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Abstract 

The Mountain Lake Intrusion in northwestern Alberta represents one of the most accessible kimberlitic 
pipes located to date within the Western Canadian Sedimentary Basin. As such, several practical 
exploration and orientation geophysical studies have been completed over the intrusion; the current report 
compiles over ten years worth of geophysical data, including airborne magnetic and electromagnetic, 
ground magnetic and electromagnetic, gravity, seismic reflection and refraction, resistivity and borehole 
logs.  
 
The Mountain Lake Intrusion has a distinct topographic, magnetic, resistivity and gravity response in 
comparison to its Upper Cretaceous host rocks. It produces a 10 nT magnetic anomaly, a 0.3 mGal 
Bouguer gravity anomaly and has a 50 m thick conductive core (< 10 ohm·m). Deeper parts of the 
intrusion (250 to 400 m) are modelled with magnetic and resistivity data to have subtly elevated magnetic 
susceptibility (10 mSI) and elevated resistivity values (30 ohm•m). The intrusive body can be recognized 
by the presence of strong seismic diffractions, which extend to depth in the seismic section and have 
apices coinciding with the topographical and other geophysical expressions of the intrusive.  

The data collection not only provides the most up-to-date geophysical interpretation of the Mountain Lake 
area, but also a practical background dataset for reference in the continued exploration for kimberlite in 
sedimentary basins. For example, there is an unequivocal relationship between the physical properties 
derived from borehole logs, which are collected routinely by the oil and gas industry, and surface and 
airborne geophysical data. Thus, screening of vast oil and gas datasets may enable companies to 
investigate large areas of the prairies for possible kimberlite targets.  
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1 Introduction 

Since the late 1980s, kimberlite exploration in Alberta has developed at a rapid pace. The potential of the 
Archean and Proterozoic crust, beneath the Western Canadian Sedimentary Basin (Figure 1), to be a 
source of diamondiferous kimberlites was recognized almost immediately after the discovery of the Lac 
de Gras kimberlites in the Northwest Territories (Dufresne et al., 1996). To date, over 110 kimberlite 
occurrences have been discovered in the sedimentary basins of Alberta and Saskatchewan. The most 
important finds from a potential economical perspective are the Fort á la Corne kimberlite field in 
Saskatchewan (Jellicoe et al., 1998; Zonneveld et al., 2004) and the Buffalo Head Hills field in north-
central Alberta (Carlson et al., 1999; Skelton et al., 2003; Eccles et al., 2004). The Mountain Lake 
Intrusion in northern Alberta is another important discovery because of its location, its level of exposure 
and the large quantity of data available (e.g., Wood and Williams, 1994; Leckie et al., 1997; Wood et al., 
1998; Eccles, 2003).  

Geophysical methods are an important component in kimberlite exploration on the shield and are even 
more important for exploration in a sedimentary basin setting. A wealth of geophysical data exists in 
Alberta and Saskatchewan because of the long history of oil and gas exploration. These data have been 
used successfully to screen large areas of the prairies for possible kimberlite targets. The geophysical 
techniques include airborne magnetics, seismic reflection and land-based gravity surveys. A key 
component that ties the regional geophysical data to geology and more localised exploration is 
geophysical borehole logging. 

Geophysical borehole logs are collected routinely by the oil and gas industry. Geophysical measurements 
of density, resistivity, natural gamma emissions and sonic velocity are very useful for stratigraphic 
interpretation and identification of kimberlite. We discuss the physical properties derived from borehole 
logs from a number of kimberlites in northern Alberta and use these to help interpret surface and airborne 
geophysical data from the Mountain Lake Intrusion. 

A geophysical signature for the Mountain Lake Intrusion has been derived from the following 
geophysical datasets: 

• Airborne magnetics and electromagnetics; 
• Ground magnetics and electromagnetics; 
• Gravity; 
• Seismic reflection and refraction; 
• Resistivity; and 
• Borehole logs. 

The Mountain Lake volcanic rocks crop out on a prominent oval shaped hill within Township 74, Range 
25, west of the 5th Meridian; the nearest large community is Falher, Alberta, approximately 46 km to the 
northeast (Figure 2). The intrusion was discovered by Monopros Limited (the then exploration subsidiary 
of De Beers Canada) in 1989-1990; since then it has been intermittently explored by several mining 
companies (Lucero Resource Corp., and New Claymore Resources Ltd.). This exploration included till 
sampling, drilling and geophysical surveys. In 1995, the Geological Survey of Canada (GSC), in 
association with the Alberta Geological Survey (AGS), initiated a program to drill two holes to 
investigate the volcanics and intrusives (Leckie et al., 1997). In addition to the drilling, the joint GSC-
AGS project compiled three geophysical components: 

• An airborne magnetic survey over the intrusion; 
• Borehole geophysical logs, in conjunction with the two study drill holes; and
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• A regional seismic line, that crossed the northern part of the anomaly, was acquired from the oil 
industry. 

 
The results of the drilling and the geophysical surveys are presented in GSC Open File Report 3441 
(Leckie et al., 1997). More recent government supported studies include soil geochemical and 
biogeochemical orientation surveys (Eccles, 1998a, b) and a petrographic study (Skupinski and 
Langenberg, 2002). A summary of these data can be found in Eccles (2003). In addition to the data 
released as part of the GSC-AGS study, many other geophysical datasets are available over the intrusion. 
The challenge in this current study has been to find the geophysical data and to secure their release.  

