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Introduction 
In March, 1999, a combined geophysical field team from the Kansas Geological Survey, Oak Ridge 
National Laboratory, and the Geological Survey of Canada, performed some experimental high 
resolution seismic testing at the Mallik drill site in the Mackenzie Delta, Northwest Territories, 
where drilling and sampling had previously identified gas hydrates at depth beneath a thick 
permafrost zone. 

In this information document, we show data from this seismic test, along with comparisons and 
observations significant to the effective use ofhigh resolution imaging and important considerations 
about high resolution operations in this environment. Included are discussions and examples based 
on previous studies at this site, data acquisition, processing, correlation of results with other data sets 
and some recommendations for future surveying. 

Background Information 
Large volumes of natural gas can be contained in small volumes of clathrate hydrate, an ice-like 
substance that is found in the pore spaces of sediments and sedimentary rocks worldwide where 
specific high pressure and low temperature conditions exist. 

The detection and delineation of natural gas hydrates are important since: 
- they represent a significant energy suppl y if they can be economically produced; 
- they are recognized as drilling hazard because of high dissociation pressures produced; 

in the long term, their dissociation in the sea bottom and on land may have an adverse impact 
on global climate should geothermal gradients change in some areas of the world. 

Typical conditions for hydrates formation are met in sub-sea bottom sediments of continental 
margins between depths of 1200 and 1500 m below sea surface, and, in polar regions on land where 
permafrost and significantly lower ground temperatures allow their formation from shallow depths 
of200 m or less to depths beyond 1000 m. In the Mackenzie delta in the western Canadian arctic, 



the presence of thick permafrost and low near surface temperatures promo te conditions for hydrate 
stability. Where significant gas hydrates are found in the pore spaces of sedimentary rocks, 
measured compressional- (P-) and shear- (S-) wave velocities of the rock resemble those un der ice­
bonded permafrost conditions. Where permafrost and gas hydrate pressure-temperature stability 
zones differ, then seismic velocities can be used confidently for mapping purposes (e.g. below the 
base of permafrost). 

The field site 
The field site for this test is within the Mallik gas field located at the edge of the Mackenzie River 
delta approximately 130 km (by ice road) north of the nearest settlement oflnuvik (Figure 1). The 
terrain is basically flat, white, and cold in winter and flat, treeless and marshy in sumrner. 

The Mackenzie delta area contains a thick sequence of oil and gas bearing Tertiary and Cretaceous 
sedimentary rock capped by Quatemary sediments. Permafrost thickness varies between 0 and 650 
meters or more depending on the surface influence of the Mackenzie River and the Arctic Ocean. 
Figure 2 shows the depth to the base of ice bearing permafrost ( after Majorowicz and Smith, 1999) 
based on analyses of exploration wells in the Mallik area. At the Mallik L-38 site the base of ice 
bonding is interpreted to be at approximately 600 m depth. Figure 3 shows the depth to the base of 
the hydrate stability zone as derived from geothermal temperatures measured in exploration wells 
(Majorowicz and Smith, 1999) in the area. The base is estimated to be at approximately 1200 mat 
the Mallik L-38 site. 

The Mallik area was first drilled by Imperia! Oil Ltd in the early 1970's. This site was chosen for 
research drilling by the JAPEX/JNOC/GSC gas hydrates research team headed by Dallimore, 
Uchida, and Collett of the GSC, JAPEX and USGS respectively, based on well logs for Mallik L-38 
which indicated the possible presence of gas hydrates at depth beneath the permafrost layer. The 
Mallik 2L-38 well, drilled in January-February of 1998, 102 meters away from the original well, 
encountered substantial gas hydrates zones at slightly different depths and apparent thicknesses. The 
findings of this most successful drilling program are documented in GSC Bulletin 544 (Dallimore 
et al., 1999). 

