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EXECUTIVE SUMMARY 

All depths referenced in this report are the original sample depths in measured depth (MD) 
relative to the Rotary Table (RT). No depth corrections have been applied. 

The hydrocarbon charge history in ten SWC and cuttings samples from the Birkhead, Hutton and 
Patchawarra formations in Kewarra-1, Cooper/Eromanga Basin, has been investigated using CSIRO 
Petroleum’s GOI™ (Grains containing Oil Inclusions) fluid inclusion technique. 

The 1527.0 m SWC sample at top Patchawaarra Formation, with a GOI of 3.0% and strong oil shows, 
is moderately good evidence for a small palaeo-oil zone in lower quality reservoir. The oil inclusions 
exhibit mostly near-blue fluorescence colour, consistent with higher API gravity oil. They occur 
predominantly at the quartz overgrowth boundary and within overgrowth, and to a lesser extent, in 
diagenetic fractures in quartz and feldspar. The reservoir is currently water-saturated and loss of oil 
from the top Patchawarra Formation is inferred. 

The Patchawarra (1545.0 m, 1552.5 m, 1560-63 m and 1563-66 m), Hutton (1467.0 m and 1470-73 m) 
and Birkhead (1465.5 m) formation reservoir intervals have low GOI of ≤0.1%. At the same time fluid 
inclusions were forming in the 1527.0 m palaeo-oil zone sample, these other samples were water or 
gas zone. 

The paucity of quartz cement in low GOI samples (≤0.1%) from the 1457.0 m and 1461.0 m SWC 
samples from the Birkhead Formation limits their interpretation to water or gas zone at the time fluid 
inclusions were forming in fractures. 

Exposure to oil at higher saturation outside the time intervals for frequent formation of fluid inclusions 
is not evaluated by the GOI technique. Oil that is represented by shows may have migrated to the top 
Birkhead Formation after diagenetic fracturing, and to the Hutton Sandstone and other Parchawarra 
Formation reservoirs after quartz cementation. 

The GOI technique does not test for gas, and the possibility of gas or gas-condensate accumulation is 
not evaluated by the data. 
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INTRODUCTION 

The hydrocarbon charge history in ten SWC and cuttings samples from the Birkhead, Hutton and 
Patchawarra formations in Kewarra-1, Cooper/Eromanga Basin, has been investigated using CSIRO 
Petroleum’s GOI™ (Grains containing Oil Inclusions) fluid inclusion technique. 

Kewarra-1 (Figure 1) was an unsuccessful exploration well with moderate to good shows in the 
Birkhead and Patchawarra formations and poor shows in the Hutton Sanstone. The wildcat well was a 
test of the oil potential of the Jurassic and Permian interval within a simple four way dip anticlinal 
structure located to the east of Gidgee and northwest of the Munro oil fields. 

A conventional straddle test (DST#1) was performed in the Patchawarra Formation resulting in 
recovery of 60 bbls of formation water. Log analysis (Schlumberger) indicates no net pay from all 
potential reservoirs. 

Figure 1: Kewarra-1 location map. 

 
From Beach Petroleum Ltd. 
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Objectives  

The objectives of this study were to assess palaeo-oil saturation in the following intervals by 
measuring the abundance of oil inclusions using the GOI technique: 

1. Middle Jurassic Birkhead Formation  – oil shows from 1455.0 m – 1465.0 m. 

2. Middle Jurassic Hutton Sandstone (primary objective) – oil show in 1467.0 m SWC. 

3. Permian Patchawarra Formation (secondary objective) – oil shows from 1521.0 m – 1560 m. 

Sample Description & Preparation 

A total of seven SWC samples and three cuttings samples were supplied by Beach Petroleum Ltd for 
analysis ( 

Table 1). The cuttings samples were cleaned by digestion in dilute hydrogen peroxide solution for a 
minimum of 24 hours to remove fluorescing organic material from the grain surfaces. The SWC 
samples were cleaned by sohxlet extraction with a mixture of a dichloromethane and methanol for 48 
hours. The 1467.0 m, 1527.0, 1545.0 and 1552.5 m SWC samples became disaggregated during 
soxhlet preparation and were subsequently cleaned with hydrogen peroxide in an ultrasonic bath to 
remove fine clays. 

Samples were then impregnated with epoxy resin and prepared as 80µm-thick, single-polished, fluid-
inclusion thin sections. Irgalite Blue® pigment was added to the epoxy resin to suppress fluorescence 
under ultraviolet light.  

Note: All depths referenced in this report are the original sample depths in measured depth 
(MD) relative to the Rotary Table (RT). No depth corrections have been applied. 

