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fact present. Since AX03-68 is a fairly altered portion of a gabbroic sill, a
sample from a well-studied area, was chosen to act as a reference slide.
Sample EL-84-50 is a portion of basaltic sill that was sampled on northern
Ellesmere by Williamson (1988; Figure 4.29). The sample is characterized
by a gabbroic mineralogy and texture. It was chosen as reference material
for ESEM spectral analysis because of the exceptionally low degree of
alteration, and well-documented mineralogy. Results of whole-rock,
“OAr/*°Ar step-heating analyses performed by Avison (1987) on this
sample yielded an age of 91 + 2 Ma (1) and (2) represent the Dark Crystal
and Mount Doom sills, respectively.

The preliminary analysis of the EL84-50 demonstrates a well-
preserved freshly cut sill that has unaltered plagioclase crystals (Figure
4.30). In thin section, olivines are generally cracked and iddingsitized
along the margins of these cracks. Figure 4.31 demonstrates that olivine is
present. Using the analysis, a comparison of the EL84-50 mineral phases
to those of the Wolf Intrusion sill (AX83-68), will help confirm the presence
of olivine and other mineral phases in the altered rock. Appendix A shows
all spectral analysis and greyscale images for EL84-50. The mineral
phases present are titanomagnetite, clinopyroxene, plagioclase, and

olivine. ESEM analysis of EL84-50 results in chemical spectrum and grey
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scale images for the mineral phases and will be compared to the Wolf
Intrusion sill (AX83-68).

Using the preliminary analysis of EL84-50 as a guide for the
mineral phases present, the testing of the sample AX83-68 took place. In
order to find a location where multiple mineral phases occur, a quick scan
of AX83-68 showed an area with three phases occurring concurrently.
This area, referred to as Area A (Figure 4.32a), shows light, medium, and
dark grey grains. The first grain, shown in light grey, produced a spectrum
comprising of titanium and iron (Figure 4.32b). The spectrum verifies that
titanomagnetite is present and is comparable to the first grain of EL84-50
(Refer to Appendix A). The second grain, shown in medium grey, displays
a spectrum with high silica and calcium values (Figure 4.32c). The
spectrum is similar to the spectrum of grain two of EL84-50, confirming
that clinopyroxene exists. Grain three, shown in dark grey, gives an
analogous spectrum to that of grain three of EL84-50. The spectrum
(Figure 4.32d) displays high Si, Ca, and Al values proving that plagioclase
is in fact present.

Another scan of the slide revealed a cracked grain comprising of
two different shades of grey. This area, is entitled Area B (Figure 4.33a). A
spectrum analysis of both phases of the grain show similar compositions
(Figure 4.33b and c). The lighter grey portion of the grain labelled 4a,

shows high Si and Fe values along with the darker grey labelled 4b. These
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spectra are similar to Grain 4 of the EL84-50 sample and suggest the
presence of olivine in AX03-68.
4.4.2.3 Compositional Maps

Compositional mapping is an easy way to investigate the presence
of elements and are most useful for med- to coarse grained intrusive rocks
in the search for massive sulphides. Each element is represented
independently with a different colour. Using the previously examined
AX03-68 from the above qualitative spectral analysis, Area A (Figure
4.32a) was used to test for elements including Fe, Ca, Ti, and Ni.
The first compositional maps, displayed in red, show the occurrence of
Fe?* (Figure 4.33a) and Fe*" (Figure 4.33b). A concentration of dots within
an area, indicate a high proportion of the specific element within an area.
Figure 4.33a illustrates the exact grain boundary seen in the greyscale
image for Area A, Grain 1. This agrees with the Spectral Analysis section
where the same grain was identified as titanomagnetite. The next
compositional map, 4.33c, shows the distribution of Ca within the sample.
Calcium is indicative of clinopyroxene and plagioclase, and the
concentration of the dots follows the grain boundaries of the two mineral
species. Compositional map 4.33d shows the occurrence of Ti. The
concentration of the dots follows the same grain boundaries of the
titanomagnetite. The last compositional map shows the occurrence of Ni
throughout the slide. Unfortunately, there was only time for one analysis;

as a result, the map shows no high concentrations of Ni. If time permitted,
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other sulphides could have been analyzed; however, the exercise
demonstrates the capability of the ESEM.
4.8 Summary

The geological map of the area shows all of the formations and structures that
make up the Strand Fiord Area. The faults generally trend east and north and the folds
north-south and northwest-southeast. The topography shows a very mountainous
landscape with u- and v-shaped valleys.