Previous seismic work 
Figure 4 shows an example of the regional seismic reflection surveying obtained by Imperia! Oil Ltd 
in the vicinity of the Mallik site. The regional structures strike NW-SE, and consist of folded and 
faulted structures. These data were acquired in 1984 and reprocessed as part of the Mallik 2L-38 
study published by Collett et al. (1999). This is conventional seismic data using a dynamite source, 
group spacing of 40 m and a nominal fold of 15. The dominant frequencies of reflectors are in the 
20-40 Hertz range. The zones of gas hydrates and free gas as defined by Collett et al. ( 1999) are as 
shown. 

Figure 5 shows the interval and average velocity logs derived from acoustic and crystal cable logs 
from the Mallik L-38 well. The geological units are, from top to bottom: 

• The Iperk formation - Plio-Pleistocene age - coarse-grained sandy sediments with 
conglomeratic beds, 
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• The Mackenzie Bay formation - Oligocene-Miocene age - sand dominated with some fine­
grained units, 

• Kugmallit formation - Oligocene age- interbedded sand and silt units. 

All formations are weakly cemented, the Iperk and Mackenzie Bay are ice-bonded or ice bearing 
within the permafrost zone. 

Near surface, there are no borehole logging data due to surface casing, so permafrost velocities in 
that range are estimated to be about 3000 mis. Within the permafrost zone, velocities reach as high 
as 4000+ mis, generally associated with coarse-grained sediments in grain-to-grain contact with 
interstitial ice. Note the velocity minimum at approximately 330 m depth associated with the Iperk­
Mackenzie Bay boundary. This zone is an essentially a non ice-bonded talik zone which persists 
throughout the area and is thought to be a result of past permafrost degradation and re-formation. 
The base of permafrost is a velocity gradient responding to the change in interstitial ice in the 
sediments. 

Large velocity contrasts can be seen in the zone of gas hydrates between 810 and 11 OO m depth, as 
these ice-like materials fill the pore space in a manner similar to ice bonding within the permafrost. 
In the recently drilled Mallik 2L- 38 similar hydrate conditions exist. The major exception is the 
lense at 810 m depth. It does not occur in the 2L-38 site. 

The spikes between 1500 and 1600 meters depth, well below the zone of hydrate stability, are 
lithological and correspond to limestone stringers. 

As might be expected, reflections could be generated from large velocity contrasts within the 
permafrost section in the 200-400 ms range. The high velocities zones associated with the gas 
hydrate layers between 850 to 1050 m depth generate strong reflections in the 600 to 800 ms range. 

In Figure 4 showing the conventional data, reflections within the permafrost are clearly visible as 
well as several events in the 650-1050 ms range associated with the gas hydrate layers. The 
frequency content is such that individual layering cannot be delineated. From this section, it is 
apparent that reflections associated with hydrate zones are not continuous but are concentrated at the 
top of the anticlinal form. 

The 1999 testing is concentrated in small area approximately 1 km wide at the apex of the anticline 
centered on the Mallik 2L-38 well where we have attempted to image the upper 1500 m of the 
section, to approximately a 1 second two-way travel time. 

1999 High Resolution Seismic Survey 
Two orthogonal seismic lines (N-S and E-W as shown in Figure 6) were surveyed in, so that the 
original 1972 well Mallik L-38 and the hydrate well Mallik 2L-38 were midway between the two 
lines. The positions of the lines were chosen after careful examination of the air-photos of the area, 
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in an attempt to keep the line positioned on firm ground and avoiding small ponds or river channels 
as much as possible. This was done to minimize potential static anomalies due to variable, near­
surface permafrost conditions (hence velocity anomalies). Permafrost temperatures, ice-contents and 
P-wave velocities can vary due to presence of ponding. In the surnmer time, this area is swampy and 
thermal anomalies (hence velocity anomalies) within the permafrost abound. Such anomalies are 
minimized by late winter (March-April). Data acquisition procedures that have been developed for 
near-surface applications were incorporated in this survey, and were essential to the success ofthis 
project. 

Figure 7 is an aerial picture of Line 1 looking easterly to the camp near the apex of the lines. Line 
1 has been cleared of snow to provide easy access for the Minivib source. Leveling to ground and 
clearing off sod was not allowed by the land use permits since permafrost degradation would result. 

