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Submission to Independent Scientific Panel Inquiry into Hydraulic Fracture 

Stimulation in Western Australia 2017 

  

 

Absence of earthquake data from fracking in WA creates an unknown hazard 

 

Introduction 

 

Recordings of earthquakes over the last century have shown that mining is just one of many 

industrial activities that can induce large enough events to cause significant damage and 

death. Filling of water reservoirs behind dams, extraction of oil and gas, and geothermal 

energy production are examples of other industrial activities that have shown to induce 

earthquakes in various parts of the world.  

 

In Western Australia, there is some historical evidence of induced seismicity following the 

establishment of mines and dams (see for eg Kalgoorlie Gold Mine, the Ord-River Dam). 

However, in the main, it has not been well documented, due to the fact that 

instrumentation was not installed prior to the commencement of the construction of 

production infrastructure. Clearly, this is critical gap, in terms of making definitive 

statements about whether there was a significant increase in the background seismicity that 

could have been attributed to operations. 

 

Mundaring Geophysical Observatory (MGO) was the administrative centre for Western 

Australia’s state branch of Geoscience Australia’s seismic network until April, 2000. From its 

inception in 1959, there has been an ongoing recording of natural earthquakes and mining 

activities in the state. Administration of the state seismograph network was then handed 

over to Geoscience Australia’s headquarters in Canberra.  

To properly consider the potential threat from induced earthquakes from the extraction of 

natural gas or oil from the Western Australian sedimentary basins, a short history of what 

causes the natural earthquakes in the state and a brief survey of current data collection in 

international aggregations and in particular areas and contexts in WA will be surveyed here 

for context.  
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Australian earthquakes 

Sykes L.R. (1978) postulated that one of the major causes of intraplate seismicity (those that 

occur within the interior of a tectonic plate; the most common kind in Australia), was 

reactivation of pre-existing faults, or zones of weakness. Because there are a multitude of 

these hidden in our ancient lithosphere, it is impossible to predict where they may strike 

next.  

However, important simple facts that have been learnt since then Sykes’ paper was 

published. We now know that our whole continent is being pushed north and east from the 

pressure built up from the new crust forming in the mid-ocean ridges to the south (The 

Southern Ocean) and west (The Indian Ocean). 

This creates a compressive stress regime throughout most of the continent, which is why a 

complex of thrust faults (when one side rises up one over the other) and strike-slip faults 

(sliding past sideways) invariably occur. 

Sykes’ hypothesis is supported by paleoseismic investigations of Crone and others (1997). 

They said that faults in Australia have a long term behaviour which is characterised by 

episodes of activity, separated by quiescent intervals of between 10,000-100,000 years.  

Although intraplate seismicity is at a lower order of magnitude than that at the edges of the 

world tectonic plates (Called interplate), the seismic hazard is still significant. 

Figure 1: Known M>4 Earthquake Epicentres in Australia (Compiled by Queensland University 

in about year 2000) 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjk7Nbd5I3ZAhUQOrwKHabnCmcQjRwIBw&url=http://www.quakes.uq.edu.au/quakeinfo.html&psig=AOvVaw3DRSGwcm3dULRmZ2bd76BC&ust=1517881426851947
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Even a cursory look at the scatter of epicentres in Fig 1, reveals that moderate to major 

events can occur almost anywhere in and around the continent. This scattered effect is one 

of the characteristics of intraplate seismicity. It also shows that most of the Australian plate/ 

crust is under stress. 

Furthermore, it is important to understand that this type of seismicity is invariably shallow 

(i.e. in the top half of the crust; usually < 20 km). In addition, mountainous regions, like 

along the Eastern Highlands and the Flinders Ranges are located in places where seismic 

thrusting has been, and is occurring at a rate faster than erosion.    

 

Earthquake Monitoring in WA 

The Mundaring Geophysical Observatory (MGO) was an operating seismic, geomagnetic and 

ionospheric observatory which opened in 1959 and closed in 2000. It was a very timely 

innovation by the Australian Bureau of Mineral Resources (BMR: as Geoscience Australia 

was called then), because the Major Meckering Earthquake occurred within the first decade 

of the installation of the first stations (14/10/1968). 

Figure 2: the Western Australian network 

operating between 1962 and 1984. 

Station Codes: MUN- Mundaring; NWAO- 

Narrogin; RKG- Rocky Gully; KLB-Kellerberrin; 

KLG- Kalgoorlie; BAL-Ballidu; MRWA- 

Morawa; MEK- Meekatharra; WBN- 

Warburton; NAU-Nanutarra; MBL-Marble 

Bar; KNA-Kununurra.   
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Ideally, the over-riding principle of setting up a network is to locate instruments so that all 

regions are covered. However, this also depends on available infrastructure at each chosen 

location (power, telephone coverage etc). The greater concentration of seismographs in the 

southwest of WA is biased towards the population density, infrastructure and seismicity 

level. The Southwest Seismic Zone (SWSZ) is one of Australia’s most intense sources of 

earthquakes. 

Since 2000, GA has taken over the administration of the MGO seismograph network in 

Western Australia. Telemetry technology, along with conversion from analogue to digital 

recording had improved sufficiently for this to occur. However, cost-cutting exercises like 

this have their downsides. Because the staff at MGO were more familiar with the character 

of each seismic source within the state, this advantage was lost when the data collection 

tasks were sent to head office.  

The updated version of Fig 2 for the entire Australian continent can be found at: 

http://earthquakes.mappage.net.au/n.htm. Different colours in the figure indicate a 

different network administration (for eg pink means ANU schools’ stations). The official site 

for GA’s Australian National Seismograph Network (ANSN) is found at: 

https://www.fdsn.org/networks/detail/AU/ 

As this submission is focussed on the potential seismic effects of fracking, earthquake 

hazard itself is considered beyond the scope of this work. Consequently, it is suggested that 

those who need more information on this topic should search the GA website at:   

https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=

8&ved=0ahUKEwiCg87v7I_ZAhVGUbwKHaOtBQkQFggvMAE&url=https%3A%2F%2Fdata.gov

.au%2Fdataset%2Fthe-2012-australian-earthquake-hazard-

map&usg=AOvVaw2bU77YlXYY60ewjyaHameI 

and follow the hyperlink to download the map: 

 https://data.gov.au/dataset/the-2012-australian-earthquake-hazard-

map/resource/208b62c9-2dda-4e72-8c74-8ce7b0a833a2   

 

The Foulger Review  

A key reference in this submission on induced seismicity is the milestone research paper: A 

Global Review of Human-Induced Earthquakes by Folger et al, 2016. 

