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ABSTRACT  
There are several organic-rich shale formations in the 

Perth Basin. They have been source rocks for oil and 

gas fields and have been investigated as a potential 

shale gas in this study. Organic geochemical analysis 

data, such as total organic carbon and Rock-Eval 

pyrolysis data plus burial history modeling were 

applied to evaluate one of the shale formations in the 

Perth Basin.  

A trend of increasing maturity from north to central 

part of the basin could be seen, favoring the 

occurrence of gas shale near the basin center. The 

shale interval has reached a thermal maturity, the 

organic matter is a mixed Type II/III kerogen, and 

formation thickness, on average 189.31 m, are 

effective factors for gas shale potential.  

  

 

INTRODUCTION  
Perth basin in Western Australia (Fig. 1) with 

having extensive black marine shale can represent 

potential shale gas.  

 In the northern Perth Basin, the most important 

depocentre adjacent to the Darling Fault is the 

Dandaragan Trough. Up to 15 000 m of Silurian to 

Cretaceous sediments were deposited in this half-

graben in response to rifting, which began in the 

Early Permian and culminated in the final separation 

of India and Australia in the Neocomian. To the 

west, the Dandaragan Trough is flanked by series of 

north-south trending detachment faults and a ridge 

of relatively shallow basement (Beagle Ridge). The 

These The Perth Basin has been subdivided into 

northern, central, and southern parts (Iasky, 1993; 

Mory and Iasky, 1996); a western part has also been 

introduced by Stein et al. (1989).  

 
Figure 1. Location of the studied region in Western Australia 

(Modified from Cadman et al., 1994). 
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Sedimentary basins can be regarded as large-

scale reactors in which a great number of important 

reactions take place such as the generation of natural 

gas and oil that depended on burial and thermal 

history (Littke et al., 2011). In this paper, which is 

based on both geochemical analyses and thermal 

history modeling, we evaluate burial and thermal 

history properties of one of the potential shale gas in 

this basin. 

 

ANALYSIS AND MODELLING 
Potential Shale Gas Richness 

Richness of potential shale gas is estimated by 

using the total organic carbon content (TOC). TOC 

values between 0.5 and 0.1 wt% indicate a fair 

generative potential, TOC values from 1.0 to 2.0 wt% 

show that good generative potential and values 

greater than 2.0 wt% refer to a very good generative 

shale (Maky and Ramadan, 2008). Most of the 

studied samples reveal mainly very good source, 

associated with some good and fair quality shale 

(Fig. 2).  

 
Figure 2. Organic carbon richness (TOC) of the potential shale 

gas samples in the studied wells for determining types of 

potential shale gas for production in studied wells. 

 

Organic Matter Types 

One of the important factors in evaluating shale 

gas potential and hydrocarbon productions is organic 

matter type (Barker, 1996). For a mature source rock, 

Hydrogen Index (HI = 100 x S2/TOC in milligrams 

hydrocarbon per gram of TOC) for gas prone organic 

matter is less than 150, gas-oil-prone organic matter 

is ranged between 150-300 and oil-prone organic 

matter is more than 300 (Maky and Ramadan, 

2008). The plotting of hydrogen index (HI) versus 

Tmax on a modified Van Krevelen diagram shown 

in Figure 5 for the studied shale gas in Perth basin 

shows that, target shale contains mixed kerogen 

types II-III.  

 

Shales Thermal Maturity 

Vitrinite reflectance could be used as indicator of 

the thermal maturity of kerogen (Hunt, 1996). Rock-

Eval Tmax also is a good maturation indicator that 

depends on the type of organic matter from which 

they derived (Maky and Ramadan, 2008). Thermal 

maturity of the studied samples, estimated from 

vitrinite reflectance measurement, ranges from 0.56 

– 1.9% Ro (Fig. 3). This indicates that target shale 

has entered into gas generation window in some 

areas. The Tmax data from the studied wells in 

central part of the basin are present in mature stage 

(Fig .4).  

 
Figure 3. Thermal maturation indicators as vintrinite reflection 

(Ro%) of the potential shale gas Formation. 
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Figure 4. Thermal maturation indicators as Tmax of the potential 

shale gas in studied wells. 

 

 

RESULTS AND DISCUSSION 
 

The organic carbon contents in 32 wells are 

ranged between 0.66 and 14.15 wt%.  

Most of the studied samples derived from wells are 

mainly composed of vitrinite also with inertinite and 

exinite macerals in some wells, as their HI are <150. 

This reflects gas producing organic matter, in 

combination with gas and oil producing macerals of 

HI <300. Percentage of type II kerogen was 

determined by the relationship between HI and 

Tmax, that shows less than 20 percentage of type II 

kerogen in some samples, which indicate the 

capability of these shales to produce oil associated 

with gases from the type III kerogen. Van Kerevelan 

diagram show that some wells such as Woodada 5 

and 6 reached into gas generation stage and contain 

type III kerogen.  

Based on the maturity profile in the burial history 

curves (Fig.5), most of the wells are placed in gas 

generation zone for studied potential shale gas.  

Burial history reconstruction for the Perth basin 

suggests that steady subsidence and 

sedimentation took place through much of the 

Mesozoic.  

In the studied wells burial history show that 

steady subsidence with deposition of strata. 

Different events as disconformity and 

unconformity could see in the strata forming. 

From Permian to Cretaceous and in following to 

Quaternary present different unconformity and 

disconformity such as unconformities in early 

Permian to late Permian, also middle Triassic to 

upper Triassic and lower Cretaceous to 

Quaternary in Yardarino 1 (Fig. 5) and 

disconformity in upper Permian to lower 

Triassic in Mungarra 5. These unconformities 

and disconformities could be result of different 

stages of rifting in Perth Basin.  

 
Figure 5. Burial History Curve in association with maturation 

stages in sample well from the studied location in Perth Basin. 

 

Thermal modeling (Fig. 6) show that event of 

uplifting in late of Jurassic to early Cretaceous 

as final separation of continents from result of 

final stages of rifting. Thermal history (Fig. 6) 

shows a constant palaeo-temperature gradient 

before breakup.  
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Figure 6. Thermal history of the potential shale gas Formation 

for sample well in Perth Basin. 

 

At breakup a geothermal pulse was introduced to 

allow for higher gradients near spreading ridges 

(Mory and Iasky, 1996), and lower gradient in 

distal of it in result of uplifting and thereafter it 

was assumed that temperature gradients would 

quickly drop to no lower than present gradients.  

The estimated Ro profile derived from the burial 

history models appears to correspond closely to 

the measured vitrinite reflectance profile. Timing 

for the start of oil generation occurred within a 

relatively narrow range, from 10 to 200 Ma. In 

the deep parts of the province, the generation of 

gas from the cracking of oil began at about 180 

Ma and also start of gas generation occurred 

from 10 to 180 Ma. 

 

 

CONCLUSIONS 
 

Rock Eval data for all of the samples show that 

with exception of the some wells which fall into the 

immature situation, the rest of the samples analyzed 

are in oil and gas generation. Reviewing the results 

of Rock-Eval analyses, TTI and Ro appear that 

central part of the Perth basin reaching into gas 

window and have a potential for shale gas resources.  
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