Geophone selection and placement 
Different geophones were tested. Figure 8 is a picture of the deployment ofparallel strings of five 
Mark Products L28A 30 Hz geophones in one hole against three L28E 40 Hz geophones in the other 
ho le. Analysis ofthese data suggested that the 30 Hz vertical geophones were optimum for this site 
and that these higher-frequency geophones (higher than most conventional 8 to 15 Hz geophones) 
were essential to the recording of the higher frequency signal necessary to discem layers as thin as 
lOm. 

To ensure good coupling, holes for the geophone spikes were drilled by power drill as shown in 
Figure 9, and the geophones were effectively frozen into the ground. Experience has indicated that 
standard base plates do not provide sufficient coupling for low energy high frequency reflection 
surveying in these conditions unless great care is taken to prepare the ground surface and to load the 
geophone with tamped snow. The five geophones per trace were placed side by side in one hole dug 
through the snow to ground lev el. Blowing snow conditions prevailed most of the time and the ho les 
quickly filled in providing excellent wind noise reduction. 

For shear wave work, single 14 Hz GS-llS Geospace geophones were used, planted in a similar 
manner in SH orientation with coil axes perpendicular to the line of survey. 

Seismic Sources 
We realized that small dynamite sources at shallow depths on such a small spacing would be 
logistically difficult and probably forbidden in such an environmentally sensitive area. However, 
we did have permission to test the 8-gauge in-hole Buffalo gun using a 500 grain black powder blank 
shell, (the largest shell manufactured by Betsy Seisgun), in a shallow 2 inch bored ho le. This source 
is routinely used in high resolution surveying in non-permafrost regions. When shooting the Buffalo 
gun in unfrozen sediments, the blast deforms the soil and makes a small cavity around the chamber 
and energy is transmitted efficiently into the formation . However, in frozen ground, with the gun 
tamped by snow, energy transmission into the formation was found to be poor. Although somewhat 
useable records were obtained with this device, most of the energy was going into the air and there 
was no easy fix for the tamping problem. If it were logistically and fiscally possible, it is very likely 
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that freezing the gun in place would have provided significant energy and frequency enhancement. 

The source selected for this work was a winterized IVI Mini-Vib, supplied by Eagle Geophysics of 
Calgary as shown in Figure 1 O. This source can be operated in both vertical (P-wave) mode as well 
as in horizontal (SH-wave) mode. The area beneath the vibrator pad was hand-cleared of all snow, 
allowing direct coupling of the pad to ice or frozen sediments as shown in Figure 11. A significant 
drop on total energy and frequency content was observed at vibration points where the pad was 
coupled to the ground through snow. 

The source parameters for the Minivib are summarized in Table 1. Pelton Advance II electronics 
were used to control the vibrator sweep and provided both ground force and the synthetic. A total 
of six sweeps were recorded forclose offset data (50-500 m offsets), and eight sweeps were recorded 
for long offset data ( approximately 500-1000 m offsets). Each sweep was recorded individually and 
in an uncorrelated format, thus providing maximum flexibility for experimentation during processing 
with vertical stacking and pre-correlation processing. A 10 second 20-200 Hz up-sweep was 
generated for the P-wave data and an 8-second 10-80 Hz up-sweep was generated for the S-wave 
data. 

Array Geometry 
The geophone spread geometry as summarized in Table 1, consists of nominal 96 channel off-end 
shooting with 5 meter group spacing. Two source-first trace offsets were used, 50 and 520 m, 
resulting in shot gathers with the source-to-furthest offset of almost 1 kilometer. The geometry and 
the source spacing (10 m) remained the same for both the P- and S-wave surveying. 

Recording Parameters 
The recording parameters are shown in Table 1. Two Geometrics R-48 Strataviews were networked 
together with a standard record length of 12.3 seconds and a sample rate of 1 millisecond. Both the 
source synthetic and ground force were recorded as separate channels yielding 94 data channels per 
record, stored as SEG-2 format. 