This treatise on the subject is readily available online at the following address:  

 

http://earthquakes.mappage.net.au/n.htm
https://www.fdsn.org/networks/detail/AU/
https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiCg87v7I_ZAhVGUbwKHaOtBQkQFggvMAE&url=https%3A%2F%2Fdata.gov.au%2Fdataset%2Fthe-2012-australian-earthquake-hazard-map&usg=AOvVaw2bU77YlXYY60ewjyaHameI
https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiCg87v7I_ZAhVGUbwKHaOtBQkQFggvMAE&url=https%3A%2F%2Fdata.gov.au%2Fdataset%2Fthe-2012-australian-earthquake-hazard-map&usg=AOvVaw2bU77YlXYY60ewjyaHameI
https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiCg87v7I_ZAhVGUbwKHaOtBQkQFggvMAE&url=https%3A%2F%2Fdata.gov.au%2Fdataset%2Fthe-2012-australian-earthquake-hazard-map&usg=AOvVaw2bU77YlXYY60ewjyaHameI
https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiCg87v7I_ZAhVGUbwKHaOtBQkQFggvMAE&url=https%3A%2F%2Fdata.gov.au%2Fdataset%2Fthe-2012-australian-earthquake-hazard-map&usg=AOvVaw2bU77YlXYY60ewjyaHameI
https://data.gov.au/dataset/the-2012-australian-earthquake-hazard-map/resource/208b62c9-2dda-4e72-8c74-8ce7b0a833a2
https://data.gov.au/dataset/the-2012-australian-earthquake-hazard-map/resource/208b62c9-2dda-4e72-8c74-8ce7b0a833a2
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http://community.dur.ac.uk/g.r.foulger/Offprints/HumanInducedEarthquakes_ESR_submitt

ed.pdf 

 

Throughout this submission, I will be referring to various sections, figures and tables from 

this report. These will be referenced as (Foulger et al, 2016)  

 

Foulger et al’s paper published by, Earth-Science Review.  The published version is entitled: 

Global review of human-induced earthquakes and 

 is found at:  

 

https://ac.els-cdn.com/S001282521730003X/1-s2.0-S001282521730003X-

main.pdf?_tid=e7ceac50-0c74-11e8-9adf-

00000aab0f6b&acdnat=1518055868_6fb5f122d0f22190c974fb3dca303755 

 

I will refer to this paper as Foulger et al (2017).  

 

 

The HiQuake Aggregation 

A new world database of known historical or currently operating sites of induced 

earthquakes has been uploaded by Foulger et al (2016) onto the following website: 

 

http://inducedearthquakes.org/  (known as HiQuake) 

 

HiQuake contains 754 examples of earthquakes (or sequences of earthquakes) that may 

have been set off by humans over the past 149 years. Most of them were small, between 

magnitudes 3 and 4. But the list also includes several large, destructive earthquakes, such as 

the magnitude 7.8 quake in Nepal in April 2015, which one paper linked to groundwater 

pumping. 

 

This database includes the following identifiers/ headings:  

 

Country  

Earthquake Cause  

Project Name  

Dates of Commencement and closure  

Locations (lat/long) 

Seismicity Start Date  

Time Lapse since Commencement  

Number of Earthquakes 

Observed Max Magnitude  

Depth of Mmax and Date 

Distance from Mmax to Project  

Notes  

References 

Max distance of events to Project 

Lithology  

Tectonic Setting  

Depth of most Seismicity  

Depth of Project  

http://community.dur.ac.uk/g.r.foulger/Offprints/HumanInducedEarthquakes_ESR_submitted.pdf
http://community.dur.ac.uk/g.r.foulger/Offprints/HumanInducedEarthquakes_ESR_submitted.pdf
https://ac.els-cdn.com/S001282521730003X/1-s2.0-S001282521730003X-main.pdf?_tid=e7ceac50-0c74-11e8-9adf-00000aab0f6b&acdnat=1518055868_6fb5f122d0f22190c974fb3dca303755
https://ac.els-cdn.com/S001282521730003X/1-s2.0-S001282521730003X-main.pdf?_tid=e7ceac50-0c74-11e8-9adf-00000aab0f6b&acdnat=1518055868_6fb5f122d0f22190c974fb3dca303755
https://ac.els-cdn.com/S001282521730003X/1-s2.0-S001282521730003X-main.pdf?_tid=e7ceac50-0c74-11e8-9adf-00000aab0f6b&acdnat=1518055868_6fb5f122d0f22190c974fb3dca303755
http://inducedearthquakes.org/
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Notable Previous Earthquakes 

Area 

Max injection/ Extraction Rates  

Total Volume/ Mass   

Max Injection Pressure 

Change in Reservoir Pressure 

Stress Change 

Bottom Hole Temp

The following list shows the causes of induced seismicity in order of importance: 

 

• Mining accounts for 37% 

• Water reservoir impoundment 22% 

• Conventional Oil and Gas 14% 

• Geothermal 8% 

• Fracking 6% 

• Waste fluid disposal 5% 

• Nuclear explosions 3% 

• Unspecified Oil and Gas/Waste fluid disposal 2% 

• Research 2% 

• Groundwater extraction 1% 

• Deep penetrating bombs 0.5% 

• Construction 0.3% 

• CCS 0.3%  

• Coal Bed Methane (CBM) 0.1% 
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Figure 3: Source distribution of Induced earthquakes worldwide (After Foulger, 2016) 

 

 
 

 

As an example of how mining is a major contributor to the above distribution, the figure 

below shows how seismicity was correlated with coal mining in Wales. Note the drop in 

seismicity during the coal-mining strike of 1984.  

 

 
 

Figure 4: No. events vs year at a Wales coalmine (After Foulger et al, 2017) 
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Maximum Magnitude  

 

Foulger et al (2016) plotted a Magnitude-Frequency distribution of all events in their 

HiQuake catalogue. Otherwise a simpler plot can be found at the following website:- 

 

http://community.dur.ac.uk/g.r.foulger/Offprints/HumanInducedEarthquakes_ESR_submitt

ed.pdf. 

 

 

 

Figure 5: Magnitude distribution of “induced” earthquakes (After Foulger et al, 2016) 

 

The following conclusions can be drawn from Fig 5: - 

 

1) Most of the events were from mining activity (red); followed by Water impoundment 

(blue); 

 

2) This in itself means that the larger the impacted source area, the larger are the event 

magnitudes we can expect (See Fig 6). 