Dividing the magnetic and gravity rasters into intervals rather than using the
colour ramp shows significant breaks between values. The magnetics show a
noticeable north-northwest trending linear with a higher magnetic value than
surrounding areas of the fiord. The gravity shows a gradual increase from very low
negative to low positive moving towards the west within the basin.

Running trends across the fiord show interesting 2D magnetic cross sections.
Moving from salt structures (low magnetic signature) to igneous bodies (high magnetic
signature) creates a saw-tooth pattern for both magnetic trends. The magnetics can
also predict what lies beneath the ice cover. Low negative anomalies occur suggesting
the presence of multiple salt structures. Rare high magnetic signatures in this area
suggest fewer igneous intrusions. This may prove important if salt structures cap
potential gas reservoirs.

The DEMs helped determine geological boundaries and gave a better
representation of the formations in conjunction with the aeromagnetics and known
geology. DEMs also show the roughness of the land and give absolute heights over

important features such as salt diapirs.
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LANDSAT images enhance the geological features and structures by displaying
colours for different features and allowing for easy identification of geological
boundaries. Outlines of the rafted igneous rocks show a definite boundary with the
surrounding salt that is not as easily recognized in the air photo or 1:250,000 scaled
maps. Knowing where the rafted igneous areas occur within the dome allows for a
better representation of the boundaries between the two.

Petrography indicates the basalts of Index Ridge have a fine-grained texture with
seriate, hypocrystalline, intergranular, and intersertal textures. The groundmass
consists dominantly of plagioclase and clinopyroxene, with minor amounts of olivine,
opaque oxides, and devitrified glass. Green clay particles are present in minor amounts
and all crystal phases are altered to some extent. Olivine can be partially preserved or
pseudomorphed to the brown-red material iddingsite. The Wolf Intrusion is medium-
grained with equigranular, holocrystalline, and intergranular textures (Figure 4.XX). The
minerals present are plagioclase and clinopyroxene. Some portions of the sill contain up
to 5% olivine with smaller amounts opaques. Clinopyroxenes are well preserved,
however, olivine is partially altered to iddingsite, and green clay is present.

The ESEM confirmed the presence of olivine, clinopyroxene, plagioclase, and
titanomagnetite within AX03-68. Gray scale images obtained from the ESEM display
textures and the spectra distinguished between different crystal phases. The spectrum
outputs for each of the grains, 1 through 4, are represented in both the EL84050 and
AX83-68 samples. The spectrum for each crystal phase may differ slightly in proportions
of elements, however due to the composition of the melt, cooling times, and alteration;

the spectra may display different values for the elements.



Chapter 4 Geological and Geophysical Data 68

Compositional maps show the presence of Fe2+, Ca, and Ti. Unfortunately, the
test for Ni showed no significant results, however only one area was tested and is not

representative of the entire Wolf Intrusion. More sulphide tests are needed.
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CHAPTER 5 GIS APPLICATIONS

5.1 Salt Structures

5.1.1 Classification

The shapes of the diapirs are very important in terms of the structural
relationships with the surrounding formations. There are two distinct shapes of
diapirs occurring throughout the fiord, circular and stretched. Figure 4.8 displays
the location of each diapir within the Strand Fiord area, while Table 5.1 provides
values of length, width, elevation, magnetics and gravity for each diapir appear.

Within the study area, there are 6 circular diapirs, 11 stretched diapirs,
and two that express both features. Both types of diapirs intrude Eocene aged
sediments particularly the Isachsen and Christopher formations as seen on the
geological map (Figure 4.6). The stretched diapirs follow the same north-south
and northwest-southeast general trends of folding and occur in vicinity of the
Strand Fiord where folding, faulting, and a rugged terrain dominate. Typically the
circular diapirs occur in the less mountainous areas where minor folding and
faulting occur and have the Mesozoic sediments envelope the boundaries
5.1.2 Characteristics