 

Table 1: Description of samples from Kewarra-1. 

Well CSIRO 
No. 

Depth 
Driller 
(mRT) 

Depth 
Logger  
(mRT) 

Sample 
Type Formation Fluor. 

Shows GOI 

 Kewarra-1 131820 – 1457.0 SWC Birkhead No 
" 131821 – 1461.0 SWC Birkhead No  
" 131822 – 1465.5 SWC Birkhead No  

" 131823 – 1467.0 SWC Hutton 100%  
" 131824 1470-73 – Cuttings Hutton No  

" 131825 – 1527.0 SWC Patchawarra 80%  
" 131826 – 1545.0 SWC Patchawarra 2%  
" 131827 – 1552.5 SWC Patchawarra 100%  
" 131828 1560-63 – Cuttings Patchawarra No  
" 131829 1563-66 – Cuttings Patchawarra No  
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PETROGRAPHY 

Samples from Kewarra-1 were examined with a transmitted light microscope and selected 
petrographic features are presented in Table 2. 

Table 2: Selected petrographic features of samples from Kewarra-1. 

Well CSIRO 
No 

Depth 
Driller 
(mRT) 

Depth 
Logger 
(mRT) G

ra
in

 S
iz

e 

Fa
br

ic
 

C
on

ta
ct

 

V
is

ua
l 

Po
ro

si
ty

 

M
at

rix
 

Q
O

 

C
em

en
t 

K5Kewarra-1 131820 – 1457.0 vf G Pt-Pl Neg Tr Nil 
" 131821 – 1461.0 vf-f G Pt-Pl Neg Tr Nil K5

" 131822 – 1465.5 vf-f G Pt-Pl Poor Tr Min K4

" 131823 – 1467.0 f-c – – – – Min-Mod – 
" 131824 1470-73 – m-c – – – – Min-Mod – 
" 131825 – 1527.0 f-m – – – – Min-Mod – 
" 131826 – 1545.0 f-c – – – – Tr – 
" 131827 – 1552.5 f-c – – – – Min – 
" 131828 1560-63 – f-m – – – – Tr-Min – 
" 131829 1563-66 – f-c – – – – Min – 

Grain Size: vf = very fine (62-125 µm), f = fine (125-250 µm), m= medium (250-500 µm), c= coarse (500-1000 
µm), vc= very coarse (1-2 mm). Fabric: G= grain-support, M= matrix-support. Grain Contact: Pt = point, Pl = 
planar. Visual Porosity: negligible (0-5%), poor (5-10%), fair (10-15%), good (15-20%), very good (20%+). Nil (not 
observed), Negligible (neg or 1), trace (tr or 2), minor (min or 3), moderate (mod or 4), major (maj or 5). 
Parentheses () indicate a secondary modal abundance. QO = quartz overgrowth; Cu = undifferentiated carbonate 
cement, Cc = calcite cement, K = kaolin, S = siderite, AC = authigenic clay. 

Birkhead Formation 

Three SWC samples are very fine to fine grained quartz sandstones with very poor to poor reservoir 
quality (Figure 2A, C, E). In the upper two samples at 1457.0 m and 1461.0 m visual porosity is 
negligible and has been occluded by authigenic kaolin cement (Figure 2B, D). Quartz overgrowth 
cement was not observed in either of these two samples and many of the detrital grains have corroded 
margins, consistent with replacement by kaolin. The availability of trapping sites for inclusions at the 
quartz overgrowth boundary are likely to be limited in these samples. In the 1465.5 m sample, 
however, quartz cement is best developed in domains where kaolin is absent and this suggests that 
kaolin largely precedes quartz cementation. The quartz cement has euhedral form with semi-
continuous rims up to 25-micron in thickness and partly occludes porosity (Figure 2F). 

Diagenetic fluid inclusions decorating healed fractures may be present in all these samples but cannot 
be imaged by optical microscopy. The presence of some oil inclusions along fractures in the 1457.0 m 
SWC sample and their depth of burial, however, confers some degree of confidence for their presence. 
Confirmation of this requires SEM-cathodoluminescence. 

 

Hydrocarbon Charge History Kewarra-1 8 



 

Figure 2: Photomicrographs of samples from the Birkhead Formation. 
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BA
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Qtz (corroded)

K

 
(A) Very-fine grained quartz sandstone [SWC – 1457.0 m]. (B) Partly corroded quartz (Qtz) grain with 

replacement by porosity-occluding authigenic kaolin (K) [SWC – 1457.0 m]. (C) Very-fine to fine grained 
quartz sandstone [SWC – 1461.0 m]. (D) Partly corroded quartz (Qtz) grain with replacement by 
porosity-occluding authigenic kaolin (K) [SWC – 1461.0 m]. (E) Very-fine to fine grained quartz 

sandstone [SWC – 1913.7 m]. (F) Euhedral quartz overgrowth cement partly occluding pore space [SWC 
– 1913.7 m]. 