Inspection of Shot Gathers 
Figure 12 is an example of a spectral-balanced P-wave shot gather from the combined offsets. Note 
the high-velocity ground roll, around 1500 mis, generated by surface permafrost conditions. Note 
also the presence of wide angle reflections out in front of the ground roll, as well as some large 
events riding on top of the ground roll at near normal incidence. With F-K filtering as shown in 
Figure 13, some events could be identified back to nearnormal incidence. However, large amplitude 
variations of reflecting events are found within one shot gather as though the reflector was not 
continuous over the length of the spread (about 1 km) . This phenomenon is pervasive on all shot 
gathers. 

In general the signal to noise was sufficient to 1 second depth, and hence real events are observed 
at depth from a single shot gather. 
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There is a question as to which offset window to use in stacking. Commonly we would use only the 
inner 96 traces; however, some of the wider angle reflections are quite prominent. Two different 
offset stacking windows have been examined on two different lines. 

Line 1 (E-W) 
Figure 14 shows some of the spectral characteristics of the P-wave data and the spectral balancing 
performed. Ground roll has predominant energy in the 20-60 Hz range, whereas the body wave 
energy is in the 40-120 Hz range. The data has been spectrally balanced in the 25-200 Hz range. 

The processing steps and flow sequence for the seismic lines are shown in Table 2. For Line 1, only 
the inner 96 traces were included in the processing sequence under the assumption that the near trace 
reflectors are least affected by refractive effects of high velocity near-surface permafrost zone. 

Figure 15 shows the E-W P-wave section (Line 1) processed by using the near trace information. 
The superimposed interpretation is shown in Figure 16, using the same color scheme for the gas 
hydrates stability zone and the geological interpretation as shown on the conventional seismic 
section of Collett et al. (1999). The events at shallow depth near 200 ms two-way travel time are 
associated with the velocity anomaly within the permafrost at the Iperk/Mackenzie Bay boundary. 
There are no prominent continuous reflection events associated with the base of permafrost beyond 
600 m. This probably results from the gradational nature of this velocity boundary. That is, velocity 
varies with ice-content, and ice content is decreasing with depth over a vertical distance of 1 OO m 
or more. Beneath the known permafrost zone there are a series of discontinuous events identified 
in red, which continue down to 1 second depth. Sorne of these deeper discontinuous reflection events 
can be broadly correlated with areas of known gas hydrates concentrations and the associated 
velocity anomalies from the wells. In general, we are seeing small areas of continuous reflective 
energy only. 

Figure 17(b) and ( c) show velocity-time inversions obtained from the application of Hampson­
Russell inversion software "STRA TA" to the East-West Line 1. "STRA TA" is designed for analysis 
of post-stack seismic data and development of geological models that are consistent with data. The 
inversions require well log data that can be correlated with the relevant portion of the stacked data, 
an estimate of the wavelet, and interactively picked horizons on the stacked section. Figure 17(a) 
shows a composite log derived from integrating data from both L-38 and 2L-38 sonic logs, adjusted 
to match the adjacent portion of the stacked data from Line 1. The adjustment is based on review 
of the near-vertical downhole VSP profiling and visual inspection of the synthetic seismogram 
derived from the log. Figure 17(b) shows an inversion of the data based on the "bandlimited" 
technique in "STRA TA'', using a constraint filter frequency of 40 Hz. Figure 17 ( c) shows an 
inversion based on the "blocky" method. Several reflections can be tracked across much of the 
section in the upper 350 ms within the permafrost zone. 

Both inversions indicate a continuous high velocity zone at 650 ms where hydrate was detected in 
the L-38 and 2L-38 wells. The strong correspondence between the shape ofthis high velocity zone 
and the picked horizon is characteristic of the "blocky" inversion method when applied to the se data. 
The uncertainty in picking horizons below 200 ms in the stacked section leads to questions about 
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the confidence one can have in inversions that rely on those picks. The "band-limited "inversion 
(Fig. 1 7 ( c)) is notas dependent on horizon selection, and shows less continuity in the known hydrate 
zone. 