1.1 General Geological Setting and Characteristics of the Mountain Lake Intrusion 
The exposed bedrock surrounding the intrusion is the Wapiti Formation, an Upper Cretaceous to early 
Palaeocene nonmarine sandstone (Leckie et al., 1997). The Wapiti Formation is likely 150 to 200 m thick 
based on well logs from the area. The underlying Smoky Group extends from a depth of 200 m to 450 m. 
This unit is dominated by marine shales, but also contains several clastic members (Badheart and 
Cardium Formations). The upper Cretaceous Dunvegan Formation is a prominent sandstone unit across 
the region. In well 12-36-74-25W5, the Dunvegan Formation is encountered between 450 and 550 m 
depth. Deeper units include Shaftesbury shale, and sandstones of the Paddy, Cadotte, and Harmon 
members. The Quaternary geology is composed of till in the form of a hummocky ground moraine. Fens 
and lakes occupy the low-lying areas. Auger holes show that the till blanket varies from less than 1.5 m 
deep on the flanks of the hill to greater than 20 m thick southwest of the intrusion (Fenton et al., 1997).  

De Beers initially separated the Mountain Lake discovery into two distinct bodies. The Mountain Lake 
South body forms a pronounced topographic high (about 30 m high) and measures 400 by 650 m (29 ha), 
whereas Mountain Lake North body has no to little topographic expression and measures about 250 by 
350 m (8.75 ha), as defined by the boundary of a weakly positive ground-magnetic signature. Leckie et al. 
(1997) and Skupinski and Langenberg (2002) showed that the Mountain Lake South body is comprised 
mainly of juvenile-rich volcaniclastic rocks. In contrast, the Mountain Lake North body is characterized 
by resedimented volcaniclastic rocks, where quartz and feldspar are common in the matrix and the 
volcaniclastic pile contains interbedded sandstone and siltstone. It is possible therefore, that Mountain 
Lake South is the main pipe and formed predominantly by effusive volcanism at surface, whereas 
Mountain Lake North represents reworked material that has been displaced from the main feeder. 
However, drill testing has only penetrated to maximum depths of 200 m and, therefore, this interpretation 
remains ambiguous.  

The Mountain Lake Intrusion consists of pyroclastic and resedimented pyroclastic rocks that were 
emplaced onto nonmarine sediments about 76 Ma to 75 Ma (Leckie et al., 1997) ago. The Mountain Lake 
rocks were initially described as a “known kimberlite” (Wood and Williams, 1994). However, as various 
other petrologists examined rocks from the Mountain Lake pipes it became apparent that these rocks are 
not archetypal kimberlite. Ensuing petrographic and geochemical reports now seem to have established a 
basis for the classification of these pipes and, at present, the most suitable classification for the Mountain 
Lake body is as alkaline ultrabasic volcanics (Leckie et al., 1997; Skupinski and Langenberg; Eccles, 
2003).  

In hand specimen, the Mountain Lake volcanic rock is comprised of dark greenish-grey to black, brittle 
material that consists dominantly of ash, olivine and juvenile lapilli. The majority of the juvenile lapilli 
and single grain olivine phenocrysts and macrocrysts are matrix supported and highly altered. The 
magmatic material is variably contaminated by clasts of sandstone (possibly Wapiti Formation) and shale 
(possibly Kaskapau Formation). In addition, there are variable amounts of contamination of the 
groundmass by quartz and feldspar xenocrysts, presumably from the Wapiti Formation. Leckie et al. 
(1997) saw no evidence of diatreme facies in the drill core.  
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1.2 Regional Geophysical Setting 
From a regional geophysical perspective, the Mountain Lake Intrusion lies in a fairly nondescript part of 
the Western Canadian Sedimentary Basin. Based on seismic reflection data, and wells that penetrate to 
Precambrian basement, the basin is between 2100 and 2200 m deep (Leckie et al., 1997). Heat flow in the 
region is between 55 and 60 mW/m2, typical for the basin (Beach et al., 1987). Geothermal gradients 
observed in deep oil wells in the region indicate no major thermal anomalies.  

The Precambrian geology below the sedimentary sequence can be determined from the few wells that 
reach basement and magnetic anomaly maps (Ross et al., 1994). The Chinchaga Domain lies beneath the 
Mountain Lake Intrusion (Figure 1). The Chinchaga terrain is defined by a region of low magnetic 
intensity and a regional gravity low (Villeneuve et al., 1993). The LITHOPROBE Alberta Basement 
Seismic Transects passed to the east and north of the study area (Ross and Eaton, 2002). Deep 
electromagnetic sounding of the crust has been undertaken in the area by Boerner et al., (1995). A range 
of major electrical conductivity structures have been mapped in the upper mantle and lower crust but the 
detail is not sufficient to determine any anomalous zones associated with the Mountain Lake Intrusion. 
Tectonically, the study area lies on the southern edge of the Peace River Arch. The closest region of 
active seismicity is the Fort St. John graben to the northwest. 

1.3 Geophysical Properties from Borehole Logging 
Between 1997 and 1999, Komex International Ltd. logged 36 boreholes in Alberta for numerous 
kimberlite exploration programs. The logging suites included natural gamma-ray spectrometry, magnetic 
susceptibility, inductive conductivity, temperature, and the three-component magnetic field. Despite the 
wide variation in physical properties of kimberlite even within a single pipe, borehole geophysical logs do 
effectively distinguish kimberlite from host rock. As part of the GSC/AGS program, two holes were 
drilled and geophysically logged in the Mountain Lake Intrusion. A summary of geophysical properties of 
Alberta kimberlite and sedimentary host rocks derived from all available geophysical logs is presented in 
Table 1. 

Logs from the Mountain Lake Intrusion will be discussed in detail in the following sections. Logs not 
directly involved in modelling but still important for discrimination of kimberlite include natural gamma 
(total and spectral), temperature, electrical conductivity, and spontaneous potential (SP).  