Hutton Sandstone 

One disaggregated SWC sample from 1467.0 m and one cuttings sample from 1470-73 m comprise 
fine- to coarse-sized grains of quartz and feldspar (Figure 3A, C). Quartz overgrowth cement is 
observed on many quartz grains where it typically forms semi-continuous rims of euhedral quartz up 
to 25-micron in thickness (Figure 3B, D). The paucity of quartz grains with corroded margins may 
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suggest that kaolin was not a significant authigenic component of these rocks. This is consistent with 
the SWC description of the 1467.0 m sample that indicates minor clay matrix and weak quartz cement. 

Diagenetic fluid inclusions decorating healed fractures may be present in these samples but cannot be 
imaged by optical microscopy. The depth of burial of these sands, however, confers some degree of 
confidence for their presence. Confirmation of this requires SEM-cathodoluminescence. 

Figure 3: Photomicrographs of samples from the Hutton Sandstone. 
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QO

QO
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(A) Fine- to coarse-sized grains of quartz and feldspar [disaggregated SWC – 1467.0 m]. (B) Euhedral quartz 
overgrowth (QO) cement on detrital quartz [disaggregated SWC – 1467.0 m]. (C) Medium- to coarse-sized grains 

of quartz and feldspar [cuttings – 1470-73 m]. (D) Euhedral quartz overgrowth (QO) cement on detrital quartz 
[cuttings – 1470-73 m]. 

Patchawarra Formation 

Three disaggregated SWC samples from 1527.0 m, 1545.0 m and 1552.5 m and two cuttings samples 
from 1560-63 m and 1563-66 m comprise fine- to medium- and coarse-sized grains of detrital quartz 
and feldspar, with minor pyrite (Figure 4A, C, E; Figure 5A, C). 

Quartz overgrowth cement is present in all five samples however is best developed in the 1527.0 m 
sample from near top Patchawarra Formation. Quartz cement typically forms euhedral, semi-
continuous to continuous rims, <25 micron-thick (Figure 4B, D, F; Figure 5B, D). With the exception 
of the 1527.0 m sample, the samples have some detrital grains with corroded margins. By comparison 
with the 1465.5 m SWC sample from the Birkhead Formation, this suggests that domains within these 
samples are likely to cemented with authigenic kaolin (Figure 2F). 
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Diagenetic fluid inclusions decorating healed fractures may be present in these samples but cannot be 
imaged by optical microscopy. The presence of oil inclusions along some fractures in the 1527.0 m 
SWC sample and their depth of burial, however, confers some degree of confidence for their presence. 
Confirmation of this requires SEM-cathodoluminescence. 

Figure 4: Photomicrographs of samples from the Patchawarra Formation. 
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(A) Fine- to medium-sized grains of quartz and feldspar with minor pyrite [disaggregated SWC – 1527.0 m]. (B) 

Euhedral quartz overgrowth (QO) cement on detrital quartz [disaggregated SWC – 1527.0 m]. (C) Fine- to coarse-
sized grains of quartz and feldspar with minor pyrite [disaggregated SWC – 1545.0 m]. (D) Poorly developed 
quartz overgrowth (QO) cement on detrital quartz [disaggregated SWC – 1545.0 m]. (E) Fine- to coarse-sized 

grains of quartz and feldspar with minor pyrite [disaggregated SWC – 1552.5 m]. (F) Euhedral quartz overgrowth 
(QO) cement on detrital quartz [disaggregated SWC – 1552.5 m]. 
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Figure 5: Photomicrographs of samples from the Patchawarra Formation (continuted…) 
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(A) Fine- to medium-sized grains of quartz and feldspar with minor pyrite [cuttings – 1560-63 m]. (B) Partly 

corroded quartz overgrowth (QO) cement on detrital quartz [cuttings – 1560-63 m]. (C) Fine- to coarse-sized 
grains of quartz and feldspar with minor pyrite [cuttings – 1563-66 m]. (D) Euhedral quartz overgrowth (QO) 

cement on detrital quartz [cuttings – 1563-66 m]. 
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HYDROCARBON PETROGRAPHY 

Methods 

The GOI™ technique is a petrographic point counting method that records the number of quartz and 
feldspar Grains containing Oil Inclusions expressed as a percentage of the total number of those grains 
in each sample (Eadington et al., 1996). A computer controlled microscope stepping stage is used to 
determine the number of quartz grains containing oil inclusions by partitioning the fluid inclusion thin 
section into approximately 2000 Fields of View (FOV), each 0.5 x 0.5 mm. 