Notwithstanding the lack of continuous horizontal correlations, the high velocity section associated 
with the permafrost zone is well defined by both inversion methods, and some of the detailed 
velocity structure of the base of the zone is evident. Correlation coefficients between the well logs 
and the stacked section (after stretching to produce the best match) give values less than 0.4, 
indicating a mismatch between the log and portions of the adjacent stacked section. 

There are some obvious lateral changes in the velocity structure throughout this section. These may 
be associated with lateral changes in ice content within the permafrost zone at shallow travel times 
(to 350-400 ms), or with lateral changes in hydrate concentrations in the pore space within the 
hydrate stability zone. They may also result from impedance contrasts (velocity-density) due to 
small quantities of free gas in the pore spaces or other lithological changes ( e.g. a shale-dolomite 
boundary). The anomalously high velocity zone associated with the known hydrate occurrences is 
well defined and can be traced laterally across the section as a series of high velocity lenses; this 
zone is not readily apparent from the raw processed reflection section alone. However, slight color 
variations (particularly in the "band-limited inversions), indicating lateral velocity variations, suggest 
the lenses are discontinuous within this zone. 

The Hampson-Russell inversion are best suited to applications where there are strong correlations 
between the adapted well logs and adjacent traces, and where several reflection horizons can be 
tracked across the entire section. The discontinuity of most reflections across our stacked section, 
presumably due to geological heterogeneity, and the moderate correlations between the L-38/2L-38 
logs and the stacked data, will diminish the utility of the inversion. Nonetheless, this processing 
suggest that velocity anomalies associated with the gas hydrate stability zone are pervasive across 
the section. 

Figure 18 shows the results of the application of a similar inversion processing technique on an E-W 
conventional seismic line oflmperial Oil Ltd of the early 1980's vintage. The line, estimated to be 
almost parallel to our Line 1 and close to it, was published by Sakai et al. (1999). As can be seen, 
the velocity color schemes are similar, and Sakai's results are grossly consistent with those based 
on the high resolution data, however, understandably at a somewhat lower resolution. 

Line 2 (N-S) 
Wider angle data from the second set of offsets (out to almost 1 km source-receiver spacings) have 
been incorporated in the processing of North-South Line 2. The processing steps are shown in Table 
2. 

Figure 19 shows the processed Line 2 section which includes all offset information, and Figure 20 
shows the superimposed interpretation. As in Line 1, there is a well-defined large amplitude 
reflection package associated with the velocity anomaly within the permafrost section at 
approximately 200 ms two-way travel time which is continuous across the 1 km line. (Note that 
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CDP' s 960 to 1000 include only the long offset data, shooting east to west towards start of line ). 
As can be seen, this section appears to show more lateral continuity of reflection events, but yet there 
are no continuously correlatable events across the section at depth that might be interpreted as one 
continuous gas hydrate zone. Instead, there appears to be a series ofreflectors, some of which are 
laterally correlative for a few hundred meters. 

There are several discontinuous reflection events which can be identified throughout the section 
beneath the permafrost zone, but above the hydrate zone as identified from the wells. These could 
be generated by velocity discontinuities associated with lithologie changes, presence of free gas in 
the pore spaces or with hydrate lenses, since these depths and ground temperatures are within the 
hydrate stability zone. 

It is also possible that some of the discontinuous events within the permafrost section might 
possibly be associated with hydrate lenses. Indeed, a ho le drilled by Dallimore of the GSC, a few 
kilometers south from this site in similar geological and temperature conditions, recovered gas 
hydrate samples within the permafrost section (Dallimore and Collett, 1995). 

Figure 21 shows the Hampson-Russell inversion results for Line 2 using the "band-limited" 
inversion option of the "STRATA" software, and a composite well log derived from L-38, 2L-38 
sanie and 2L-38 VSP data. High velocities are associated with the upper portion of the permafrost 
zone above the Iperk-Mackenzie Bay stratigraphie boundary. A velocity gradient boundary (300-
400 ms, two-way-travel time) is associated with the base of the permafrost zone. Enhancement of 
subtle reflection events within the permafrost required the use of an aggressive amplitude scaling 
routine which, as a consequence, has enhanced the apparent amplitude of reflections between the 
base of the permafrost and the top of the known hydrate zone as evident on sonic logs. 
Discontinuous high-velocity lenses appear between 600 and 900+ ms. These events have slight 
anticlinal seismo-stratigraphic forms over the length of the section, correlative with the anticlinal 
form interpreted on the conventional section of Figure 4. 