 

http://community.dur.ac.uk/g.r.foulger/Offprints/HumanInducedEarthquakes_ESR_submitted.pdf
http://community.dur.ac.uk/g.r.foulger/Offprints/HumanInducedEarthquakes_ESR_submitted.pdf
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Figure 6: Histogram of MMAX for different categories of project (Foulger et al, 2016) 

 

3) A great majority of recorded events were from the Magnitude Range 1<M<6;  

 

4) The dramatic decrease in events below about M3 is most likely due to the low 

sensitivity of the recording seismic arrays. In natural earthquakes, this relationship is 

normally of the Gutenberg-Richter form of Log N = A – bML, where N is the number 

of events at, or above (Richter) magnitude, ML, and A and b are constants. 

 

5) This means we are neglecting to collect a larger and critical volume of data of lower 

magnitude that would provide researchers of induced seismicity, which could 

provide much more information in the search for explanatory models. 

 

6) It is only with such data and research can we ever expect to, not just understand the 

dynamics of the stressed crust, but eventually, be able to have a measure of control 

over it. At present, it is a “trial-and-error” approach that is used.  For the safety of 

people, infrastructure and the environment, this primary data collection is a first 

necessary step for the industry to be fully responsible to all. 
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Of course, other environmental costs (eg managing water supply, pollution of groundwater, 

increasing greenhouse gases to the atmosphere etc) will also have to be included in this 

difficult balancing act!  

 

 

“Major” Induced Events (Meaning M>6.9)  

 

Events in Foulger’s et al (2016) world database (Or, HiQuake, is attached as “Induced 

Earthquakes.xlsx”), and include the following events: - 

 

1) Event 589 had a measured magnitude of M7.9 and occurred in China in 2008. There 

is an article in National Geographic in October 2017 that describes its effects: - 

 

In 2008, an estimated 80,000 people died or went missing following a 7.9 earthquake in 

China's Sichuan province. Scientists believe it was triggered by the weight of 320 million 

tons of water that had been collected in the Zipingpu Reservoir—over a well-known fault 

line. See the following link for details: -  

https://news.nationalgeographic.com/2017/10/human-induced-earthquakes-fracking-

mining-video-spd/ 

 

2) In Uzbekistan where 3 events of M>or=7, occurred between 1976 and 1984 at a gas 

extraction and storage site (See event 7 in Induced Earthquakes.xlsx”. 

 

3) In the USA an M7.1 occurred in Montana in 1959, after the reservoir had been built 

in 1915. This event has an estimated depth of 20 km (Event 590 in HiQuake). 

 

NB: Because there is a plausible explanatory mechanism for these to be deemed 

induced (see Foulger et al, 2017), these major events should not be excluded from 

being caused by man. (See references like Plotnikova et al, 1996 and Simpson and 

Leith, 1985) 

 

 

Other international examples of induced seismicity: 

 

1) Urbancic and Young (1993) researched the source parameters including Total seismic 

energy, seismic moment, static stress drop and apparent stress, of 85 Mining-

Induced Microseismic Events with Moment Magnitudes, M<0, and within 90 m 

ahead of an excavation in the Strathcona Mine, Sudbury, Ontario.  

 

2) This data showed that there was a general increase in the values of each of the 

above source parameters over the duration of the excavation. This suggests that 

http://www.nytimes.com/2009/02/06/world/asia/06quake.html?pagewanted=all&mcubz=3
http://www.nytimes.com/2009/02/06/world/asia/06quake.html?pagewanted=all&mcubz=3
https://news.nationalgeographic.com/2017/10/human-induced-earthquakes-fracking-mining-video-spd/
https://news.nationalgeographic.com/2017/10/human-induced-earthquakes-fracking-mining-video-spd/
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stress levels were increasing as a result of the excavation geometry and procedure. 

This was considered to be significant as rockbursts of magnitude (1.8<Mn<2.7) 

occurred above the study area 6 months following the completion of the excavation. 

 

3) A magnitude ML6.6 occurred 10 km beneath a geothermal plant in Mexico, on the 

15th Oct. 1979. 

 

4) On the 3rd of September, 2016, wastewater injection at Pawnee, Oklahoma, caused 

the largest and most damaging earthquake of MW5.8.  

 

5) Fracking, with injection, caused a MW 4.67 earthquake on the Shangluo site in China, 

on28th January, 2017. This was part of a series that started in Dec 2014 (See event 

119 in main database). 

 

6) On 4th August, 2014, fracking/ Injection were confirmed as the cause of a Canadian 

earthquake of magnitude MW4.4 in Northern Montney, British Columbia. After this 

quake, Progress Energy was ordered to reduce the amount of fluid it was using in the 

process, and has complied, said The British Columbia Oil and Gas Commission. 

 

Australian data on induced seismicity 

 

It is important to be aware that although there are only 24 listed projects for all of Australia 

(See worksheet labelled “Australia”, on the HiQuake database), each individual project 

potentially has many known (and unknown) events that were caused by the project. For eg. 

at Innamincka, in South Australia, where the known database is over 30,000 strong and 

whose magnitudes varied between 1.6<ML<3.8. Four such projects of this subset are listed 

as Geothermal Test Sites (See Section on the Cooper Basin, p22 for more details) 

 

The largest recorded event in the Australian subset of HiQuake is listed as ML5.6 and was 

caused by “Mining”. This event is otherwise known as “The Newcastle Earthquake of 1989, 

which was responsible for 13 deaths when major infrastructure collapsed in the city (this is 

discussed in more detail on p24). 

 

The next group of events in this part of the database is associated with large Australian 

dams, including the Warragamba (MLmax = 5.5), Thompson and Eucumbene (MLmax = 5.0), 

Blowering and Talbingo (MLmax = 3.5) and Gordon River (MLmax unknown). 

 

Costain and others (1987) hypothesised about how impounding water, or injecting it into 

the subterranean formations, is likely to increase the interstitial pore pressure, which in turn 

can lead to a triggering effect of an earthquake. This outcome also depends on whether the 

local faults are highly stressed and ideally oriented for a displacement to take place. 
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It should be noted that fluid injection is likely to be at pressures of hundreds of bars, 

compared with about 0.1 bar extra pore pressure introduced in the sub-stratum by dams. 

It is also important that users of the HiQuake database be aware that it is a “work in 

progress” and is therefore incomplete. This is acknowledged by the authors (Durham 

University). It would have been a mammoth task, and is a wonderful achievement, getting 

thus far. Clearly though, it needs an increased effort of international cooperation for it to be 

truly representative of a world database of all known induced events, or potentially induced 

seismicity.  