Total gamma counts and uranium counts appear to be the only logs that are consistently diagnostic of 
kimberlite. Both total counts and uranium counts usually exceed background values by at least fifty per 
cent within the weathered and fresh kimberlite. The contrast is particularly evident if the host is a 
sandstone or siltstone. Shales will have high natural gamma counts but the uranium counts are still 
significantly higher in kimberlites (Kellett and Bauman, 2002). Fracturing in the kimberlite enhances the 
circulation of groundwater resulting in temperature, electrical conductivity, and SP anomalies. Fluid 
temperatures rise by as much as 2o C within the top several metres of a kimberlite intrusion. These 
anomalous temperature gradients may be related to elevated uranium concentrations, fracturing and fluid 
influx into the borehole or greater thermal conductivity because of fluids moving through the structure 
faster.  

Magnetic properties can be derived from borehole logs or measurements on core. Kimberlite displays 
elevated magnetic susceptibilities with values ranging from 2 to 40 mSI units, whereas background values 
are generally less than 2 mSI units (Kellett and Bauman, 2002). Measurements of the magnetic 
susceptibility derived from geophysical logs have the advantage of being continuous from surface casing  
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Table 1. Basic physical properties of kimberlites and sedimentary host rocks 

 
 

 
Property 

Fresh* 
kimberlite 

 
Shale 

 
Sandstone 

 
Till 

Gamma (cps) 100-120 80-150 50-80 50-100 

Resistivity (ohm·m) 80-100 10-30 30-80 20-50 

Magnetic 
susceptibility (mSI) 10-20 <5 <10 <5 

Density (kg/m3) 2,200-2,400 2,000-2,200 1,800-2,000 <1,800 

Sonic velocity (m/s) 2,000-2,200 1,800-2,000 1,800-2,000 <1,500 

 
* Relatively unaltered pyroclastic kimberlite to fresh, hypabyssal kimberlite.
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to the base of the hole. In particular, magnetic properties can be derived for zones of poor core recovery 
such as the overburden and the critical top few metres of the kimberlite. 
 
Resistivity, density, and sonic velocity are important physical properties that are commonly derived from 
geophysical logs. These properties are discussed in detail in the individual sections of the report. 

1.4 Format of Geophysical Investigation 
In this report, we describe each of the geophysical data sets collected over the Mountain Lake Intrusion 
(Table 2). Komex extracted regional geophysical data from the datasets listed in Table 2 over an area 
covering six townships (Range 24, 25, 26, Townships 74 and 75). The coordinates of the study area are 
listed below (UTM NAD83, Zone 11): 

• Southwest corner: 436600 E, 6136880 N 
• Northeast corner: 463970 E, 6155990 N 

 
More detailed processing and interpretation concentrates on an area directly over the Mountain Lake 
Intrusion (Figure 2) are centred on Section 36-74-25W5. The coordinates of the detailed study area are 
listed below (UTM NAD83, Zone 11): 

• Southwest corner: 453000 E, 6145000 N 
• Northeast corner: 456000 E, 6147000 N 

 
The datasets are included in ASCII data files and ERMapper (Earth Resources Mapping Pty. Ltd., 1999) 
grids in Appendix I. In cases where two surveys have been performed over the intrusion with the same 
geophysical method (e.g., airborne magnetics), we have chosen the most detailed dataset to interpret. The 
geophysical interpretation involves a description of the background values and identification of any 
anomalies. The anomalies are interpreted using geophysical properties derived from the geophysical 
borehole logs. Modelling has been performed on the magnetic, resistivity, and gravity data (see sections 
2, 3, and 4). Seismic reflection data are presented in a range of states (stacked and migrated) depending 
on the source of the sections (see section 5). The airborne and ground electromagnetic data are shown as 
profiles and maps of the processed data with no modelling or inversion (see section 3). All of the 
geophysical data are combined into a single interpretation providing the best image of the Mountain Lake 
Intrusion to date. 

2 Magnetic Signature 

2.1 Airborne Magnetic Surveys 
Airborne magnetic data are available from three surveys: GSC airborne magnetics (Leckie et al. 1997), 
airborne Geoterrex Transient Electromagnetic Survey (GEOTEM; GeoTerrex, 1998; New Claymore 
Resources Ltd.) and a Terraquest airborne magnetic and very low frequency (VLF; Terraquest 1999). All 
three surveys have similar survey parameters (line-spacing of 200 m and sensor elevation of 90 – 120 m). 
Komex appraised the quality of the three surveys and decided that the Terraquest (Figure 3) and the 
GEOTEM datasets were suitable for presentation at the regional and detailed scales, respectively. The 
data flown as part of the GSC study are presented in Appendix II. 

2.1.1 Geological Survey of Canada Data Set 
In 1996, Geophysical Development Corporation (GEDCO) flew a small airborne magnetic survey over 
the Mountain Lake Intrusion (Pierce, 1997) and 1,311 line-km of data were collected for the GSC. The  
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Table 2. Geophysical data sets. 