There are three methods for counting GOI. The number of FOV and tracks scanned is determined on a 
sample-by-sample basis by reference to counting statistics associated with the random selection of 
grains. 

1. The Square Grid (GOI_SG) scan protocol applies to samples where preliminary examination 
suggests an elevated GOI (>5%) is likely. Square fields of view (0.5 mm x 0.5 mm) are 
selected at random and a count made of the total grains and grains containing oil inclusions 
(GWOI). Typically hundreds of grains are counted. 

2. The Rectangular Grid (GOI_RG) scan protocol applies to samples where preliminary 
examination suggests a low GOI (<5%) is likely. Grains containing oil inclusions are counted 
in randomly selected rectangular fields and grains counted in a sub-set of the fields used to 
compute the total number of grains scanned. Typically thousands of grains are counted. 

3. The Point Grid (GOI_PG) count protocol applies to samples where preliminary examination 
shows that 200X magnification is not adequate to detect and identify oil inclusions due to their 
small size or high background fluorescence. This technique uses 500X magnification for 
positive identification of oil inclusions. Grains and associated oil inclusions are counted on a 
grain-by-grain basis. Typically one to two hundred grains are counted. 

Groups of oil inclusions called assemblages were classified by visual assignment of fluorescence 
colour on a three colour classification being near-blue, near-white, or near-yellow, also recognizing 
where oil inclusion assemblages have more than one fluorescence colour. The latter are described as 
being gradational blue to white, white to yellow or blue to yellow fluorescence. Often groups of 
inclusions with gradational blue to yellow fluorescence also exhibit variable gas to liquid ratios. 
Fluorescence was excited by UV illumination at 365 nm excitation wavelength and observed using a 
420 nm barrier filter. 

Location attributes in quartz and feldspar were recorded for each grain using the following 
descriptions: (i) no evidence for location in the grain, (ii) a trail(s) of inclusions decorating healed 
fractures in detrital quartz, (iii) inclusions in detrital feldspar, (iv) in fracture trails terminating at the 
quartz overgrowth boundary (QOB), (v) at the QOB, (vi) within quartz overgrowth (QO), (vi) within 
feldspar overgrowth, (viii) fractures that transect QO, (ix) fractures that are penetrative through the 
fabric of the rock. 
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GOI Results 

Oil inclusions were observed in five samples from 1457.0 m, 1527.0 m, 1545.0 m, 1560-63 m and 
1563-66 m and their abundance, as measured by GOI, are 0.1% to 3.0% (Table 3). 

Oil inclusions were not observed in the 1461.0 m, 1465.5 m, 1467.0 m, 1470-73 m and 1552.5 m 
samples and the GOI are reported as <0.1% to allow for the presence of oil inclusions in trace 
numbers, but being excluded from the small sub-samples used for the measurements. 

Oil-bearing inclusions used as the criterion to count GOI contain a fluorescing phase in the inclusion 
chamber that lacks internal structure and conforms to a spherical or bulbous vapour bubble. 

Table 3: GOI results for Kewarra-1. 

Well CSIRO 
No 

Depth 
Driller 
(mRT) 

Depth 
Logger 
(mRT) 

Count 
Protocol 

GOI 
(%) GWOI Total grains 

counted 

Kewarra-1 131820 – 1457.0 GOI_RG 0.1 2 3806 
" 131821 – 1461.0 GOI_RG <0.1 0 3302 
" 131822 – 1465.5 GOI_RG <0.1 0 3432 
" 131823 – 1467.0 GOI_RG <0.1 0 3055 
" 131824 1470-73 – GOI_RG <0.1 0 1200 
" 131825 – 1527.0 GOI_RG 3.0 44 1493 
" 131826 – 1545.0 GOI_RG 0.1 1 2574 
" 131827 – 1552.5 GOI_PG <0.1 0 50 
" 131828 1560-63 – GOI_RG 0.1 1 1394 
" 131829 1563-66 – GOI_RG 0.1 2 1553 

 

Oil Inclusion Attributes 

Oil inclusions in the 1527.0 m SWC sample, that has a GOI of 3.0%, exhibit mostly near-blue, with 
subordinate near white, fluorescence colours (Table 4; Figure 6). Where relationships could be 
observed, the oil inclusions occur predominantly at the quartz overgrowth boundary and within quartz 
overgrowth cement (Table 5; Figure 7; Figure 8A-B). There are a proportion of locations for which 
there is no clear relation with the grain and some of these are likely to be in locations associated with 
quartz cement. A subordinate number of grains have inclusions along healed micro-fractures in detrital 
quartz and feldspar (Figure 7; Figure 8C-D). 