 

As a result of action taken by the author and Seismologist Mr Colin Lynam, of University of 

Queensland, some of the Innamincka induced seismicity, in the Cooper Basin, is currently 

being updated onto the HiQuake database, 

 

One of the key purposes of this submission is to point out the significance of the new data 

set at HiQuake and to promote the ongoing possibilities from the work of collating more 

data. To do this it is imperitive that we ask representatives of Australian Governments to 

participate in this work by organising our own data to be uploaded to it and financially 

supporting it. It is clear that without a better and more dedicated data set, we cannot fully 

understand or analyse potential issues from induced seisimicity via hydraulic fracking. What 

follows is that it is impossible to mitigate against the hazards associated with all forms of 

induced earthquakes if the added risk is not quantified.  

 

Furthermore, I am aware that there is still a lot of unreported data on archived analogue 

and digital records at GA. I therefore recommend that GA make these seismograms 

available so that they can be searched by qualified personnel. Clearly, not all seismograms 

would need to be examined, but only those from regions of known potential sources (dams, 

mining sites, historical or present, fracking etc).  

 

For example, Ord-River Dam seismicity, which followed the filling of the dam, and the 

Kalgoorlie mining-induced events (both in Western Australia) have both lacked proper 

collection of data. These are just two of the sources (known by the author) of the many 

potential sites, both within the state and elsewhere, where there have been countless 

mining and other activities which have been hitherto largely ignored.  

 

From my own experience, when I was working at MGO, the GA policy at that time, was to 

concentrate our resources establishing a database of “natural earthquakes” and to exclude 

most of the induced events and mining blasts. Unfortunately, important data was not 

collected and considered at this time induced seismicity was regarded as ‘background 

noise’. 
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The Ord River Dam 

 

Gregson (1994) carried out a study of the seismicity associated with the Ord-River Dam. In 

this report he made the following points: - 

 

1. The majority of Australian earthquakes fall within seismic zones defined by 

Gaull and others (1990) 

2.  The dam is located on the eastern arm of the Hall’s Creek Mobile Belt 

(HCMB) 

3. The HCMB is bound by two major faults; Halls Creek Fault in the east and the 

Greenvale-Liamma Fault in the west; both trending about 200 degrees 

4. The belt is cut by other major faults of similar size to the bounding faults 

5. These faults have a long history of complex periodic movement, intensity of 

movement and associated shearing, which has a tendency to decrease with 

the age of the rocks affected 

6. The Halls Creek Fault can be traced for many hundred kilometres 

7. Its shear zone is 400 m wide and dips steeply to the east and west 

8. In the Argyle Downs area, the movement is restricted to several faults in a 

zone up to 6 km wide 

9. Observed vertical displacements are invariably east block down, but reversals 

have occurred during the fault’s long history 

 

NB: Argyle Downs’s station is located about 120 kilometres southeast of Kununurra, in the 

catchment area of the dam and close to some of the recent seismicity. 

 

The Ord River Dam was not built until 1972, although a smaller dam, The Kununurra 

Diversion Dam was finished, downstream, by the wet season of 1962-3. A single component 

seismograph was installed in Kununurra in March 1967 by the Water Authority of WA 

(WAWA), but it wasn’t until 1970 that routine reporting commenced. Even then, locations of 

events were not possible with only one component. This shortcoming was corrected when a 

3-component system was installed in early 1972. 

 

As a result of this installation together with an improving seismic network in the state, many 

events in the Lake Argyle Region have been located and whose epicentres are seen in the 

Figure 6. There are 84 events listed in Gregson (1994) over the period from 1963-1994.  

 

What has been written of the seismicity, to date, is that: 

 

• Lake Argyle lies in Source Zone 14 of Gaull et al’s (1990) configuration. Only 

one known earthquake (27th August, 1963) occurred in the vicinity prior to 
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the seismograph installation at Kununurra. It was large enough (ML4.7) to be 

located by more-distant recorders, but as a consequence, will not be a very 

accurate hypocentre 

•  There is a concentration of epicentres in the vicinity of the southern end of 

Lake Argyle (See Figure 7) 

 

Figure 7: Epicentres of earthquakes in the Lake Argyle region (After Gregson, 1994) 
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• The author plotted a histogram of annual numbers of Lake Argyle events that 

occurred between 1960 to1993 (Reproduced in Fig 8a). 

 

Figure 8a: Event number from 1960-1993 at Lake Argyle  

 

 
 

• The jump in activity is noticeable after the dam filled in 1973 (Fig 8b).    

 

Figure 8b: Water Level over time at Lake Argyle 

 

 
 

• But, as Gregson (1994) said, was this jump attributed to the filling of the dam, 

or the improved capability of the seismograph installed in Kununurra? 

•  Gregson then plotted the magnitude-frequency relationship for the subset of 

events in the square earth degree below Lake Argyle (reproduced in Fig 9).  
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Figure 9: Magnitude Frequency Distribution at Lake Argyle 

 

 

 

• He then determined the mathematical relation between frequency and 

magnitude and is expressed as Log N = 1.74 – 0.68ML for the defined Lake 

Argyle region (See Fig 9). This means a ML4, or more, earthquakes can be 

expected about every 10 years.  

 

As a consultant in 1999, I updated the above histogram of event frequency at Lake Argyle 

and it is presented below: 

 

Figure 10: Update of Gregson (1994) plot of event frequency at Lake Argyle, (After Gaull, 

1999) 

 

 



Brian Gaull, 2018 

 

17 

 

My comment in the report from which this graph was taken, follows: 

… Even with five extra years of data, a definitive conclusion relating to the reason for the 

apparent increase in seismicity coinciding with the filling of the dam is still unclear …  

 

However, as this work was completed in 1999, this means there is another 18 years of data 

available since then. Unfortunately, a further analysis of the gaps in this research would 

entail more time than is currently available before the deadline for the submission, however 

there is scope to find out more about the seismicity in this area. 

 

 

Kalgoorlie Mining 
 

Kalgoorlie has suffered from induced and natural seismicity, working in unison, to produce 

many earthquakes over historical time. To illustrate this, I have plotted the following figure 

which shows how the city was peppered with events between 1991 and 2010.  

 

Figure 11: Seismicity within 30 km of Kalgoorlie from 1991-2010 

 

 
 

 

Cichowicz (1993) states that seismic events are the major underground hazard in  

deep mines, as major faults, dykes and pillars become seismically active once mining  
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operations reach a few hundred metres of these pre-existing structures (or planes of  

weakness). He said the magnitude of the largest events is related to the length of  

the geological structure.  

