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1 INTRODUCTION 

 

1.1 Project Overview 
In March 2019, Pinemont Technologies Australia (herein Pinemont or PTA) 

collected Audio Electro Magnetic Passive Transient Impulse (AEM-PTP) data 

over ~1,355km2 of the Surat/Bowen basins, Queensland, Australia that had been 

identified as areas of interest for Cypress Petroleum Pty Ltd (herein Cypress). 

The raw acquired data was sent to Pinemont Technologies Australia’s processing 

center in Perth for refinement. This report documents the processing phase of the 

Kingston Rocky Dam PTEM/ AEM-PTP survey. 

 

1.2 Survey Location 
Figure 1 shows the location of the Kingston Rocky-Dam PTEM AEM-PTP survey. 

The survey covered an area of approximately ~ 1,355 square kilometers. 

 

Figure 1- Map Showing the location of the Kingston Rocky Dam AEM-PTP survey area with respect 

to Queensland, 3D seismic surveys as well as petroleum licenses (PLs) and exploration licenses 

(ATPs). 
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2 PROCESSING 

The Raw data collected in the field was sent to Pinemont’s processing center in 

Perth. 

2.1 Workflow 
Below is a schematic diagram showing the processing workflow applied to the 

survey data collected for Cypress Petroleum Pty Ltd (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2- Schematic diagram showing the processing workflow undertaken for the AEM-PTP 

survey data. 
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2.2 Processing Objectives 

The processing sequence applied had two main objectives: 

• Improve the Signal to Noise Ratio of the Data 

• Generate different visualisations of the Transient Density data for 

interpretation. 

2.2.1 Improve the Signal to Noise Ratio 

The primary objective of the processing sequence applied was to improve the 

signal to noise ratio (SNR) of the acquired data by: 

• Removing noise from the acquisition data. 

• Enhancing the signal of the transient responses. 

2.2.2 Visualisations of the Transient Density Data 

The processing sequence was designed to generate transient density attribute 

“tracks” and gridded attribute maps for visualization and interpretation. This data 

will allow the interpreter to spatially identify anomalous areas (areas of high 

density transients) within the survey. These anomalous areas infer REDOX 

activity and or fluid migration pathways. 

 

2.3  Data Quality Control Procedures 

Several Quality Control assurances are in place throughout the acquisition and 

processing phases to maintain a high quality and reliable standard of recorded 

data. 

• During the acquisition phase the raw data being acquired is assessed on 

the onboard computer by the field technician. 

• At the end of each fly day the raw data is sent to the processing center in 

Perth. 

• The raw data is first plotted and examined (QC’d) for artifacts (i.e. spiking, 

surges or data inconsistencies), as well as areas of poor data quality.  

• If poor data results/ artefacts are observed, this information is fed back to 

the acquisition team who will re-fly that part of the survey if required. 
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2.4 Processing Sequence 
The processing sequence applied can be grouped into three main steps: 

• Pre-Processing: Editing the Geometry 

• Processing: Data Conditioning 

• Processing: Data Visualisation 

2.5 Pre-Processing: Editing Geometry 
The data is initially loaded into the Pinemont processing software. The recorded 

data is edited in preparation for processing by: 

• Removing the flight turns (Figure 3).  

• Assigning flights lines to sections of the flight path.  

• The recorded flight path data is repositioned to follow a straight line. 

 

 

 

Figure 3- Example of cropping survey flight lines to remove the turns. 

 

2.6 Processing: Data Conditioning 
The second stage of processing was data conditioning. 

 

2.6.1 Input Data 

The input data has a low signal to noise ratio and requires data conditioning 

processing to enhance the signal and reduce the noise.  
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Figure 4- Input PTEM data after pre-processing editing and prior to data balancing and conditioning  

 

2.6.2 Processing Procedures 

Data from each flight line within the survey were averaged and standardized 

using the following tools: 

Bulk Scalar 

A bulk scaler is applied to constrain the data visually between the different survey 

lines so that it could be embedded directly into the longitude. 

Automatic Gain Control (AGC) 

An Automatic Gain Control (AGC) is applied to the data to limit the effect of the 

loss of amplitude as a function of time. This processing function balances the data 

across days. 

Moving Average Filter 

A moving average filter is applied to the data to reduce isolated spikes and 

anomalous recorded values. 