In other samples, the proportion of grains with oil inclusions is too low to be statistically meaningful, 
however, most exhibit near-blue fluorescence colour and occur in fractures and at the quartz 
overgrowth boundary. 
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Table 4: Fluorescence colours of oil inclusions from Kewarra-1. 

Well CSIRO 
No 

Depth  
Driller 
(mRT) 

Depth  
Logger 
(mRT) 

B
lu

e 
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te
 

Y
el
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w

 

G
rd
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e 
-W

hi
te

 
G

rd
 

W
hi

te
 -

Y
el

lo
w

M
+A

 

Kewarra-1 131820 – 1457.0 0 1 0 0 0 1 
" 131821 – 1461.0 0 0 0 0 0 0 
" 131822 – 1465.5 0 0 0 0 0 0 
" 131823 – 1467.0 0 0 0 0 0 0 
" 131824 1470-73 – 0 0 0 0 0 0 
" 131825 – 1527.0 35 8 1 0 0 0 
" 131826 – 1545.0 1 0 0 0 0 0 
" 131827 – 1552.5 0 0 0 0 0 0 
" 131828 1560-63 – 1 0 0 0 0 0 
" 131829 1563-66  1 0 1 0 0 0 

Grd: gradational. M+A: multi-fluorescence + attributes. 

 

Table 5: Oil inclusion locations for samples from Kewarra-1. 

Well CSIRO 
No 

Depth  
Driller 
(mRT) 

Depth  
Logger 
(mRT) U

nr
es

ol
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d 

Fr
ac

. q
ua

rtz
 

Fr
ac

. f
el

ds
pa
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. T
er

m
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Fe
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e 
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ac
. 

Kewarra-1 131820 – 1457.0 0 2 0 0 0 0 0 0 0 
" 131821 – 1461.0 0 0 0 0 0 0 0 0 0 
" 131822 – 1465.5 0 0 0 0 0 0 0 0 0 
" 131823 – 1467.0 0 0 0 0 0 0 0 0 0 
" 131824 1470-73 – 0 0 0 0 0 0 0 0 0 
" 131825 – 1527.0 17 5 2 0 13 7 0 0 0 
" 131826 – 1545.0 0 1 0 0 0 0 0 0 0 
" 131827 – 1552.5 0 0 0 0 0 0 0 0 0 
" 131828 1560-63 – 0 0 0 0 1 0 0 0 0 
" 131829 1563-66 – 0 2 0 0 0 0 0 0 0 

Refer to text for full description of location attributes. 
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Figure 6: Fluorescence colour and location of oil inclusions in samples from Kewarra-1. 

GOI (%) on x-axis (normalised to No. of grains), depth (mRT) on y-axis. 
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Figure 7: Location of oil inclusions, by colour, in samples from Kewarra-1. 

GOI (%) on x-axis (normalised to No. of grains) and depth (m) on y-axis. 

 

 



 

Figure 8: Photomicrographs of oil inclusions from the Patchawarra Formation. 

DC

BA

Qtz

oi

oi

owi

QO

 

(A-B) Oil inclusion at the quartz overgrowth (QO) boundary [1527.0 m]. (C-D) Oil and oil-water inclusion along the 
trace of a healed diagenetic fracture in detrital quartz [1527.0 m]. Paired transmitted light (left) and UV 

fluorescence (right). 

 

 

 



 

PALAEO-OIL SATURATION 

Interpretation of GOI data should be informed by the quality of poro-perm in the reservoir and the 
abundance of trapping sites for diagenetic fluid inclusions in the grains. 

Palaeo-oil Saturation from GOI Data 

Palaeo-oil zones can be mapped using the GOI™ (Grains containing Oil Inclusions) technique 
(Eadington et al., 1996), complemented by the OMI technique (Liu & Eadington 2003). OMI is an 
interpolating algorithm that is used to examine the extent to which the variance in GOI can be 
explained by the buoyancy and capillary properties of the reservoir. 

GOI values in producing oil zones vary widely from <0.1% to about 95% (Figure 9). Samples with 
GOI values >5% are only from producing oil zones, from palaeo-oil zones recognised by solid 
fluorescence, or from locations that can reasonably be expected to have been in closure. Such GOI 
data usually show stratification that reflects buoyant confinement of oil. GOI values >5% have not 
been measured in samples where closure and high oil saturation are unlikely to have occurred. 
Consequently GOI values >5% can be readily identified as palaeo-oil zone by empirical comparison. 