 

In the Mt Charlotte Mine, we have all these pre-requisites for such seismicity,  

and indeed we know that the geological structures are moving. For more details on this  

interaction at the mine, see Lee et al (1990). 

 

In 1993 I had communication with the Rock-Mechanics Engineer, Mr Peter Mikula, 

at Kalgoorlie Consolidated Gold Mine (K.C.G.M), who told me his installed  

extensiometers showed such movement. At that time he also ran a triaxial seismic  

array at ten sites in the mine, which could pinpoint rockbursts down to 10 metres.  

 

But, the culmination of the 20-year period shown in Fig11 was the damaging ML5.0  

earthquake of 20th April, 2010. It removed any doubt that mining-induced  

earthquakes in Kalgoorlie were potentially dangerous (See Edwards et al, 2010).  

This paper also emphasises how the old housing stock (built before the First World  

War), is extremely vulnerable to earthquake damage.  

 

Despite this, the people of this city were very lucky, as it took place early in the day:   

 

“Given the widespread loss of masonry chimneys and parapets, more injuries and some  

fatalities might have been expected. The timing of the event of 8.17am was fortunate in  

that falling masonry in Boulder would have landed on school children if the earthquake  

had occurred just 15 minutes later. As it was, there were only minor injuries”. 

 

Finally, to peruse through the historical listing in the attached spreadsheet below,  

we soon learn that serious events weren’t just in the recent past:-  

 

Table 1: Historical Events in the Kalgoorlie Mining Region  

   
Date Location Effects 

11/12/1916 Kalgoorlie Falls and Rock Explosion 

          

28/08/1917 Kalgoorlie Also Boulder; fall of rock at the 2250 ft level; 1000 tons of rock fell; 1 man killed, several injured 

21/09/1917 Kalgoorlie Rumbling 

25/06/1940 Kalgoorlie & Boulder Light fittings shaken/ swinging on ceiling 

18/09/1949 Boulder Houses shaken 

08/12/1951 Kalgoorlie Plaster cracked, windows broken 

28/01/1952 Kalgoorlie Rattled windows, dislodged loose objects; May have been on 21st of January. 

26/03/1952 Kalgoorlie Buildings rocked but no damage 

13/09/1961 In Mine Damage 2350 ft level; miner injured 

23/02/1964 Kalgoorlie Recorded Mundaring Observatory   
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09/03/1964 Kalgoorlie Recorded Mundaring Observatory; Rock-falls; miner killed ML 3.9 

10/03/1964 Kalgoorlie Moderate tremor 

16/01/1969 Kalgoorlie MINER KILLED; damage at 2720 stope. 

08/02/1983 Kalgoorlie Mine collapse ML2.5 

26/02/1983 Kalgoorlie Mine Blast ML2.5 

02/05/1987 Kalgoorlie-Boulder Minor rock falls and damage in mines ML3.5; MM5 at surface 

09/10/1987 Coolgardie Centred 10 km East of Coolgardie. Thought to be a natural earthquake. 

  Felt strongly in COO,-BOU ML4.5 

09/03/1991 Kalgoorlie & Boulder Rock-fall off hanging wall; blocked 6 levels below 500 m. $100000 drill rig lost; 

   ML4.2; 3rd noticeable tremor this year; few men below at time … lucky. 
 

 

References used in collating Table 1:  

 
 

1) Everingham I.B. (1968)  

2) Kalgoorlie Miner May 5 1987 

3) Sunday Times March 17, 1991. 

 

 

Monitoring events in Kalgoorlie-Boulder present and future 

  

In addition to the Geoscience Australia network, most of the mines in the Eastern Goldfields 

of Western Australia have their own seismic monitoring networks, which have been designed 

to detect mining induced seismicity and hence regions susceptible to failure, rock bursts etc 

(See Fig.12, below).  

 

These networks have been established by the Australian Centre for Geomechanics (ACG). 

Seismic data are continuously recorded and are available to authorised users via the Internet 

(See Fig.12, below). 
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Figure 12: The seismic network, (both installed and proposed) in this region 
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Figure 13: The instruments used, and typical seismic traces produced 

 

 

 
 

 

This sort of information has been provided to enable the Panel to understand what needs to 

be done to better define the exact foci of mine or any other induced seismicity. It is only with 

such arrays that this can be achieved. This is not only important for the safety of miners, on-

site workers and civilians living nearby, but has other flow-on effects with regard to the future 

understanding of the complex interplay between the key parameters involved: insitu stress, 

the faults and the changes induced by mining.  

 

A lot of the information in the remainder of this section, has been obtained from Dr Michael 

Dentith from UWA (pers. comm.) and explores some of the key questions that still need to be 

addressed, both in the eastern goldfields and more generally where exploitation of natural 

resources are planned:  

 

It has been postulated that natural seismicity occurs on major fault structures in the region. 

The major gold deposits in the eastern goldfields occur close to these structures, which 

probably acted as conduits for mineralising fluids. The hypothesis of a relationship between 

known faults and modern earthquakes has not been established, because, to accurately 

locate event foci requires an adequate understanding of seismic velocity variations in the 

region. Thus, the tomographically derived velocity volume will enable the seismicity to be 

accurately located, and hence its origin understood.  

 

If natural seismicity does occur on the known faults, it adds credence to an observation that 

it acts as a trigger for mining induced seismicity. A dataset of accurately located natural and 
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mining induced seismic events will enable this hypothesis to be tested; with obvious 

implications for mine safety. 

 

The possible association of known faults and seismicity is also of economic significance. The 

current far-field stress field is one with an east-west oriented maximum principal stress. This 

is the same stress regime which is thought, based on geological studies, to have existed when 

the gold mineralisation was created. Since the gold mineralising event is known to be late in 

the tectonic history of the region, the geometry of structures is likely to have been similar to 

that seen today. Thus, the pattern of current seismicity may contain clues regarding the 

formation and location of gold mineralisation. The above is highly speculative but creates the 

intriguing possibility of a unique insight into the formation of the local gold deposits.  

 

 

Cooper Basin (Northeast South Australia) 

 

The Japanese More Than Cloud (MTC) team conducted microseismic monitoring and on site 

mapping during the large scale hydraulic injection in November and December, 2003, in 

corporation with the Geodynamics HDR project in the Cooper Basin, South Australia (See 

Soma et al, 2003). More than 11,000 events were successfully located by the onsite 

mapping, and the developed reservoir shows a sub-horizontal planar structure as expected 

from the known stress regime. 