 
 

Data type 
 

Year 
 

Resolution 
 

Comments 
 

Source 
Corresponding 

figures and/or appendices 
figure number 

Geological Survey of Canada 
airborne magnetics 1996 Leveled line files and grids 200 m flight lines 

2,400 m tie lines GEDCO Appendix II - 1 

Terraquest airborne magnetics and 
VLF 1999 Leveled line files and grids 200 m flight lines 

2,000 m tie lines 
New Claymore 
Resources Ltd. 3, 4, 5, Appendix III-1 

Geoterrex (Fugro) airborne Geotem 
and magnetics 1998 Leveled line files 200 m flight lines New Claymore 

Resources Ltd. 
6, 7, 10, Appendix II-2, 
Appendix III-2 

SJV Geophysics ground magnetic 
survey 1998 Scanned image of total field 

anomaly 
100 m line spacing 
20 m station spacing 

New Claymore 
Resources Ltd. Appendix II-3 

De Beers ground magnetic survey 1990 Raw data and leveled grids 100 m line spacing 
12.5 m station spacing De Beers Canada 8, Appendix II-4 

SJV Geophysics ground MaxMin 
survey 1998 Scanned image of 880 Hz 

apparent resistivity 
100 m line spacing 
40 m station spacing 

New Claymore 
Resources Ltd. 11 

De Beers MaxMin survey 1990 Raw data: 222 and 888 Hz 100 m line spacing 
50 m station spacing De Beers Canada Appendix III-3 

Resistivity imaging 2003 4.8 line kilometres of inverted 
sections 

15 m electrode spacing; 
maximum offset 1,080 m Komex International Ltd. 12, 13, 14 

De Beers gravity survey 1990 Processed data and grids 100 m line spacing 
50 m station spacing De Beers Canada 15, Appendix IV-1, Appendix 

IV-2 
Sigma geophysics: seismic line PK-
4 1979 CMP stacked section Oilfield quality Sigma Exploration 16, 17, Appendix V-1 

Seismic reflection line 76-CRA-21 1979 CMP stacked section 67 m geophone spacing Devon Canada 16, Appendix V-2 

Seismic reflection line 22673 1980 CMP stacked section 67 m geophone spacing Imperial Oil Resources 16, Appendix V-3 

Seismic reflection 2003 1.0 km of high-resolution 
reflection data 

4 m geophone spacing 
8 m shot spacing 
240 channels 

Komex International Ltd. 16, 18, Appendix V-4 

Geophysical logs 
12-36-74-25W5 1982 Micro-fiche Gamma, dual induction, sonic 

acoustic, neutron, density 
Alberta Energy and 
Utilities Board Appendix VI 

Geophysical logs: ML95-1 and 
ML95-3 1995 LAS files Gamma, resistivity, SP, density, 

porosity, caliper, sonic, neutron Leckie et al. (1997) Appendix VI 
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survey was flown by Sander Geophysics, who were flying a larger exploration program in the same 
region (Dunvegan Block Proprietary Survey), using a small fixed wing aircraft. Some of the regional lines 
were included in the dataset. The details of the survey geometry are given in Table 2.  
The objectives of the study were to define the magnetic signature of the intrusive, map any other 
intrusives in the area and identify any relationship between the intrusive and regional faults (Pierce, 
1997). The Mountain Lake Intrusion was identified as a small (6 nT) anomaly (Appendix II-Figure 1). No 
other anomalies were identified in the area. Data filtering designed to image faults, showed that there was 
no observable relationship between faults and the intrusion. GEDCO interpreted the intrusion to have a 
strike length of 1,450 m in a N30ºW orientation. They also interpreted the body to have a width of 450 m 
and a minimum depth extent of 1,500 m. Details of the modelling undertaken by GEDCO are presented in 
section 2.3.1.  

2.1.2 Terraquest Data Set 
New Claymore Resources Ltd. contracted Terraquest Surveys to collect a fixed-wing airborne magnetic 
survey over their “Kimberley Prospect.” The details of the survey are given in Table 2. The total magnetic 
field shows similar features to the GSC data (Appendix II-Figure 1). The Mountain Lake Intrusion is seen 
as a subtle anomaly on the western flank of a broad regional magnetic high. Three prominent pipelines or 
powerlines are seen in the data (Figure 3). The computed vertical derivative of the field shows the 
Mountain Lake Intrusion clearly as two lobes of high amplitude (Figure 4). Many small high amplitude 
anomalies caused by wellheads, buildings, trucks, and other isolated cultural features can be seen in the 
image. A digital elevation model for the area was constructed using the terrain clearance measured by the 
aircraft and the GPS elevation, which was recorded as part of the magnetic survey (Figure 5). The 
intrusion is visible as a small topographic high located on the northern edge of a major upland area. 

2.1.3 Geoterrex Data Set 
The magnetic data collected during the GEOTEM survey have the highest resolution due to the lower 
elevation of the bird, and the combination of tightly spaced flight lines and tie lines (Figure 6). A small 
total field anomaly (approximately 10 nT) is observed over the intrusion (Appendix II-Figure 2). The 
vertical gradient of the field shows a well-defined elongate anomaly striking north-northwest with a width 
of 250 m and a strike-length of 1.5 km (Figure 7). 

2.2 Ground Magnetic Surveys 
Two ground magnetic surveys were undertaken over the intrusion. Both surveys used 100 m spaced lines, 
oriented in a south-north direction (Table 2). The data collected for Lucero Resource Corporation by SJV 
Geophysics were only available as an image file (Appendix II-Figure 3). The data supplied by De Beers 
Canada are shown in Figure 8. The data were re-levelled using microlevelling techniques and a large 
cultural anomaly has been removed from the eastern side of the grid. The intrusion is seen as two strong 
magnetic anomalies separated by a saddle. The northern anomaly is slightly stronger (20 nT). 

2.3 Magnetic Modelling 
The magnetic response of the intrusion was studied closely in the airborne and ground magnetic data. 
Profile L2 (Figure 8) was used to compare the responses of all of the surveys and look at the effects of 
upward or downward continuation of the field. The anomaly over the intrusion is a single peak, with a 
half-width of approximately 250 m. The reference magnetic field in the area is 59 000 nT with an 
inclination of 77.6o and a declination of 22.3o, indicating that the body is directly below the peak 
response. 
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2.3.1 GEDCO Modelling of Airborne Data 
GEDCO undertook a detailed three-dimensional modelling study of the intrusion using the GSC data. 
They modelled a diatreme with a strike length of 1,400 m, a width of 450 m at 200 m depth, and a depth 
extent of 1,500 m (Figure 9). A magnetic susceptibility contrast of 40 µcgs units (0.5 mSI) was used in 
the modelling. 