Figure 9: GOI values recorded in oil and water legs of current day oilfields. 
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GOI values between <0.1% and 5% also occur in current oil zone and the reverse logic that values 
<5% indicate there was no palaeo-oil zone is not valid. GOI values <5% may result from low oil 
saturation on account of high displacement pressure, from low buoyancy pressure at the base of the oil 
zone or migration pathway, or an inhibition on trapping oil when fluid inclusions form due to 
wettability between the oil and mineral . The significance of GOI values <5% can be investigated by 
petrographic techniques and by using the OMI technique to show where there is continuity between 
GOI values that exceed 5% and where there are lower values of GOI. 

There are time and depth windows for frequent formation of fluid inclusions and outside these 
windows the frequency of formation of fluid inclusions may be too low to record oil saturation by oil 
inclusion abundance. 

 

 



 

Fluid Inclusion Trapping Sites 

The least accessible information on trapping sites is that about trails of fluid inclusions decorating the 
trace of healed fractures in detrital grains. Whereas trails of inclusions containing oil can reasonably 
be interpreted as being diagenetic, trails of aqueous inclusions may be diagenetic or pre-burial, and the 
only method to differentiate them is to observe whether the trails are within non-luminescent quartz 
when under an electron beam (SEM-CL). 

Quartz overgrowth cement is another common trapping site for fluid inclusions in siliciclastic 
reservoirs, including those that trap oil. Formation waters saturated in silica are sourced locally from 
pressure solution of quartz at grain-grain contacts. Quartz cement is typically observed in reservoirs 
that are buried deeper than approximately 800-1000 m. 

In siliciclastic reservoirs compaction mechanisms during burial are transitional from grain boundary 
slip to brittle fracture as a result of increasingly energetic deformation as burial depth increases. Only 
brittle fracturing leads to diagenetic fractures. It is uncommon for trails of fluid inclusions to transect 
quartz overgrowth suggesting both pre-burial and diagenetic microfractures formed before quartz 
cementation. Cementation of siliciclastic reservoirs by quartz retards mechanical compaction and the 
formation of diagenetic fractures during brittle fracturing is reduced during this phase. 

In rocks that have been deeply buried and undergone almost complete porosity reduction via 
mechanical compaction and cementation, swarms of sub-parallel diagenetic fractures are sometimes 
observed to cross-cut, and therefore post-date, diagenetic cements such as quartz overgrowth. 
Fractures such as these commonly have preferential orientations and mechanisms for their formation 
may include tectonic effects. 

The two interdependent mechanisms that lead to porosity loss in siliciclastic reservoirs, namely 
compaction and cementation, also lead to the formation of trapping sites for fluid inclusions (Figure 
10). Documenting the presence of fluid inclusion trapping sites is important for interpreting oil 
inclusion abundance data and the relative timing of when the oil was trapped. 

Figure 10: Depth intervals for formation of oil inclusions in quartz.  
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Schematic compaction trends after Smalley et al. (1998). 
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Exposure of reservoir grains to oil at higher saturation outside the time intervals for frequent formation 
of fluid inclusions is not tested by the GOI technique. These time intervals may be when the grains 
were undergoing grain boundary slip, or later in the burial history after quartz overgrowth had formed. 
Low GOI in samples with good reservoir quality in some current oil zones attests to the transitory 
nature of fluid inclusion formation at the quartz overgrowth boundary. 

Interpretation of GOI from Kewarra-1 

With the exception of the 1457.0 m and 1461.0 m SWC samples from the Birkhead Formation, all 
other samples have evidence for quartz overgrowth cement and, at current depths of burial, are likely 
to have diagenetic fracture trails cutting detrital minerals. Both locations are important for the trapping 
of fluid inclusions, including oil. 

Patchawarra Formation 

The 1527.0 m SWC sample has a GOI of 3.0%, which is anomalous with respect to oil zone samples 
(Figure 9). Most inclusions are observed at the quartz overgrowth boundary and within overgrowth 
cement and a lesser proportion occur in fractures in detrital quartz and feldspar. The oil inclusions 
exhibit mostly near-blue fluorescence colour, consistent with higher API gravity oil (Hagemann and 
Hollerbach, 1985). 

GOI values between 1.5% and 3.5% are moderately anomalous with respect to palaeo-oil saturation 
and values of this magnitude require additional information about the reservoir, the location of the 
well intersection, and oil shows to interpret. 