Baseline Thresholding 

A baseline threshold is applied to the data to focus on and highlight higher energy 

transients. 

De-Spiking 

High amplitude bursts and noisy points are scaled down using an automated de-

spike operator. 
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2.6.3 Summary of Data Conditioning 

At the end of these initial processing stages the signal to noise ratio of the acquired 

data had been enhanced and higher energy transients within the data are visually 

discernible from the recorded signal (Figure 5).  

 

Figure 5- Output PTEM data after data balancing and conditioning 

 

2.7 Processing: Data Visualisation 

The next stage of processing focused on generating two new versions of the 

transient density data for visualization and interpretation.  

•  Track lines. 

•  Transient Density attribute maps. 

 

2.7.1 Generating Track Data 

The processed point data at each frequency band was then imbedded into the 

recorded latitude data creating a trace file. These values were then used to create 

the “track” lines like those shown below (Figure 6). 
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Figure 6- The figure shows the “Track” transient density values for the PTEM frequency band 

imbedded onto the flight paths. 

 

The large spikes in the data highlight areas of high transient density readings. 

The single flight line traces can be analysed and interpreted as they are.  Note this 

data should always be reviewed to validate interpretations made on the 

interpolated data. 

 

2.7.2 Generating Transient Density Attribute Maps 

To visualize the AEM-PTP data over the whole survey area, the processed point 

data was gridded. 

 

2.7.2.1 Interpolation using Inverse Distance Weighting 

The processed point data was also interpolated using an Inverse Distance 

Weighting algorithm. This algorithm was selected as it is assumed that the 

anomaly decreases with distance from the source. Note the level of interpolation is 
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chosen to emphasize the data along the flight lines (rather than interpolated data 

between lines). 

 

2.7.2.2 Gridding Areas 

The Kingston Rocky-Dam PTEM AEM-PTP survey was gridded as one single 

area. 

 

2.7.2.3 Classifying Gridded Transient Density Attribute Maps  

To classify the interpolated AEM-PTP data, each dataset was segmented into 

different classes using the “quantile” method (Figure 7). This provides focus by 

highlighting the anomalous areas of higher transient densities. 

 

 

 

Figure 7- Example of the PTEM frequency band transient density attribute map classified into eleven (11) 

classes using the “quantile” mode. 
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The example PTEM transient density attribute map is shown in Figure 7. The map 

shows the locations of the highest concentrations of transient densities (after 

processing). When the data is presented in this format, attention is drawn to the 

areas of the survey where the transient density activity is largest.  

The areas of high transient densities are shown by hot colours (oranges and red) 

while the areas of low transient density are shown by cold colours (blue and 

greens). The display is designed to focus the interpreter’s attention to the areas of 

higher transient density.  

In summary, the flight line data has been interpolated to produce the maps. 

However, it should be noted that the data collected had flight line spacing of 1km. 

Consequently, between the flights lines the data is interpolated and therefore 

subjective. 
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3 VISUALISING THE DATA IN GOOGLE EARTH 

Shapefiles and kmz files were created for the PTEM and for each of the 9 

different frequency bands of the AEM-PTP data. This data can be viewed 

directly in Google Earth.  

 

3.1 Viewing the Flight Line Data and Survey Area 
To view the survey flight lines and area open the “Kingston-Rocky-Dam-

PTEM_AEM-PTP_Survey-Option1.kmz” file and select the survey area and flight 

line boxes. Figure 8 shows the flight line data and survey area displayed in 

Google Earth. 

 

Figure 8- Screenshot from Google Earth showing the survey area and flight lines. 

 

3.2 Viewing Track Data 

As the interpolated data between flight paths is highly interpretive the user has 

the ability just to review the processed data which hasn’t been gridded. To view 

the track data open the “Kingston-Rocky-Dam-PTEM_AEM-PTP_Survey-

Option1.kmz” file and select the Track data to be viewed. Figure 9 shows the 

PTEM track data selected. 
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Figure 9- Example showing the PTEM Track data displayed in Google Earth. 