3 Resistivity Signature 

3.1 Introduction to Resistivity and Conductivity Surveys 
Electrical resistivity information is available from four different geophysical surveys and three 
geophysical logs. Resistivity is a measure of the electrical properties of the earth. Resistivity data are 
usually obtained using a geophysical method that induces current into the ground using galvanic coupling 
(e.g., Direct Current resistivity sounding or a resistivity log). The units of resistivity are ohm-metres 
(ohm•m). Conductivity is the inverse of resistivity, with units of Siemens per meter (S/m). For typical 
sedimentary rocks, conductivity is presented in the units of mS/m. Conductivity data are usually collected 
using an induction method such as airborne frequency domain electromagnetics or an induction log.  

For typical sedimentary rocks, electrical resistivity and conductivity is controlled by the porosity, 
saturation, the salinity of the pore fluids, and the clay content of the matrix. Rocks with high clay content 
or high salinity in the pore fluids are conductive. Rocks with low porosity, low salinity water or gas in the 
pore spaces, and low clay content, are resistive (Palacky, 1987). 

3.2 Terraquest Very Low Frequency Electromagnetic Survey (VLF) 
The Terraquest airborne magnetic survey conducted in 1999 collected a Total Field Very Low Frequency 
(VLF) dataset over a regional grid (Terraquest, 1999). The data are highly affected by drift and noise, but 
a subtle anomaly is observed over the Mountain Lake Intrusive (Appendix III-Figure 1). Very Low 
Frequency surveys are used routinely for mapping overburden thickness and bedrock fractures, but the 
lack of penetration in a conductive sedimentary environment prevents them from being useful for 
exploration in northern Alberta.  

3.3 Geoterrex Transient Electromagnetic Survey (GEOTEM) 
Transient Electromagnetic Methods (TEM) are more useful in a sedimentary setting because the depth of 
penetration is greater than that of a frequency domain system such as VLF. The GEOTEM system has 
shown significant anomalies over other kimberlite pipes in Alberta (New Claymore Resources, personal 
communication) and Fort á la Corne, Saskatchewan (Jellicoe et al., 1998). The system has been widely 
used in kimberlite exploration on the shield in the Northwest Territories (Smith et al., 1996).  

The airborne transient electromagnetic survey flown by Geoterrex (GEOTEM) over the Manon Property 
was collected with a line spacing of 200 m, a base transmitter frequency of 30 Hz and a three-component 
receiver measuring the time rate of change of the magnetic field (dB/dt). The mean terrain clearance for 
the plane was 120 m and the bird was suspended at an elevation of 64 m. Figure 6 shows the flight lines 
over the Mountain Lake Intrusion. Data processing included drift removal and normalisation to the 
transmitted field. The data supplied by the contractor were stacked profiles of transient decay curves for 
all three components expressed in parts per million (ppm) of the primary field. Stacked profiles (Hz - 
component) for three adjacent flight lines over the intrusion are shown in Figure 10. A subtle anomaly is  
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seen over the intrusion with the most marked increase in amplitude appearing in channel 7 (0.391 ms 
delay time). The anomaly decays rapidly, so by later times the response is flat. This pattern of decay 
suggests that the GEOTEM data are responding to a shallow conductive body that does not have any 
significant depth extent.  An amplitude map for the vertical component (Hz) at an early decay time 
(channel 7) shows a scattered pattern of conductive and resistive bodies across the detailed study area, 
making identification of the intrusion difficult (Appendix III-Figure 2). 

3.4 Ground Electromagnetic Surveys 
In the 1990’s, ground based geophysical investigations designed to image the resistivity structure of the 
kimberlite were undertaken by De Beers Canada and Lucero Resources Corporation. Several types of 
ground based electromagnetic methods have been used to map kimberlites in Alberta. The cheapest and 
most cost-effective exploration tool is the MaxMin multi-frequency method (Frischknecht et al., 1987). 
The MaxMin system is a horizontal loop EM method that relies on different coil separations and different 
frequencies to sound the earth between depths of several metres and several hundreds of metres. The data 
are collected along profiles and plotted as curves of In-Phase and Quadrature Phase responses at the 
different frequencies. Both Lucero and De Beers collected MaxMin data on a grid over the Mountain 
Lake Intrusion. The Lucero data, which was completed by SJV Geophysics, are only available as a 
scanned image of apparent conductivity computed for the 888 Hz readings (Figure 11). The Mountain 
Lake Intrusion is present as a conductive body that coincides spatially with the magnetic anomaly. The 
approximate depth of investigation of the 888 Hz data with a coil separation of 160 m is 50 m.  

The MaxMin survey from De Beers was supplied as observed data at both 888 and 222 Hz, for a coil 
separation of 200 m. These two frequencies are collected because they have the closest depths of 
investigation to an airborne multi-frequency system such as the DIGHEM® system (Bruce McMonnies, 
personal communication). A colour contour plot of the In-Phase component at 888 Hz is shown in 
Appendix III-Figure 3. Both the 222 Hz and 888 Hz data show distinct anomalies over the Mountain Lake 
Intrusion, the area directly south of the body, and the extension of the body to the northwest. Attempts 
were made to invert the two frequencies of EM data to derive resistivity cross-sections. The preliminary 
results are encouraging but the inversion is limited by the small number of frequencies collected. MaxMin 
data with 5, 9, and 11 frequencies can be collected with modern MaxMin systems. 