The 1527.0 m SWC description indicates that the sandstone is friable, very fine to medium grained 
with abundant clay matrix and weak silica cement. A white clay, probably kaolin, was observed during 
the cleaning process, which, from other samples appears to predate the quartz cement. Many of the oil 
inclusions in this sample are trapped in quartz cement and this suggests that reservoir quality may have 
been lower, at the time oil was in the reservoir. In samples with poor reservoir quality the initial 
interpretation of GOI values between 1.5% and 3.5% is moderately good evidence for palaeo-oil zone. 
Higher displacement pressure reduces the number of grains exposed to oil and the GOI values. If 
reservoir quality was better in the past, then this sample may be from near the base of a palaeo-oil 
column where the buoyancy pressure and oil saturation is lower. Such samples could also be from an 
interval that brackets a palaeo oil-water contact. 

The gamma ray log from Kewarra-1 shows the 1527.0 m sample approximately 8 m below the 
Murteree Shale (Figure 11). If there was pressure communication with the overlying fine-grained 
sandstones and siltstones, then this interval is too great for migration alone. Strong oil shows extend 
above and below the 1527.0 m sample that support an interpretation for palaeo-oil accumulation.  

On balance, a GOI of 3.0% for the 1527.0 m sample is moderately good evidence for a small palaeo-
oil zone at the top Patchawaarra Formation. DST#1 recovered only formation water from this interval 
and, as the well intersected the Permian in a near crestal position, loss of oil from the reservoir is 
inferred. 

The 1545.0 m, 1552.5 m, 1560-63 m and 1563-66 m samples have similar reservoir characteristics to 
the 1527.0 m sample, with abundant kaolin inferred both from disaggregated clays and corroded 
quartz grains and trace to minor amounts of quartz cement. At the same time fluid inclusions were 
forming in the 1527.0 m palaeo-oil zone sample, these samples from the Hutton Sandstone with GOI 
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values of ≤0.1% were water or gas zone. Weak to strong oil shows are indicated in the 1545.0 m and 
1552.5 m samples and this oil may have migrated after the phase of quartz cementation. 

Hutton Sandstone 

Oil inclusions were not observed in the 1467.0 m SWC and 1470-73 m cuttings samples and the GOI 
are reported as <0.1% (Figure 11). The 1467.0 m SWC is described as a very-fine to medium grained 
rock with minor clay matrix and weak silica cement. This and the 1470-73 m cuttings sample have 
similar reservoir characteristics to the 1527.0 m sample from the Patchawarra Formation, with 
abundant kaolin inferred both from disaggregated clays and corroded quartz grains, and minor 
amounts of quartz cement. At the same time fluid inclusions were forming in the 1527.0 m palaeo-oil 
zone sample, these samples from the Hutton Sandstone were water or gas zone. 

The 1467.0 m sample is described as having 100% bright bluish-white fluorescence. The quartz 
overgrowth cement in this, and the 1470-73 m, sample has only water-filled inclusions and the 
inference is that the oil, represented by the shows, migrated into the porespace after quartz overgrowth 
formation and the frequent formation of fluid inclusions. 

Birkhead Formation 

The 1465.5 m SWC sample with a GOI of <0.1% has abundant authigenic kaolin, minor quartz 
cement and poor to fair porosity. At the same time fluid inclusions were forming in the 1527.0 m 
palaeo-oil zone sample, this sample from the base Birkhead Formation was water or gas zone. 

The 1457.0 m and 1461.0 m SWC samples with GOI of ≤0.1% do not have visual evidence for quartz 
overgrowth cement (Table 2), which limits the available trapping sites for fluid inclusions in this 
location. At current depths of burial, these samples are likely to have diagenetic fracture trails cutting 
detrital minerals and trace oil inclusions are observed in this location in the 1457.0 m sample. The 
GOI are interpreted as water or gas zone at the time fluid inclusions were formed in fractures.  

Palaeo-oil saturation at other times is not evaluated by the GOI technique, and this includes the phase 
of quartz cementation. Strong oil shows were recorded over the interval sampled by the 1457.0 m and 
1461.0 m SWC samples. This oil possibly migrated into the reservoir sometime after the frequent 
formation of fluid inclusions along diagenetic fractures. 
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Figure 11: GOI log for Kewarra-1. 
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Note: Depth corrections not applied to cuttings samples. 
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CONCLUSIONS 

 The 1527.0 m sample with a GOI of 3.0% and strong oil shows is moderately good evidence 
for a small palaeo-oil zone at the top Patchawaarra Formation. 

 Loss of oil from the top Patchawarra Formation reservoir is inferred. 

 At the same time fluid inclusions were forming in the 1527.0 m palaeo-oil zone sample, the 
Patchawarra (1545.0 m, 1552.5 m, 1560-63 m and 1563-66 m), Hutton (1467.0 m and 1470-
73 m) and Birkhead (1465.5 m) formation reservoirs were water or gas zone.  