 

3.3 Viewing Transient Density Maps 
The transient density attribute maps for the PTEM data and the AEM-PTP 

frequency bands can be viewed in Google Earth. To view the transient density 

attribute maps open the “Kingston-Rocky-Dam-PTEM_AEM-PTP_Survey.kmz” 

file and select the Transient density map to be viewed by clicking the associated 

boxes. Figure 10 shows the Gridded Transient Density maps in Google Earth. 
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Figure 10- Example of displaying a PTEM Transient Density Attribute Map data in Google 

Earth. 
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4 DELIVERABLES 

The processing sequence applied generated the following types of processed 

transient density data that will be delivered to the client: 

• Point Data 

• Track Data 

• Transient Density attribute maps. 

4.1 Point Data 
The processed transient density point data is a series of points each with an “x” 

(longitude), “y” (latitude) and “z” (attribute) value associated with them. The 

transient density “z (attribute)” values include: 

• PTEM Data 

• AEM-PTP Frequency Band Data: 

o 300-400Hz 

o 400-600Hz 

o 600-800Hz 

o 800-1000Hz 

o 1000-1200Hz 

o 1200-1400Hz 

o 1400-1600Hz 

o 1600-1800Hz 

o 1800-2000Hz 

The processed point data is provided in “.csv”, shapefile and kmz formats 

4.2 Flight Line Traces (Tracks) 

The processed transient density track data is a series of points each with an “x” 

(longitude), “y” (latitude) value associated with them. The transient density 

values include are imbedded into the “y” latitude values. There is Track data 

available for the following frequency bands. 

• PTEM Data 

• AEM-PTP Frequency Band Data: 

o 300-400Hz 

o 400-600Hz 

o 600-800Hz 

o 800-1000Hz 

o 1000-1200Hz 

o 1200-1400Hz 

o 1400-1600Hz 

o 1600-1800Hz 

o 1800-2000Hz 
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The processed point data is provided in “.csv”, shapefile and kmz formats. 

 

4.3 Transient Density Attribute Maps 
The processed transient density attribute maps were generated separately over 

the different gridding areas. 

The final processed attribute maps will be provided in GeoTiff and “kmz” file 

formats. 

 

4.4 Integrated Results- Google Earth Map 
The processed data has been integrated together in a Google Earth map. The 

map is in KMZ file format and includes: 

• The Survey Area 

• Flight Lines 

• Processed Track Line Data for the PTEM and AEM-PTP Data 

• Processed Gridded Transient Density Maps for the PTEM and AEM-PTP 

Data 
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5 CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Conclusions 

• The Kingston Rocky-Dam PTEM AEM-PTP survey data has been processed 

at Pinemont’s processing center during March 2019. 

• Processing of the raw acquired data has helped improve consistency and 

balance in the data. 

• Processing has improved the signal to noise ratio (SNR) of the acquired 

data. 

• The transient density Track data and gridded attribute maps were 

generated during processing. This data will allow the interpreter to 

spatially identify anomalous areas of higher transient densities within the 

survey. 

• The outputs from processing have been provided in a range of formats 

including shapefiles, ascii files, raster image files (GeoTiffs) and kmz files 

for importation into the clients preferred geophysical interpretation or GIS 

software package. 

 

5.2 Recommendations 

• Identify the locations of the strongest transient density anomalies that 

suggest the present of REDOX cells. This should be conducted for both the 

individual frequency ranges and on optically stacked frequency maps (from 

processing flow 1) to show the areas of highest transient density. 

• To understand the relationship between the observed transient density 

anomalies and its geological significance in the subsurface it is essential to 

integrate with existing geophysical and geological data.  

• Integration of the AEM-PTP data with other available data will help 

provide focus for future exploration. 

• To help validate the PTEM, AEM-PTP anomalies we would encourage 

Cypress to collect surface Geochem or Microbial measurements. We would 

recommend Iodine Geochem (Chuck Gouge from Graystone Labs) or 

Microbial sampling (Harry Mei AE&E Geomicrobial technologies).  
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7 GLOSSARY OF TERMS (SOURCED MOSTLY FROM 

WIKIPEDIA) 

 

Term Definition 

REDOX REDOX is the acronym for a chemical reduction-oxidation chemical reaction. Any such 

reaction involves both a reduction process and a complementary oxidation process. 

Reduction This is the gain of electrons or an increase in oxidation state by a molecule, atom or ion. 