3.5 Resistivity Surveys 
In 2002, Komex collected three lines of deep resistivity across the intrusion (see Figure 6 for locations). 
Electrical resistivity tomography (ERT) data are collected using a linear array of 81 electrodes connected 
to a resistivity transmitter/receiver and an electrode control box. Apparent resistivity values are 
automatically calculated and recorded on a laptop computer. The acquisition program sweeps through 
combinations of different current (input) and potential (measurement) electrodes to produce a cross-
section of apparent resistivity (a pseudosection) covering the length of the array (Dahlin, 1995). The 
observed cross-section is converted into a more realistic cross-section of resistivity by numerical 
inversion of the pseudosection (Loke and Barker, 1996). Topography was included in the inversion to 
correct for variations in electrode elevations.  

3.5.1 ERT Line L1 
Line L1 (Figure 12) was collected with a minimum electrode spacing of 15 m, and the inverted section 
extends to a depth of 200 m. The figure shows line L1 extending from the top of the topographic high, 
northeastwards to the road. This line is coincident with Devon seismic line 79-CRA-21. The intrusion is 
clearly imaged as a conductive zone, extending to a depth of 75 m under the hill. There is a thin veneer of 
resistive cover over the hill. On the flat portion of the line the surficial layer is greater than 30 m thick and 
has a resistivity of 30 ohm•m. Between stations 400 and 750, the surficial layer is broken into three 
discrete bodies. 
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3.5.2 ERT Line L2 
Line L2 was collected first with a minimum electrode spacing of 15 m then repeated with a spacing of 30 
m. The line extends for 2.4 km and is centred on the topographic high. This line is coincident with two 
seismic reflection lines (Komex line MNT-2002-2 and Imperial line 22673). The resistivity inversion 
(Figure 13) shows the same characteristic conductive zone under the topographical high as is seen on 
ERT line L1. Borehole ML95-3 is located on the western edge of the conductive anomaly. There is a thin 
veneer of resistive cover over the hill. Over the flat sections of the line, the base of the surficial zone is at 
a depth of 30 m. A resistive bedrock unit extends to a depth of 90 m. A major contact is seen across the 
entire section at a depth of 280 m. A resistive anomaly under the topographical high may be evidence of 
an intrusive zone (diatreme) at a depth of 250 m.  

3.5.3 ERT Line L3 
Line L3 was collected with a minimum electrode spacing of 15 m and the inverted section extends to a 
depth of 200 m. The line bends towards the northeast in the vicinity of well ML95-1. The inverted 
resistivity section shows a similar image of the overburden. A conductive zone, possibly related to the 
intrusion extends to surface in the vicinity of the test hole ML95-1 (Figure 14). 

3.6 Resistivity Logs 
Resistivity logs are available from boreholes ML95-3, ML95-1 and oil well 12-36-74-25W5. The logs are 
shown in Appendix VI. The weathered ultrabasic rock intersected by ML95-1 and ML95-3 shows a wide 
range of resistivity values, but generally the pyroclastic material are less than 50 ohm•m. Well 12-36-74-
25W5 was cased to a depth of 300 m, so resistivity data from this well can only be used to constrain the 
resistivity values of the deeper sedimentary units. 

4 Gravity Signature 

4.1 Gravity Survey 
De Beers collected a dense grid of gravity data over the Mountain Lake Intrusion at a station spacing of 
50 m along lines spaced 100 m apart. A positive Bouguer Gravity anomaly of 0.3 mgal was observed over 
the intrusion. The lateral extent of the gravity anomaly is very similar to the magnetic anomaly (Figure 
15). A simple half-width interpretation of the gravity data suggests a source depth of approximately 250 
m. Detailed modelling has been performed by Komex using geometry constrained by the resistivity and 
seismic data, and densities derived from the borehole logs. The modelling is discussed in section 6.1. 

4.2 Density Logs 
Density logs are collected routinely by the oil and gas exploration industry, but are rarely collected for 
mineral exploration. Density logs were collected in wells ML95-1 and ML95-3 (Appendix VI). The fresh 
and weathered kimberlite is characterised by slightly higher density (2200 to 2400 kg/m3) than the 
surrounding tills (less than 1800 kg/m3), sandstone (1900 kg/m3) and siltstone (2000 kg/m3). Density data 
from oil well 12-36-74-25W5 was available below the surface casing (400 m). These densities show 
typical values for Cretaceous shale and sandstone (Appendix VI). 
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5 Seismic Signature 

The potential for using seismic reflection data collected for hydrocarbon exploration for mineral 
exploration has been discussed in the literature (e.g., Hearst, 1998). In this section, we compare the 
information from three regional seismic reflection sections with that from a high-resolution seismic 
reflection line. 

5.1 Oil Industry Seismic Lines 
Six seismic lines have been collected over the intrusion. Five of the lines were collected by oil and gas 
exploration companies and were designed to image deep sedimentary targets. Three of the lines (Sigma 
Explorations line PK-4, Devon line 79-CRA-21 and Imperial line 22673) have been provided for this 
study by the respective owners. In addition, Komex completed a high resolution seismic reflection line, 
MNT-2002-2, for this study. The location of all seismic lines is shown in Figure 16. The seismic data 
were used to help constrain the geometry of the intrusion. The interpretation of the seismic lines is based 
on the synthetic seismogram created from the sonic and density logs collected in well 12-36-74-25 W4M. 