Resolution 
As an example of the difference in vertical and horizontal resolution between conventional and our 
high resolution sections, Figure 22 is a travel-time blow-up of a portion of the regional N-S 
conventional Esso Line 85251 published by Collett et al. (1999). The events identified as those 
associated with the hydrate zones in the Mallik wells constitute a few low frequency legs in the apex 
of the anticlinal seismic stratigraphy; the lowest of these events may also represent the phase 
boundary between hydrate and free gas, according to Collett et al. (1999). With the observed 
frequency content (dominant 30 Hz), the Fresnel Zone radius goveming horizontal resolution at 1 
second two-way travel time is approximately 196 m. The vertical resolution is approximately 35-40 
meters. Note that the shaded vertical strip on the section indicates the 1 km wide band which is 
effectively the width of the 1999 high resolution Line 2. 

In Figure 23, showing a travel-time blow-up of the high resolution section, we correlate the hydrate 
occurrences as given from the well logs (Dallimore et al., 1999) with a series of discrete reflection 
lenses within the known hydrate zone. Here the Fresnel Zone radius is 113 m and the vertical 
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resolution is approximately 10-15 meters. 

It should also be reiterated that the wells are 102 m apart, 45 degrees to the line and are between 72 
and 144 m off-line from the two high resolution lines; hence correlations should be considered 
tenuous due to the indicated discontinuous nature of the seismic stratigraphy. However, the general 
variability evident in drill data is remarkably similar to that observed in the high-resolution data. 
This apparent correlation in character, cyclicity, and thickness between reflections on the high 
resolution stacked sections and hydrate layers interpreted in Mallik L-38 and 2L-38 is completely 
transparent at this scale on the lower resolution, conventionally reprocessed seismic data displayed 
in Collett et al. (1999). Mapping hydrate layers at higher resolution should be extremely useful and 
likely essential in any future drilling research at this site, especially those involving deviated holes . 

In general, we believe that both the conventional and the high resolution data sets are giving similar 
results but at markedly different scales of resolution. From a regional perspective, the conventional 
data of Figure 22 indicates three or four high amplitude events over a vertical time interval of 250 
ms which may be associated with hydrate occurrences and which appear to be laterally discontinuous 
on the scale of 1 km or so. On a more site-specific scale, the high resolution data, with a factor of 
2 increase in vertical resolution due to increased frequency content and improved Fresnel zone radii, 
has mapped laterally discontinuous lenses on the scale of 1 OO or 200 m or so. Such laterally 
discontinuous lenses would not be separable as discrete events on the conventional sections, with 
lower frequencies and larger Fresnel radii. 

Lateral discontinuity is aptly indicated in Figure 17(a)- a correlation between a composite velocity­
depth function for L-38, a synthetic, and the processed data from high resolution Line 2. In general, 
there is reasonable correlation between synthetics and the observed section throughout the time 
range. Within the permafrost zone, reflection events are relatively continuous. However, below the 
base of permafrost and within the hydrate stability zone, the significant events on the section do 
correlate reasonably well with the synthetics where the well intersects the seismic section, but are 
not necessarily laterally continuous over long horizontal distances. 

Shear Wave Reflection Survey, Line 1. 
An SH survey was shot along the east-west Line 1 with similar geometry to that of the P-wave 
surveys discussed above (see Table 1). Figure 24 shows a 2-second shot gather of the near 96 trace 
data that has been spectrally balanced and F-K filtered to remove noise towards the front end of the 
record. This considerably enhances shallow reflection energy at near-normal incidence. Sorne quite 
prominent events can be seen with energy in the 10-30 Hz range in the upper half of the record along 
with a hint of some energy below 1 second. Love wave energy visible on the leading edge was muted 
prior to stacking. 