 

Enhanced Geothermal Systems (EGS) has been extensively conducted in the Cooper Basin, 

Australia, where the largest earthquake induced to date has a magnitude of MW 3.7. A 

study on the seismic data by Hunt and Morelli (2006),  

found that the frequency - magnitude event relationships at the site, was greater than that 

determined for that region by Gaull et al (1990). This is direct evidence supporting the 

hypothesis that hydraulic stimulation by Geodynamics Limited increased the natural event-

frequency level.  

 

Ten years later, the Newberry EGS site and the Habanero EGS site were monitored with the 

Matched Field Processing (MFP). This advanced earthquake detection and location 

technique, provides enhanced spatio-temporal resolution of microseismicity which takes 

place in subsurface reservoirs. The benefit of this work is that the seismicity sequences, 

reveal critical information about the ongoing evolution of the subsurface reservoirs, and 

better inform the construction of models for seismic hazard assessments (See Templeton et 

al, 2016). 
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Fig 14a EGS-induced earthquakes at Cooper Basin, Australia: the Jolokia Field– hypocenters 

of earthquakes induced by hydraulic stimulation of well 1 in 2010. Known fracture 

intersections with the wellbore are shown in black. 
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Fig 14b) The Habanero field–hypocentres of earthquakes induced by stimulation of well 4 

(vertical line) in 2012. Both figs are taken from Foulger et al , (2016). 

 

 

The ML5.4 Ellalong Earthquake, August 6th 1994  

 

This event was the largest in eastern Australia since the Newcastle Earthquake (ML5.6) of 

1989 and was located only 30 km further east from it. Its depth was very shallow at an 

estimated 1.5 km. 

  

Jones et al (1994) relate the Ellalong Earthquake to the mining activity in the Hunter Valley, 

as follows:  

 

Two seismic events of magnitudes ML2.3 and ML2.5 occurred near Ellalong in the 

week preceding the main shock. These events were part of a sequence of hundreds at 

Ellalong, possibly dating back to the start of “longwall mining” at Ellalong Colliery. 

Seismic events are associated with all longwall mines. They are generated by the fall 

under gravity of the “goaf” or roof, which is left suspended after the longwall has 

extracted the coal from the mined seam. 

 

These authors also state that: “(f)ive historic earthquakes of magnitude ML5 or greater are 

known to have occurred in the Hunter Valley Region between 1842 and 1994 (Jones et al, 

1994). The early ones were well reported in the newspapers which enabled seismologists to 

draw isoseismal maps of them and from these estimate their magnitudes.  

 

Jones et al (1994) state that the 1994 Ellalong Earthquake: …  

 

Had a focal mechanism which indicated almost pure thrusting on either of the two 

nodal planes which strike approximately northwest-southeast. The pressure axis is 

horizontal and trends northeast-southwest … similar to that of the Newcastle 

Earthquake, which had occurred six years earlier.  

 

Also, there was good agreement between the orientations of the principal stress axes of 

both events. Finally, Jones et al (1994) pointed out that there was also good agreement 

between nearby crustal measurements determined in 1981, at a site northeast of Ellalong, 

and the axis of the maximum principal stress of the town’s earthquake.. 

 

These authors also state:  

68 events (Aftershocks) were recorded and located between August and September, 

1994. All twelve of the best locations were either within the Ellalong Colliery Holding 
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or within 200 m of it! The northernmost of these epicentres were superposed on the 

central part of the mine from which coal was extracted in the late 1980’s.  

 

 

Hydraulic fracturing (fracking) and seismicity 

 

This section is a synopsis of what is meant by the term “Fracking” and the key findings 

available in the media and scientific literature regarding how this process impacts on its 

immediate environment, with particular reference to induced seismicity. 

 

Firstly, “Fracking” is the process of injecting liquid at high pressure into subterranean rocks, 

through boreholes, so as to force open existing fissures and extract oil or gas. In this 

process, an unwanted side effect of induced earthquakes is more common in Intra-Plate 

environments, like Australia (See Fig 15).     

 

Figure 15: Tectonic settings of human-induced Earthquake (After Foulger et al, 2017) 

 

 

 

This is because the crust is often critically stressed in most intraplate regions, which means 

the extra stress in the crust brought about by the fracking process can trigger them. This is 

facilitated by the increasing pore pressure at the site due to the injection of liquids down 

the borehole. This pressure, from within the interstitial spaces in the rocks, tends to push 

either side of a fault apart, thus lowering the coefficient of friction and increasing the 

probability of a slip/ or earthquake. 
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There are other factors, like the orientation of the stress-field relative to any existing faults 

and how critically stressed these are at the time of the injection process (for further detail 

on this process, please refer to p3 of Foulger et al (2017). 

 

 

Induced Earthquakes from the Fracking Process   

  

USA 

The oil and gas industry there has aggressively adopted fracking, to shatter subsurface shale 

rock and liberate the oil and gas resting there. 

Figure 16: States marked with an asterisk in the map indicate where shale-gas 

hydrofracturing is currently ongoing. (After Foulger, 2017) 

 

NB: The increase in seismicity, has by definition, increased the seismic hazard in some parts 

of Central USA, and is described by USGS as follows: 

The chance of having Modified Mercalli Intensity (MMI) VI or greater (damaging 

earthquake shaking) is elevated by 5–12 percent per year in north-central Oklahoma 

and southern Kansas. This hazard is now similar to that derived for natural 

earthquakes in parts of California (Mark D. Petersen et al, 2016).  

 

This is remarkable, given the hazard prior to this latest update rated these areas as having a 

low hazard. 

 

Figure 17, below, shows earthquakes recorded on the National Earthquake Information 

Centre (NEIC) (http://earthquake.usgs.gov/contactus/golden/neic.php) database for the 

period 1975 to 2015. 

http://earthquake.usgs.gov/contactus/golden/neic.php
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Figure 17: burst of induced seismicity from 2010 to 2015 in Oklahoma (After Foulger et al, 

2017) 

 
It shows: 

 

a) Cumulative M > 2.5 event frequency in Oklahoma;  

b) Earthquake Magnitudes. The Prague (Oklahoma) earthquake was the largest recorded in 

the series to date (M 5.7). 

 

The list of places at elevated risk of “man-made” earthquakes (in the USA), also includes 

Texas, Arkansas, Colorado, New Mexico, Ohio and Alabama, altogether sharing a population 

of 7 million people. 

 

Another example of how fluid waste volumes that are injected deep into subterranean rock 

strata in Colorado, are related to the Earthquake Frequency induced nearby (See Fig 18). 

The correlation between the two parameters is  

striking. 
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Figure 18: Volume of waste injected into the Rocky Mountain Arsenal borehole and the 

manifestation of nearby seismicity (After Foulger et al, 2017). 