The regional lines show strong near-horizontal reflectors throughout the sections. The shallowest portion 
of the sections consists of fine-grained sandstone of the Wapiti Formation. Prominent reflections 
associated with high seismic velocity sandstone and carbonate is observed to correspond with the 
Cretaceous Dunvegan sandstone (400 msec), the Lower Cretaceous Paddy sandstone (650 msec) and a 
zone of strong reflectivity that starts beneath the Bluesky (830 msec) related to Jurassic Nordegg 
Formation carbonates (910 msec). There are no know carbonates above the Nordegg Formation and the 
upper 910 msec the section consists primarily of alternating sandstone and shale with weaker reflectors 
corresponding to more shaley members of the section.  

Near the intrusion, reflectors on all three seismic lines are discontinuous and show irregularities 
associated with interference patterns caused by strong lateral velocity variations. The velocity variations 
result in strong out-of-plane diffractions in the data. The diffractions are observed on seismic lines that 
cross the intrusive at various azimuths and occur throughout the entire depth range of the data. This 
observation lends credence to the interpretation that the Mountain Lake Intrusive and its associated root is 
responsible for the diffraction pattern. The diffraction patterns are strongest near the prominent reflectors 
described above. An additional possibility to explain the contrast in velocity causing the diffractions is 
that, in addition to the root itself, a zone of fractured rock surrounding the root results in lower seismic 
velocity values. Finally, pull-up and pushdown of reflectors at different depths in the seismic sections 
may partly be the result of interference, and not necessarily velocity. This is discussed further in the next 
sections. 

5.1.1 Sigma Explorations Line PK4 
Sigma Explorations Inc. provided seismic reflection line PK4 for this study. The west to east line 
collected along the secondary highway 676 (between township 74 and 75) and just north of the 
topographic surface expression of the intrusive. The line is a 12-fold common midpoint stack collected in 
1979 using dynamite as a source and having geophone groups spaced 67 m apart.  

Line PK4 (Figure 17) shows a sequence of strong diffraction patterns starting at the Dunvegan sandstone 
reflector and extending to the bottom of the section. These diffraction patterns are strongest at depths 
corresponding to the more prominent reflectors described above and are believed to be the result of 
energy scattered from the kimberlite pipe back into the section. Because they are observed down to the  
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bottom of the section, it appears that a velocity contrast between the faster members of the host rock and 
the root of the intrusive exists throughout most of the section. The increasing apparent velocity of the 
diffraction (broader hyperbolae) as a function of depth also supports this model. Some of the stronger 
diffractions have been highlighted in Figure 17 in red, and their apex coincides with the centre of the 
magnetic anomaly observed in Figure 8. 
  
A slight apparent pull-down at the Dunvegan reflector (CMP 770, 400 ms) appears to be the result of 
diffraction interference and not of an overlying lower velocity zone. This is substantiated by the lack of 
push-down in the deeper part of the section, including the Base of Fish Scales shale horizon (525 msec). 
Significant pull-up is observed in reflections at depth below this point. This may also be caused by 
interference with diffractions, since the differential increase in velocity necessary to cause this localised 
response is not supported by laterally continuous, fast seismic velocities associated with Nordegg 
Formation carbonate. It is also possible that a larger volume of less fractured intrusive above the Nordegg 
carbonates contributes to the differential arrival times that cause pull-up. 

5.1.2 Devon Line 79-CRA-21 
Line 79-CRA-21 (Appendix V - Figure 2) is a southwest to northeast trending profile collected 
approximately normal to the strike of the north-northwest trending intrusive (see Figure 16 for location). 
Electrical resistivity tomography line L1 was collected along the same cutline as 79-CRA-21. The seismic 
section is a 12-fold common midpoint stack collected with geophone groups spaced 67 m apart, which 
results in a trace spacing of 33.3 m. 

The travel time to specific reflectors along Devon Line 79-CRA-21 is approximately 100 msec greater 
than on all other lines due to a discrepancy in datum and replacement velocity. Although different datum 
elevations and replacement velocities were used for all lines, the remaining sections available in digital 
form were shifted to a common datum, determined by the synthetic from well 12-36-74-25W5.  

The section extends to a maximum record length of 2 seconds. The data quality and continuity of 
reflectors is similar to that observed on line PK-4. Diffractions are observed extending to almost the 
bottom of the section below the location of the surface expression of the intrusive. In addition, an 
inverted-cone shaped zone of noisier data suggests significant scattering in the area of the intrusion. A 
weak reflector at 300 msec is almost continuous through the noisy signal zone. Reflections from the 
Dunvegan and Paddy sandstone are strong on the section. In the deeper part of the section, diffractions 
appear more clearly as interference patterns resulting in laterally varying amplitudes. 

5.1.3 Imperial Line 22673 
Imperial Line 22673 (Appendix V - Figure 3) is a west to east seismic line collected over the centre of the 
intrusion (Figure 16). A gap in the shallow portion of the section near the location of the intrusion 
suggests that shot records from shot points over the intrusive were not used during processing. This was 
probably done to avoid the signal degradation observed near the intrusion in the two previous lines and 
makes sense for a survey with a deeper target.  

The profile is coincident with the high-resolution seismic reflection line discussed below and provides 
good constraints on the deeper reflectors in the section.  

5.2 High-Resolution Seismic Line MNT-2002-2 
In 2003, Komex collected a high-resolution seismic reflection line using University of Alberta equipment 
across the intrusion (Figure 18). The profile is a migrated section. The line was shot from west to east 
along the same cut line as Imperial Line 22673. The data were collected using 4 m geophone spacing, a  
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240 channel recording system and an 8 m shot point interval. An accelerated weight drop was used as a 
source, which provides comparable frequencies in the shallow part of the section to a dynamite source. 
The disadvantage of the weight drop is the lack of signal penetration relative to dynamite. The reason for 
collecting this dataset was to characterise the near-surface portion of the intrusive and to help interpret 
regional seismic lines that are available across the province. 
 