For reference, Figure 25, after Sakai et al. ( 1999), shows the travel time-depth relationship for both 
P- and S-waves obtained from near offset VSP shooting in Mallik 2L38. 

Figure 26 is a processed SH section using similar processing sequence to that discussed above ( see 
Table 2). In SH mode, within the permafrost section, the wavelengths are in the 60-75 m range, as 
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compared to average P-wavelengths in the 25-30 m range. Hence there is no improvement in 
vertical or horizontal resolving power by using shear waves within this zone. However, below the 
base of permafrost, the resolving power of shear wave reflectors (near 1 second two way travel time) 
is approximately 10 m vertically, with a Fresnel radius of 90 m, an improvement over that of the P­
wave section. 

There are several relatively continuous events in the upper 700 ms of the section which we postulate 
are associated with shallow lithology and ice-content variations. The base ofice-bearing permafrost 
is also the base of the more continuous reflection events. Below the base of permafrost, SH events 
are discontinuous, in a manner similar to that shown by the P-wave section. Since shear-wave 
velocities are largely unaffected by the presence of free gas in pore spaces, reflection events are 
generated by variations in density and shear moduli through variations in lithology and/or 
ice(hydrate) content. In general, SH reflection events are more continuous laterally than those shown 
on the P-wave sections. The continuities range up to a few hundred meters or more. 

Interpretations 
From initial processing of our results, some basic trends are emerging: 

1) with the application of high resolution surveying there is some improved spatial resolution of 
reflecting horizons, both laterally and vertically; 

2) beneath the permafrost zone, reflection events can be associated with known velocity anomalies; 
these anomalies result from the presence of significant gas hydrates in the pore space. The reflection 
events are laterally discontinuous over 200 m or so; hence significant lateral variations in the 
structure and concentration of gas hydrates lenses on the order of 200 m are inferred. 

The Future 
This preliminary analysis of our 2-D high resolution data from the Mallik area of the Mackenzie 
River delta have given some interesting insights into the nature of the interpreted gas hydrates 
structure. On the scale of the high resolution seismic reflection experiment done at the site, it is 
suggested that lenses of high concentrations of gas hydrates do not appear to be uniform and 
continuous over the length of our seismic sections (approximately 1200 m in length) in two 
orthogonal directions (N-S and E-W) close by the existing wells L-38 and 2L-38 . As a result, ifit 
is necessary to properly assess the 3-dimensional distribution of such gas hydrate zones at the 
Mallik, or at similar arctic permafrost-dominated sites, the application of3-D high resolution seismic 
techniques should be considered. Our KGS-ORNL-GSC high-resolution seismic research group is 
currently investigating the possibilities of3-D applications in arctic permafrost/gas hydrates areas. 
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Source 

IVI MINIVIB Eagle 
Geophysics 

Pelton Advance II controller 

#of stacks: 
Close offsets: 6 sweeps 
Far offsets: 8 sweeps 

Sweep specs: 
P-wave: 10 sec, 20-200 Hz 
S-wave: 8 sec, 10-80 Hz 

S wave survey: 
mass oriented transverse to 
li ne 

TABLE 1 

Geometry Recording 

96 channel, off-end shooting Two R-48 Strataview 
seismographs, networked 

5 meter trace spacing 

P-wave: 
5-30 Hz geophones/trace, 

(bunched) 

S-wave: 
1-14 Hz horizontal 
geophone/trace, 
transverse orientation 

source offsets: 
50 m and 520 m 

13 

Record length: 
12.288 sec 

Sample rate: 
1 ms 

source synthetic and ground 
force recorded ( channels 1 
and 49) 