 

  

 

Canada 

The Horn River Basin, British Columbia, is a major shale gas production area. 

Hydrofracturing commenced in 2006 and gas production peaked in 2010 and 2011 Prior to 

the hydrofracturing, seismic rates were low. Only 24 earthquakes with     1.8< M<2.9 were 

located locally in a ~ 2-year period. When hydrofracturing started the seismic rate increased 

to > 100 earthquakes/year and coincided with the commencement of hydrofracturing.  
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Figure 19: Map of the Horn River Basin, British Columbia, Canada. Left: seismicity on days 

when hydrofracturing took place. Right: days when it did not occur (After Foulger et al, 2017) 

 

Also, a correlation between seismic moment, maximum magnitude and volume injected was 

observed: 

Figure 20: Logarithm of seismic moment vs. logarithm of volume injected in shale gas 

hydrofracturing operations in the Etsho area, Horn River Basin, British Columbia, Canada. 

(After Foulger et al, 2017). 

 

 

NB: For the entire Horn River Basin, injected volume was more closely related to seismicity 

than injection pressure. Increases in volume increased earthquake frequency but not 

magnitude. Large earthquakes (> 1014 N m, i.e., MW ~ 3.5) occurred only when 
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~ 150,000 m3 of fluid were injected per month. Time lags between injections and seismicity 

ranged from days to months  

 

UK 

The embryonic UK shale-gas industry began with the 2011 Preese Hall, Lancashire- 

earthquake sequence. There, the first UK dedicated multi-stage shale-gas hydrofracturing 

operation was conducted in a 1000-m section of the Carboniferous gas-bearing Bowland 

Shale. Following the injection of 2245 m3 of fluid and 117 t of proppant, a nearby ML 2.3 

earthquake was reported by the British Geological Survey. The earthquake was felt, and was 

unusual in that location. The nearest monitoring station was 80 km away. Additional seismic 

stations were deployed rapidly, but no aftershocks were recorded. UK shale-gas 

hydrofracturing thus started with a rare phenomenon–the suspected induction of a 

nuisance earthquake. 

 

Operations continued, but about six weeks later a second felt event of ML 1.5 occurred 

~ 1.0 km from the well. Citizen disquiet followed, and operations were suspended. A total of 

52 earthquakes in the magnitude range −2.0<ML<2.3 were detected with similar waveforms 

to the two largest events. A government enquiry and 18-month suspension of operations 

ensued, while the problem was investigated. The close relationship between 

hydrofracturing and seismicity left little doubt that the earthquakes, shown below, had been 

induced  

 

Figure 21: Injected and Flowback Volume, Stations and Seismicity (After Foulger, 2017).  

Injection activity and seismicity associated with shale-gas hydrofracturing at Preese Hall, 

Lancashire, UK. Red line: injected volume; blue line: flow-back volume from the well-head in 

US barrels (0.159 m3); violet dots: earthquakes detected on seismic stations at distances of 
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more than 80 km; green triangles: earthquakes detected on two local stations; yellow 

triangle: event for which source mechanism and reliable hypocenter were obtained. 

 The UK Department of Energy and Climate Change (DECC) commissioned a review and 

recommendations for mitigation of seismic risk associated with future shale-gas 

hydrofracturing operations in the UK. Their recommendations included monitoring:

• Test injections prior to main injections;  

•  Near-real-time seismic fracture growth during injections; 

• Halting or changing injection strategy at the occurrence of seismicity with a 

threshold magnitude of ML 0.5. 

  

Detailed studies of the locations and fault mechanisms of the poorly recorded seismicity, 

combined with seismic reflection data, showed that the earthquakes probably occurred a 

few hundred meters below the well perforations on a fault that was not previously known. 

The fault does not intersect the borehole, but was close enough so that hydrofracture fluid 

may have leaked into it. The structure is an ancient transpressional fault that formed at the 

end of a Carboniferous basin, which had been inactive for 260 Ma.  

• This case illustrates that, even long-inactive faults, which are common in most 

continental crust, are close to failure and may be induced to slip by nearby 

injections. 

 

Australia 

The CSIRO state that:  Hydraulic fracturing has been widely used in Australia within the 

geothermal and gas industries. Hydraulic fracturing for stimulation of petroleum wells, as 

distinct from CSG wells, has been used in most states, with the bulk of activity in South 

Australia and Queensland. Fracturing for stimulation of CSG wells has been carried out 

mostly in Queensland and New South Wales. 
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Figure 22: Exploration and Potential Fracking sites of Australia 

 

Furthermore, in the Geoscience Australia’s report on ‘gas resources’ (See 

http://www.ga.gov.au/aera/gas), they refer to those from conventional natural gas and 

unconventional gas, including coal seam gas (CSG), shale gas and tight gas. 

Fig 23, below, has been copied from this report: 

  

http://www.ga.gov.au/aera/gas
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjDiLeS8bjZAhUG57wKHcJuCr8QjRx6BAgAEAY&url=http://www.mondaq.com/australia/x/409972/Oil+Gas+Electricity/Shale+gas+handbook+for+Australia&psig=AOvVaw3s_ieVzwsbqVeyat7tv7Qg&ust=1519366956842605
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Figure 23: Australia's prospective natural and unconventional gas resources (in Petajoules) 

(Extracted from GA website: http://www.ga.gov.au/aera/gas) 

 

In summary, this report states that: Australia has substantial gas resources. Gas is Australia’s 

third-largest energy resource after coal and uranium.  

Most of the conventional gas resources (around 95 per cent) are located in the Carnarvon, 

Browse, Bonaparte and Gippsland Basins off the north-west and south-east coasts of 

Australia…  

The report goes on to say that: Australia has large unconventional gas resource potential in 

many sedimentary basins, including CSG, shale gas and tight gas. Exploration and drilling 

work to explore the unconventional gas resources has been widespread around the country. 

Significant CSG resources have been identified in the major coal basins of eastern 

Australia … All three CSG-LNG projects are in Queensland – Gladstone. 

http://www.ga.gov.au/aera/gas
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Extensive exploration drilling in onshore sedimentary basins in Australia has been carried 

out in the past few years and large amounts of shale and tight gas resources have been 

identified (see Figs 22-23).  

Known tight gas accumulations are located onshore in South Australia, Western Australia 

and Victoria, while contingent and potential shale gas resources are located in Queensland, 

the Northern Territory, South Australia and Western Australia. 

 The prospective resources of tight gas are estimated from low-permeability sandstone 

reservoirs in the Amadeus, Perth, Cooper and Gippsland basins. The Amadeus Basin is 

estimated to have reported the largest tight gas resources. 