Oxidation This is the loss of electrons or an increase in oxidation state by a molecule, atom or ion. 

Electrochemical Cells An electrochemical cell is a device capable of either generating electrical energy from 

chemical reactions or facilitating chemical reactions through the introduction of electrical 

energy.  

REDOX Cells A REDOX cell is an electrochemical cell in the Earth. Silvain J Pirson and others proposed 

that REDOX cells form in the Earth above hydrocarbon reservoirs. As hydrocarbons leak  

and migrate toward the surface a potential difference between the surface and reservoir 

creates a weakly charged battery. 

Upward Fluid Flow Upward fluid flow is a general term used by the geoscience community to describe the 

migration of fluids (water, hydrocarbons, gases) vertically (near enough) through to the 

subsurface. 

Micro-Seepage As hydrocarbons leak and disperse out of reservoirs they migrate through the subsurface 

eventually seeping out at the surface. The seepage of hydrocarbons is on a continuum from 

macro seepages such as oil spills, tar pits through to micro-seepages where high 

concentrations of volatile or semi-volatile hydrocarbons are analytically detectable at the 

micro-scale in soil, sediments or water. Micro seepages can be detected through a variety of 

methods but primarily geochemical or geomicrobial analysis.   

Electromagnetic Waves 

(Radiation) 

Electromagnetic waves are synchronized oscillating Electric fields (often called an E-field) 

and magnetic fields (B or H-fields), travelling at the speed of light. 

Electric Fields Electric fields arise from voltage and are measured in V/m. 

Magnetic Fields Magnetic fields arise from current flows and are measured in Amps/m, 

Earth’s Magnetic Field The Earth’s magnetic field is the magnetic field that extends from the Earth’s interior and 

out into space. 

Electromagnetic 

Spectrum 

The electromagnetic spectrum is the collective term for all the possible frequencies of EM 

waves (radiation). From very high frequency waves such as Gamma rays through to low 

frequency Radio waves. 

Audio Frequency A sound wave with an audible frequency is characterized as a periodic vibration whose 

frequency is audible to the average human. The generally accepted range of audible 

frequencies is between 20 and 20,000Hz. This range is also used for EM waves though EM 

waves cannot be heard. 

Extremely Low 

Frequencies (ELF) 

Extremely low frequency EM waves are a sub-division of radio waves with frequencies 

ranging from 3 to 30Hz. ELF radio waves are generated by lightning and natural 
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disturbances in the Earth’s magnetic field. Importantly ELF waves can penetrate both 

seawater and rocks in the Earth’s crust. ELF waves are used for communication with 

Submarines. In atmospheric science, an alternative definition for ELF is usually given from 

3 Hz to 3 kHz. 

Electromagnetic 

Induction 

Electromagnetic induction is the production of an electromotive force or voltage across an 

electrical conductor due to its dynamic interaction with a magnetic field. The Law of 

Induction was documented by Michael Faraday in 1831. 

Electromagnetic 

Conductor 

An electromagnetic conductor is a material which can conduct electrical currents. Its ability 

to conduct electrical currents is measured by its resistivity. 

AC Current The direction of charge in an alternating current changes periodically. 

DC Current The direction of charge in a direct current only flows in one direction. 

Electromotive Force Electromotive Force (EMF) is the voltage developed by any source of electrical energy such 

as a battery. The force in this term can be misleading as it does not mean a mechanical 

force measured in Newton’s but a potential, or energy per unit charge, measured in volts.  

Lorentz Force  The Lorentz force is the combination of electric and magnetic force on a point charge due to 

electromagnetic field.  

Homopolar Motor The Homopolar motor was the first electrical motor to be built. The Homopolar motor is a 

conductor with a current flowing through it when placed in a magnetic field which is 

perpendicular to the current feels a force in the direction perpendicular to both the 

magnetic field and the current. In the case applied to Pinemont- the conductor is the Earth, 

the current is generated by the REDOX Cell and the Magnetic field is provided by the 

Earth’s magnetic field. 

SP (Spontaneous 

Potential) 

Spontaneous potential (SP) also called self potential, is a naturally occurring 

electric potential difference in the Earth, measured by an electrode relative to a fixed 

reference electrode. Recognised more than 200 years ago and used as an exploration tool for 

both minerals (1920s) and petroleum (1930s).  