Storage: 
uncorrelated SEG-2 



TABLE 2 

CMP Seismic Processing Flow 

-SEG2 to SEGY 
-roundup into 96 channels 
-define geometry 
-correlate with synthetic pilot 
-bad trace edit 
-vertically stack each shot station 
-first arrival mute 
-air wave/ground roll mute 
-match trace polarity 
-spectral analysis 
-spectral balance 
-amplitude balance 
-F-k filter (remove events w/ ground 

roll slope) 
-CMP sort 
-velocity analysis 
-surface consistent statics 
-comrnon offset statics 
-velocity analysis 
-normal moveout correction 
-residual statics 
-CMP stack 
-time variable frequency filter 
-AGC scale 
-migration filter 
-display 
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Figure 1: Location of the field site. 
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(after Majorowicz and Smith, 1999) 
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Figure 7: Aerial view of the high resolution seismic line, looking east. Recording shack 
is visible near centre of view. 
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Figure 11: Mini-Vib vibrator pad. Hydraulic actuators place vehicle weight onto the 
pad, ensuring good coupling with the ice or frozen ground. 
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Figure 17b: Line 1, Hampson-Russell inversion (band limited , 40 Hz) 
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Figure 17c: Line 1, Hampson-Russell inversion (blocky method) 

m/sec 

1726 

2485 

3243 

4002 

4761 

5519 



Velocity 
(m/s) 

4500 ~ 

3976 ~ 

239o ~ljlill 

1860 ~. 
~ i~· 

~ . 
200 meters 

1982 Conventional Section 
E · mu111mrmr1min•rPTnHttœttalliJ1'iaiibl&1n111 A.ttwmnm:rtmJeacMD'm, W 

100 

:· i: . <. ,:. . . , '" · ; ;, ~ •; .i11;1&t • -.if~:' .__,;, • f! ' ~' ~ ; :; .; : "\ f , '1'.'Y' : .'f •,, . . ·. '.- l 
'fr~:°!" '?~(til'ls· 'l4'Pl~f'1'f~V~ .. nnJ.kt · •·•"!i;lLh!:.'~ ·· ·'-··tj •. , ._,;• .~· i.,'l. 1, n:- , ,,,} 

.E~; ;i'.. -,·;; ::~:~:;i;~~ :'c;;!:i ::;;~; ::.•• ~~~!;.! î~ ·: ·~!:;;,, ;::?:~ -::1~-:~: 

. il !i. . 
" - lld! · ~ ·: _ , -·-·-·' . . ~- .• --··. . ... i t-·' ",,.. . .... - : ~ · 

. - ;~- t .. 

100 

200 200 

300 300 

---.. -1 U) 400 -· E 3 ..._.. 
CD 

Q) 500 ---.. 
E 3 ·- - "' 1-soo . 7 600 .._.. 

·: .-
..... ..__ ... 1 ~,,. .. -•• .,ài~l'c·: ~~· •: · .. ,, .... ~:•:J• ~.j ••tlJ'.._•.:.~ 

. 
700 700 

:~ "'· ... , .... , ·•. ..,, ... J.. • \"l' ll'l"Jl.it'...;? • ti ~..ll ''" " . .. • . . . ,.-."ll(i.J".,;S_.'.,j, ;,.~"' ~·~;'IUi:'~ · 1 '· •,·a- '° . ........,;,\-, • .> ~h , , ~·· ?f.>f 
~.~\; .. , ... \11 , ....... ,. •• ., "J"'f:""41 ., .. ~ r·.•·• • •' •t ..... :: ' If!,.•~ ~"' • ~ - - "° • ""M • .. 
......... •"'! ......... ,. • - ... .. ~ • • •:tt ............ ,')")'.'.:"t "-"i1' • -* 10" ,..,_,, . .,_,.....)-;,Il ~·~:t.,1 Jl1! ~~·i• 
. . 11, '• • ........... .. '* "' "' ~ ·-· .. • . . 

800 °'i'" ..... -t ... . t .,:: .--;.:r't.!))· :i..·J.~~ .. \" ~ -r - ~ • "' E -:,.."""-la f'Ji~ ~·_;·~ .. ~.. • • ,. . , 800 

900 
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Figure 21 : Line 2, Hampson-Russell inversion (band limited) 
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Figure 24 
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Figure 25: Travel time-depth relationship for P and S waves in Mallik 2L-38. 
(After Sakai, 1999) 
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Figure 26: Line 1 shear wave (SH) section . 