The section shows strong reflections from the Dunvegan and Paddy formations. These units correlate with 
interpretations made on the coincident Imperial line 22673 and the well log from 12-36-74-25W5. 
Laterally continuous reflectors on the east side of the intrusion lose their coherence below the 
topographical expression of the intrusion. An approximately trapezoidal zone of complex reflections is 
observed in this area that narrows with depth. There are laterally continuous reflections within the 
disturbed zone, both suggestive of horizontal layering and concave upward structure possibly associated 
with the intrusion. The logs from wells ML95-3 and ML95-1 (Leckie et al., 1997) suggest alternating 
layers of sediments and intrusive, which would be consistent with indications of sub-horizontal 
reflections in the western portion of the disrupted zone, essentially between the two wells (Figure 18).  

Although there is no evidence of diffractions in the migrated section, there is a clear indication of 
structure within the disturbed zone, and the complexity of the section suggests a likely source for the 
diffractions observed in the lower resolution regional lines.  The difference in resolution between the two 
sections is significant.  Geophone and shot spacing of the regional lines are 67 m and greater than 300 m. 
In contrast the high resolution line was collected with 4 m geophone intervals and 8 m shot intervals. This 
increase in fold, and reduction in CMP spacing in the near-surface, results in a significant increase in the 
lateral resolution in the shallow part of the section. However, the low energy source used in the high-
resolution survey reduced the quality of data in deeper parts of the section.  

5.3 Sonic Logs, Density Logs and Synthetic Seismograms 
Sonic velocity and density logs are crucial to generate synthetic seismograms used in the interpretation of 
seismic reflection data. Density data derived from logs are also used for modelling gravity anomalies over 
kimberlite. The sonic velocity of the weathered kimberlite and tuffs is highly variable. Massive kimberlite 
has a higher velocity than the surrounding sediments. 

The synthetic seismograms created from the sonic and density logs from well 12-36-74-25W5 have been 
superimposed on all seismic sections, and tops of various formations, based on the full suite of logs 
collected in the well, are displayed on the sections. 

6 Integrated Geophysical Interpretation along Line L2

6.1 2D Modelling of Magnetic and Gravity Data 
Line L2 (see Figure 6) was used as a profile for two-dimensional modelling of the ground magnetic and 
gravity data. This profile was chosen because it is approximately perpendicular to strike, it has coincident 
resistivity and seismic profiles, and well ML95-1 is on the line.  

The modelling was completed using the GM-SYSTM package. A regional trend was subtracted from the 
total magnetic field and the Bouguer Gravity to yield a residual anomaly for each dataset. The geometry 
of background sedimentary layers was fixed using the seismic and borehole data. Magnetic 
susceptibilities and densities were fixed using the properties derived from the borehole geophysical logs 
(Table 1). Remanent magnetisation has been ignored due to a lack of information. The shape of the total 
field anomaly suggests that remanent magnetisation is very low (Pierce, 1987). The inducing field was 
fixed to the International Geomagnetic Reference Field (IGRF) with an inclination of 76.5o and a 
declination of 22.3o. Figure 19 shows the best fitting model based on both the gravity and magnetic data. 
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The gravity data are most sensitive to density variations in the top 50 m. The magnetic data are sensitive 
to the magnetic susceptibilities of the body at approximately 200 m depth. Alternative modelling, 
including a simple diatreme, interfingered kimberlitic rock and sediments, and lateral offshoots (as 
imaged by the resistivity data) are shown in Appendix VII. The fit to the data of these alternative models 
is marginally worse than the best fitting model (Figure 19). 

6.2 Interpretation of Seismic and ERT Data along Line L2 
Shallow stronger reflections observed in the upper portion of line MNT-2002-2 (L2) correlate with the 
more resistive shallow till layer observed in ERT line L2. On the ERT section, this layer appears as a thin 
veneer over the top of the topographic expression of the intrusion thickening significantly west and east of 
the hill. 

The more conductive portion of the intrusive beneath the hill correlates with the narrowing disturbed 
reflectivity zone observed in the upper part of the high-resolution seismic line.  

The major contact observed in the ERT data at a depth of 280 m is consistent with a reflection at 
approximately 250 msec, particularly east of the intrusion and possibly in the western portion of the 
disturbed zone. The depth of this interface correlates with the top of the Kaskapau Formation. 

Below the conductive zone, underlying the topographical expression of the intrusion is a transition zone 
where there is no resistivity contrast between the intrusion and the host rock.  

7 Conclusions 

The Mountain Lake Intrusion has a distinct topographic, magnetic, resistivity and gravity response. The 
intrusion is elevated approximately 30 m above the surrounding terrain. It produces a 10 nT magnetic 
anomaly, a 0.3 mgal Bouguer gravity anomaly and has a 50 m thick conductive core (< 10 ohm•m). 
Deeper parts of the intrusion (250 to 400 m) are modelled with magnetic and resistivity data to have 
subtly elevated magnetic susceptibility (10 mSI) and elevated resistivity values (30 ohm•m). 

In the seismic reflection data, the recognition of intrusive bodies is based on: 
 

• a disruption of the lateral continuity of seismic reflectors, usually distributed over an inverted-
cone shaped portion of the seismic section;  

• the presence of strong diffractions extending to depth in the section and having an apex that 
coincides with the topographical and other geophysical expressions of the intrusive; and  

• interference patterns between the diffractions and horizontal reflectors that may result in apparent 
pull-up and push-down in different parts of the section.  

 
The analysis of a high-resolution seismic reflection profile, which was collected over the intrusive, sheds 
some light on the geometry of the disturbed zone and on stratigraphy and structure within the disturbed 
zone.  
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