 The lack of quartz cement in the 1457.0 m and 1461.0 m SWC samples from the Birkhead 
Formation limits their interpretation to water or gas zone at the time fluid inclusions were 
formed in fractures. 

 Exposure to oil at higher saturation outside the time intervals for frequent formation of fluid 
inclusions is not evaluated by the GOI technique. 
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APPENDIX A: THE GOI TECHNIQUE, OIL MIGRATION AND FLUID 
HISTORY ANALYSIS 

 

Oil in fluid inclusions offers opportunities to evaluate oil migration through time. Oil migration can be 
investigated by considering the fluid dynamics that control oil flow through rocks and therefore the 
distribution of oil inclusions. 

Oil migrates in a direction of decreasing hydraulic potential (head) and the forces controlling oil flow 
are primarily related to the effects of capillary pressure and buoyancy. 

Capillary Effects 

Capillary force has an effect on the distribution of oil (and oil inclusions in minerals) because reservoir 
rocks and carrier beds are heterogeneous: 

Pc = 2g[
1
rt

 - 
1
rp

] 

 

where g is the surface tension between oil (or gas) and water, rp is the radius of the occupied pore, and 
rt is the radius of the pore throat that must be entered for continued migration. If rt < rp then the 
capillary pressure is positive and the capillary force opposes migration. Interfacial tension, g, is related 
to surface tension, s, which is a function of the curvature on the interface between the fluids (Table 1). 

 

Table 1: Surface and Interfacial tensions for different fluids. 

Fluid Surface tension 
(against air) 

Interfacial tension 
(against water) 

Methane 0 Nm-1 70.10-3 Nm-1 
Light crude 25.10-3 30.10-3 
Heavy crude 35.10-3 15.10-3 

Water 75.10-3 0 
Brine 80.10-3 near 0 

 

An important consequence of capillary pressure is the relative oil saturation that will be achieved 
under conditions of confinement. The distribution of oil inclusions in a thin section of reservoir rock 
indicates which grains have been exposed to oil and can be used to infer the relative saturation of the 
rock with oil. 

Migrating oil entering heterogeneous sand flows preferentially through the largest interconnected 
pores due to capillary pressure. Increasing hydrocarbon pressure due to buoyancy will increase the 
flow rate but is probably not sufficient to overcome high capillary pressures. 
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High oil pressure is required to overcome capillary pressure and allow oil to enter the smaller pores. In 
the presence of an adequate seal, oil will progressively fill smaller pore spaces as the pressure exerted 
by the oil exceeds the capillary pressure of these smaller pores. 

 

Figure 1: High oil saturation achieved in presence of seal (rock scale) 

 

 

Under conditions of high oil saturation, most pores are exposed to oil (Figure 1) and correspondingly 
most grains trap oil inclusions (Figure 2). Because of the capillary effect it can be inferred that there 
was an oil column in the rock to provide the pressure necessary to enter the range of pore spaces. 

 

Figure 2: High GOI values achieved in presence of seal (grain scale) 

oil inclusion
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If there is no barrier to flow then rising hydrocarbon pressure due to buoyancy will result in 
continuous migration of oil, with only a relatively small number of pores being exposed to oil (Figure 
3) and correspondingly only a small number of grains trapping oil inclusions (Figure 4). 

 

Figure 3: Low oil saturation achieved on migration path (rock scale) 

 

 

Figure 4: Low GOI values achieved on migration path (grain scale) 

oil inclusion
 

 

A consequence of capillary pressure is that coarse-grained lenses make the best sampling positions for 
determining hydrocarbon migration history. If hydrocarbons have migrated through the rocks then 
these parts of the rock will be the migration pathway. 
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Buoyancy Effects 

Buoyancy forces arise out of the different density of water and hydrocarbons. Oil and gas have 
different buoyancy forces, however, because the forces act vertically upwards, in a hydrostatic ground-
water regime the migration directions for oil and gas will be the same: following the maximum slope 
on the top of the carrier bed. 

An important consequence of buoyancy for Fluid History Analysis is that oil migrating laterally with 
confinement under a regional seal will leave fluorescing oil inclusions in minerals within a few metres 
below the seal or below the oil-water contact. The observation of oils with the same fluorescence 
colour over hundreds of metres vertical distance below the seal or oil water contact is evidence for 
upwards migration of oil in faults or stacked sand bodies. 

By sampling directly beneath the regional seal or oil water contact and at several intervals well below 
the regional seal the likelihood of lateral vs. upwards migration can be evaluated. 
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