Due to the poor resolution of the gravity line spacing, the depth of the salt
structures could not be determined, however, the intensity of the magnetics can
show whether the salt structures have deep or shallow roots. The two trends
(Figures 4.10 and 4.11) show two different anomalies for salt structures. The first
type of anomaly appears across the Kanguk Diapirs. These diapirs are well

exposed on the Kanguk Peninsula with well defined boundaries (refer to






Classification of Salt Diapirs of the Strand Fiord Area

Mag Value Mag Value Topo High Topo Low
Name Easting Northing Length(m)*  Width (m)* Low High Gravity Value ** ** Class
South Fiord Dome (SD) 477431.57 8818338 7494.43 5398.21 -457 -1 -19.0183 400 100 Circular
East Fiord (ED) 488988.58 8811571 4045.79 1480.55 -133 62 -24.6471 400 100 Stretched
Kanguk Diapirs (KD1) 510790.14 8799680 3936.99 828.48 -378 -120 -62.2586 300 100 Stretched
Kanguk Diapirs (KD2) 513813.37 8795959 1581.55 755.81 -457 -365 -61.7232 300 100 Stretched
Twin Diapirs (TD1) 528328.84 8796437 1983.69 461.28 -46 70 -63.2044 300 <100 Stretched
Twin Diapirs (TD2) 529156.29 8796975 111.89 453.36 -50 16 -63.2044 100 <100 Stretched
Bastion Diapirs (BD1) 541426.49 8807222 2904.12 1828.64 -199 -55 -65.9888 613 251 Circular
Bastion Diapirs (BD2) 546748.64 8804520 3114.4 627.74 -134 100 -69.9314 577 207 Stretched
Junction Diapir (JD) 550424.1 8776915 7373.95 2911.26 -154 -39 -82.0482 800 500 Circular/Stretched
Expedition Diapir (ED) 547585.6 8815417 6743.59 4585.23 -34 110 -58.2971 694 20 Circular
Colour Peak (CP) 534776.08 8814834 4367.5 1382.85 -134 116 -52.1196 524 54 Circular
Strand Diapir (SD) 560249.6 8800205 7979.45 3347.95 35 70 -82.0631 562 57 Circular
Muscox Ridge Diapir (MRD1) 5209476 8810104 10723.61 1091.72 -307 333 -58.6786 500 <100 Stretched
Muscox Ridge Diapir (MRD2) 532883.76 8805227 10302.12 1455.63 -319 -26 -61.7833 625 0 Stretched
1 519540.49 8805532 1939.36 1460.12 -199 -96 -58.4417 0 0 Circular
2 498820.73 8813527 7377 2159.89 -337 84 -41.2351 300 100 Stretched
3 4947979 8821981 4823.21 1571.81 -204 -75 -34.1238 300 100 Circular/Stretched
4 522734.37 8786132 5725.76 1196.17 -162 -24 -54.4277 500 100 Stretched
5 504607.12 8784384 3734.28 598.71 -94 45 -40.1777 100 <100 Stretched

* - distance dependent upon longest length or width possible for diapir
** - exact values taken from DEM where possible, other values taken from contour intervals

Table 5.1 - Values of length, width, elevation, magnetics, and gravity for individual diapirs.
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Geological Map Figure 4.6). The Kanguk anomaly shows a drop to -341
nanoteslas over a very steep and fast drop in approximately 2000 metres. In
order to achieve a low magnetic value in such a short distance considering the
types of rocks surrounding the diapir, a deep rooted salt source must be present.
The formations surrounding the diapir are the: Christopher Formation, Hassel
Formation, Strand Fiord Volcanic Formation, Kanguk Formation, and Eureka
Sound Group. As described in 3.3.4, all of the formations (other than the Strand
Fiord Volcanics) contain sandstones, siltstones, and shales; suggesting a 0-0.2
(SI) magnetic susceptibility. The Kanguk Volcanic Formation consists mainly of
basalts (described in 3.3.1) implying a magnetic susceptibility of 0.0005-0.18 SI.
A study by Prieto (1998) shows various signatures of magnetics for different
types of diapirs at depth. An attached salt dome beneath the surface at a depth
of 4000 feet (Prieto, 1998), shows a fast drop in the form of a parabola
resembling the same shape and values as the Kanguk Diapir. Another example
given by Prieto is a salt ridge at a minor depth showing a very steep decline with
an even lower magnetic response.

The second type of anomaly is shown with trend B as it runs through the
Northern tip of Colour Peak. Colour Peak has an elevation of 524 metres and is
another evaporite structure that exists with the surrounding Isachsen Formation,
Christopher Formation, Hassel Formation, Strand Fiord Volcanic Formation, and
Kanguk Formation. Magnetic values ranging from -134 to 116 nanoteslas occur

around the vicinity of Colour Peak and may be caused by the existence of the



Chapter 5 GIS Applications 73

formations mentioned above occurring throughout the evaporites of Colour Peak
causing a low positive magnetic to prevail.