SP Well Logs The spontaneous potential well log or SP log, is a passive measurement taken by well 

loggers to characterise rock formation properties. The log works by measuring small electric 

potentials (measured in millivolts) between depths in the borehole and a grounded 

electrode at the surface.  

Transient A transient event is a short-lived burst of energy in a system caused by a sudden change of 

state. The source of transients can be external or internally related to the system. 

Transient energy can couple to other parts of the system to create short burst of oscillation. 

Passive Transient 

Pulses 

Passive Transient Pulses are naturally anomalous bursts of energy within the Earth’s 

passive electromagnetic fields. The source of these passive transient pulses is still debated 

but it is presumed they are the result of lightning activity throughout the planet and 

streaming potentials in the subsurface. 

PTEM data PTEM data or Passive Transient Electromagnetic data is a geophysical measurement of the 

density of naturally occurring transient pulses within the Audible (ELF) frequency range of 

the vertical component of the Earth’s passive electric field (E-field). 

AEM-PTP data AEM-PTP data or Audio Electromagnetic Passive Transient Pulse data is a geophysical 

measurement of the density of naturally occurring transient pulses. AEM-PTP data is 

https://en.wikipedia.org/wiki/Well_logging
https://en.wikipedia.org/wiki/Well_logging
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different to PTEM data as it measures different frequency intervals within the Audio (ELF) 

frequency range of the vertical component of the Earth’s passive electric field (E-field). 

Transient Density Flight 

Lines 

The local impulse density together with associated GPS data is mapped to generate flight 

lines showing transient density anomalies.  

Transient Density 

Attribute Map 

The transient density values recorded along individual flight lines and are gridded using an 

IDW interpolation and gridding method to produce transient density attribute maps. 

Inverse Distance Weight 

(IDW) 

Inverse Distance Weighting is a type of interpolation technique. Pinemont technologies 

uses it to grid and interpolate between flight lines to generate a transit density attribute 

map.  

Resistivity Electrical resistivity, a measure of a material’s inability to conduct an electric current. It is 

the inverse of electric conductivity. 

Conductivity Electrical conductivity, a measure of a material's ability to conduct an electric current, it is 

the inverse of electrical resistivity. 

Skin Depth (Penetration 

Depth) 

Penetration depth is a measure of how deep light or any electromagnetic radiation can 

penetrate into a material. It is defined as the depth at which the intensity of the radiation 

inside the material falls to 1/e (about 37%) of its original value at (or more properly, just 

beneath) the surface. 

 

  

https://en.wikipedia.org/wiki/Electrical_conductivity
https://en.wikipedia.org/wiki/Electromagnetic_radiation
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7.1  Table of Acronyms 
 

Acronym Full Name 

AFMAG AFMAG is an acronym for Audio-Frequency Magnetics 

EM EM is an acronym for Electromagnetic 

VFR VFR is an acronym for Visual Flight Rules 

POH POH is an acronym for a Pilot’s Operating Handbook 

CASA CASA is Australia’s civil aviation safety authority body. 

PTA PTA is an acronym for Pinemont Technologies Australia 
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8 REFERENCE MATERIAL 

Technical presentations have been given in a number of different conferences. 

Online references to presentations given at the American Association of 
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10 DISCLAIMER 

Geophysical surveys conducted by Pinemont Technologies Australia Pty Ltd 

and any other service company are by nature non-unique.  Therefore, any 

statements, comments, observations, conclusions or recommendations 

made in this document are interpretative by nature. Consequently, 

directors, agents and employees of Pinemont Technologies Australia Pty 

Ltd shall in no way be liable to any person or body for any loss, claim, 

demand, damages, costs or expenses of whatsoever nature arising in any 

way out of, or in connection with, the information contained in this 

document. Moreover, the statements, opinions expressed in this report 

reflect assumptions which may or may not prove correct; so recipients of 

this document must make their own independent investigations and 

evaluation such that they are entirely reliant on their own conclusions.  
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11 APPENDICES 

There is an appendices document showing screenshots of all the processing 

results in the pdf: 

• 02a-Processing_Report-Kingston-Rocky_Dam_PTEM-AEM-

PTP_Survey_for_Cypress_Petroleum_Appendices.pdf 

 