Understanding of the potential tight gas and shale gas resource in Australia is limited. Likely 

shale gas candidate formations have been identified in many basins, including the Cooper, 

Perth, Amadeus, Canning, Georgina and McArthur basins. Tight gas resources are under 

investigation in the Cooper, Perth and Gippsland basins. A significant advantage of exploring 

in the Cooper Basin is that substantial gas infrastructure already exists, including a gas 

pipeline servicing South Australian, Queensland and New South Wales markets.  

Geoscience Australia (GA) has assessed the potential for unconventional gas and oil in the 

onshore Gippsland, Otway, Perth, Cooper and Canning basins. This is a desktop assessment, 

using only publicly available data as inputs and following a probabilistic volumetric 

methodology. Tabular information of these estimates is given on the website provided 

above, for the Gippsland, Perth, Cooper, Canning and Otway Basins.   

In Western Australia, more than 600 wells have undergone hydraulic fracture 

stimulation in conventional reservoirs since 1958. These involved small scale, low-

pressure fracturing to improve oil recovery. More recently, twelve hydraulic fracture 

stimulations have occurred in Western Australia between 2004 and 2015, all 

conducted in vertical wells. Recent technology trends have included the development 

of horizontal wells, systems that recover, treat and re-use returned water and 

fracture fluids (otherwise known as Flowback water) and the use of lower toxicity 

chemicals.  

In the last decade, there has also been focus on developing tools and materials to 

increase the effectiveness of fracture stimulation treatments and exploring 

alternatives, or strategies to minimise, the use of water and chemicals, driven by 

resource recovery and public concerns. To date, hydraulic fracture stimulation using 

water-based fluids has been the predominant method in Australia with limited 

experimental application of high pressure nitrogen and propellants (high energy gas 

fracturing). (Extracted from SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURE 
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STIMULATION IN WESTERN AUSTRALIA Background and Issues Paper 3 November 

2017) 

I have contacted colleagues in various parts of Australia to see if we have any “fracking 

events” recorded on seismographs anywhere. To date, no-one has been forthcoming. Given 

we have shown that induced earthquakes (even those from fracking) can be very serious 

events in terms of damage and potential danger for the public, the apparent lack of these 

data, shows that the authorities have lacked interest in this work, which is unhelpful, if not 

negligent in this light.  

 

Consequently, I felt obliged to submit a report that, will allow the Panel to understand this 

point. Additionally I suggest that before any approval of fracking in this state is given that 

more certainty around the science of seismic hazard is undertaken.  

Unfortunately, it appears fossil-fuel companies of the world have been focusing on the 

profits, and subsequently paid the price of earthquake damage, citizen disquiet and 

environmental disasters. (See following paragraphs on legal aspects of this).  

 

 

Regulatory and Legal Responsibility 

 

We can only learn from this “gung-ho” approach and consider all consequences of what 

happens when a Fracking borehole is drilled. Thankfully, we are now starting to gather 

scientific data of some of these consequences (earthquakes, pollution, breaching aquifers 

and over-use of water in driest country in the world).  

 

Lynam and Vaggelas, (1998) warn that the potential for litigation in Australia exists under 

the legal definitions of “negligence, nuisance and trespass,” as described in Cypher and 

Davis (1998) (the USA example). At the time of publishing, these documents, (1998), 

although no court case was lodged in Australia, they thought that this was probably due to 

legal ignorance, as well as the difficulty in relating damage to the causation. 

 

These authors then discuss how a lot more could be done in the scientific fraternities of 

Institution of Engineers, Geomechanics Society, Australian Earthquake Engineering Society, 

along with Geoscience Australia etc. By investing in research in recording seismicity, 

geology, engineering, geomorphology (subsidence of basins etc), hydrology, and other 

scientific disciplines that are involved in hydrocarbon exploration and capture, could 

produce the following benefits, including: 

 

• Protect energy and water conduits such as gas (and oil), water pipelines; 

• Continue ongoing tomographic studies using the induced microearthquakes to 

improve our geophysical models and better target traps of hydrocarbons; 
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• Understanding more about the requirement for triggering (mechanics), and how rate 

of extraction/ injection. If this is understood properly we may be able to diminish the 

chance of damaging events.     

The recommendation here is the Panel should reject the current proposal to allow 

“fracking” in W.A., as we have no specific data to work with.  It is only with adequate and 

reliable seismic data, could we assess whether it could be safely done. This means, not just 

for induced seismicity, but in every other way there is the possibility of leaving a legacy 

which would be detrimental to either the environment, or residents living nearby. 

 

Concluding points 

 

1. Induced earthquakes occur when humans either load up (by injection, water-

catchment dams etc), or unload (remove rock/ minerals groundwater or 

fossil-fuels) from the earth. 

 

2. These events are generally small, but like natural earthquakes, their 

frequency (of occurrence) decays approximately logarithmically with their 

size or magnitude. 

 

3. The larger, more damaging events depend on both the type of disturbance/ 

activity used, and the seismic potential in the surrounding crust. NB: Seismic 

potential is defined, as, the inherent crustal stress in the surrounding rocks, 

the direction of the principal stress axis, and whether there are any existing 

faults (planes of weakness) in the region. 

 

4. The estimated maximum magnitude seems to vary according to the 

dimensions of the project. 

 

5. Australia has a relatively low natural earthquake hazard compared with other 

parts of the world. This is because we have an intraplate, rather than an 

interplate tectonic environment. 

 

6. However, intraplate environments are where most of the major, damaging 

and even devastating induced earthquakes have occurred;  for eg Uzbekistan, 

India, China; 

 

7. In the USA, this has led to changing the seismic hazard of affected areas from 

a low seismic hazard to relatively high, for eg Oklahoma has now been rated 

as high as parts of California, in the USA. 
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8. Mining-induced earthquakes have been happening in Australia since mining 

began. 

 

9. There is good evidence that the Newcastle (1989) and Ellalong (1994) 

Earthquakes were examples of this.   

 

This submission has focussed on induced earthquakes, particularly those created by 

the fracking process. Hence, I hope equal consideration will be given to the other 

potential negative outcomes stemming from this process, like ground-water 

pollution, breaching of aquifers, over-use of available water (hydrological issues), the 

effects of greenhouse gases from the fossil-fuel extracted and hence effects on 

“Climate Change”, to name a few. 

In a side note, why on earth would Australia be looking at 20th Century technology, 

when we could be leading the world in renewable energy?    

 

Brian Gaull   

5th March 2018 
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