  Some open pores seen in thin section are real 
(not plucking artifacts) as shown by large pores on SEM. 
Masses of fibrous illite have potential to destroy permeability but are 
restricted to vicinity of altered volcanic rock fragments 



 
 
 
 
 
 
 
 
 
 
Fibrous illite, as depicted above, has the ability to completely seal a rock against gas 
movement.  Fortunately, in this case, the fibrous masses are restricted to altered 
(volcanic?) rock fragments and have not grown across all pore throats.   
 
 
 

WALLUMBILLA SOUTH 5, 1919.90m, LORELLE SS 
 
Poorly sorted, volc-lith sandstone.  Masses of fibrous illite have the 
potential to destroy permeability but are restricted to vicinity of altered 
volcanic rock fragments 



 
 
Churchie 2, 2151.2m.  (Page copied from ACS petrology report by Julian Baker.)  
The sandstone at this level is made of quartz and volcanic rock fragments in a matrix 
of volcanic ash.  All the volcanics have been altered to illite-smectite clay 
 



 
 
Churchie-2, around 2151m.  Core photo the volcanolithic sandstone described 
above.  Coarse cross bedded medium to coarse sand might imply good reservoir 
potential but the high lithic content, now altered to illite-smectite, destroys the 
porosity and permeability. 



 
 
 
Page from ACS petrology report by Julian Baker on samples from Churchie-2 shows 
the results of XRD analysis on the clay fraction from one of the samples.  Mixed layer 
illite-smectite is a major component of the clay fraction.  The shift in the peak from 
9.5 to 7.5 degrees 2 theta is a measure of the swelling capacity of the smectitic clay. 
 

Shift in illite-smectite peak 
during glycolation 

Kaolin and quartz peaks remain 
static during glycolation 

Churchie 2, 2150.0m  -  XRD traces on the fine fraction 
 
 

Blue trace = air-dried sample, green trace = glycolated sample 



 
 
Churchie-2, 2151.2m.  Low magnification SEM image shows angular quartz and 
feldspar (circled) grains coated with smectitic clay.  The very open pores are isolated 
from each other. 
 

 
 
Churchie-2, 2151.2m.  Very low magnification SEM image demonstrates the lack of 
open pores in this sample.  Much of the matrix in this sample is ash from 
contemporaneous volcanism, interpreted from the correlated interval in Myall Creek-
3. 



 
 
Churchie-2, 2151.2m.  The few open pores in this sample are surrounded by fine 
grained clays. 
 

 
 
Churchie-2, 2151.2m.  Detail of the open pore in the centre of the field of view 
above shows it to be the result of dissolution of a potash feldspar.  Microporosity in 
the surrounding illite-smectite clays adds to the log-measured porosity but severely 
limits permeability. 



 
Myall Creek 3, 2091.0m, (sampled to investigate the reason behind the Gamma Ray 
high).  The most common mineral different from adjacent samples is siderite (circled).  
While this in itself is no reason for the GR spike, it could represent additional iron 
from pyrite in tuff. 
 

 
Myall Creek 3, 2091.0m, (sampled to investigate the reason behind the Gamma Ray 
high).  Angular quartz grains and silt are tightly cemented by kaolin. 



 
Myall Creek 3, 2091.0m, (sampled to investigate the reason behind the Gamma Ray 
high).  Tightly packed masses of kaolin fill the pores between quartz overgrowths.  
This is common to most samples from the Tinowon in Myall Creek 3. 
 

 
Myall Creek 3, 2091.5m, (sampled to investigate the reason behind the Gamma Ray 
high).  Abundant mica gives a strong fabric to this fine sandy siltstone in the high GR 
band.  The abundant mica could be part of the reason for the elevated GR readings. 
 
 



 
Myall Creek 3, 2091.5m, (sampled to investigate the reason behind the Gamma Ray 
high).  Detail from some of the masses of kaolin in this sample shows illite-smectite 
coatings on the kaolin booklets.  This is common to most of the volcanolithic 
sandstones in the Tinowon Formation.  Mica (circled) is abundant in this sample, 
illustrating part of the reason for the elevated GR response. 
 
GR spike summary 
Three samples were collected from a thin zone with elevated gamma ray readings to 
investigate the cause of the response.  It is thought that an airfall tuff could bring 
about the GR spike observed in several wells in the area.  No uranium or thorium-
bearing minerals were observed in the samples studied that might explain the cause of 
the elevated GR response at this level in the stratigraphy.  Concentrations of siderite 
and mica much higher than in other Tinowon samples were seen but only the mica 
would be expected to add to the GR reading.  The mica observed is a little different 
from the norm, as it has iron concentrations (measured approximately by energy 
dispersive X-rays) that suggest the mica is a phlogopite.  While neither the siderite 
nor the phlogopite are particularly diagnostic of volcanic activity, they do show a 
pulse of sediment adding significantly to the iron content of this zone.  
Contemporaneous volcanic activity was observed 10 – 15 metres above this zone in 
the same hole so that an airfall tuff, while not proven, remains the strongest possibility 
as the cause of the spike. 
 
 



 
 
 
Diagenetic assessment was derived from SEM of all samples, EDS spot analysis 
on minerals not clearly identified by morphology, existing report on samples 
from Churchie 2 using thin section microscopy and clay mineralogy by XRD, 
high resolution scanning of thin sections prepared from the Tinowo n and Lorelle 
samples and reference to published petrology.  It was thought that a sufficiently 
complete answer as to controls on reservoir quality in the Tinowon and Lorelle 
sandstones was determined without recourse to further petrology on the 
prepared thin sections. 
 
 
 

     SUMMARY – DIAGENETIC EVENTS 
 
q All reservoirs are volcanolithic sandstones 
q Some intervals (Wallabella Coal Measures) have 

additional volcanic ash input 
q Cements include quartz overgrowths, smectite, illite, 

siderite, (zeolite and albite) 
q A range of cements develop from the complex water 

chemistry resulting from dissolution of the volcanic 
component 

q Porosity styles include  
• primary intergranular pores,  
• secondary dissolution of mainly K feldspars 
• Microporosity between clays and in dissolved feldspars 

 
 

The best reservoirs in the area (like the Tinowon 
Sandstone) develop where there is a lower volcanic 
content in the sands.  This can come about where there is  

• drainage from dominantly granite terrain,  
• reworking of sediment at sequence boundaries,  
• combined with deposition at times of no 

contemporaneous volcanism. 