Ice cover and rugged terrain prevail throughout Axel Heiberg Island
causing concealment of geological structures and features. Aeromagnetic
images can show the presence of these structures and features that may exist
beneath the surface. Figure 5.2a shows the ice cover for Axel Heiberg Island
while Figure 5.2b shows the magnetics for Axel Heiberg Island. Even though the
ice cover restricts observation of geology in the field, negative magnetic
responses indicate that there may be diapirs or a type of salt intrusion below the
ice. Salt structures can also exist beneath the surface of the earth and become
exposed over time through erosion. An example within the fiord is just north of
the Twin Diapirs. While assessing the magnetics, a circular shaped low magnetic
anomaly occurs where the Christopher Formation is mapped (Figure 4.6). The
Christopher Formation consists of dark shales with minor sandstone, siltstone,
mudstone and pyroclastics suggest a 0-0.2 magnetic susceptibility. The centre of
the anomaly produces magnetic values ranging from -156 to -180 nanoteslas.
The rocks comprising the Christopher Formation theoretically cannot produce
such a low magnetic signature because of their positive magnetic susceptibility
implying that a salt structure must occur beneath the surface in order for the
magnetics to achieve such a low negative magnetic value.

As shown in Chapter 4.6, LANDSAT images enhanced geological features

and structures by displaying colours for different features and allowing for easy
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identification. Figure 4.17 outlines rafted igneous rocks and show a definite
boundary with the surrounding salt that is not as easily recognized in the air
photo or 1:250,000 scaled maps. Knowing where the rafted igneous areas occur
within the dome allows for a better representation of the boundaries between the
two. Also, textures of the image portray a rugged or flat landscape representing
how steep slopes are dipping through shadows. Like an air photo, the LANDSAT
image gives an idea of geometric features. For example, the South Fiord Dome
is oval shaped and is approximately 6 kilometres in width.
5.2 Igneous Rocks

5.2.1 Lithological Data

Through petrography, observations of minerals, textures, and percent
cover show what type of rock is present. The basalts of Index Ridge tend to have
a fine grained texture with a seriate, hypocrystalline, intergranular, and intersertal
textures. Green clay particles are present in minor amounts and all crystal
phases are altered to some extent. Olivine can be patrtially preserved or
pseudomorphed to the brown-red material iddingsite. The Wolf Intrusion is
medium grained with equigranular, holocrystalline, and intergranular textures.
The minerals present are plagioclase and clinopyroxene. Clinopyroxenes are
well-preserved, however, olivine is partially altered to iddingsite and green clay is
present.

For sample AX03-68, the use of the ESEM confirmed the presence of
minerals observed using the optical microscope through grey scale images,

spectra, and compositional maps. Using GIS, a link of the observations to the
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database highlight the areas of extrusive and intrusive rocks. In the future, if a
particular igneous formation is found economically viable, the locations of the
formation are easily found within the GIS database and all pertinent information
can be accessed.
5.2.2 Future Work

The study is the first to create an interactive compilation of geological and
lithological data with observations, images, and preliminary results within a GIS
program for the Strand Fiord Area. Limited time prevented the analysis of
samples from other areas of the fiord and additional testing such as a
geochemical study. Future results can add to the present study with the objective
of building a database for Strand Fiord, Axel Heiberg Island and eventually the

rest of the Arctic Islands.
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CHAPTER 6 DISCUSSION AND CONCLUSIONS

6.1 Scientific Questions

GIS is a useful tool for managing and interpreting geological databases. It allows
for quick viewing and easy access to multiple databases at one time. Throughout the
study, the use and application of GIS attempted to answer two questions proposed in
Chapter 1.

The following sections examine the two questions in more detail.

6.1.1 Can GIS help assess properties of igneous rocks in the study area?

The magnetic raster can be used to determine properties of igneous
bodies. A subtle NNW trend of high magnetic field occurs in the central portion of
Strand Fiord following the same NW trend of folds and faults. Due to the high
magnetic properties of igneous flows, the trend of intrusion and location of where
flows occur is shown within the fiord.

In addition, the DEM combined with the magnetics and known geology
can be used to determine geological boundaries and give a better representation
of the formations.

LANDSAT images can be used to enhance geological features of large,
complex structures such as the South Fiord Dome. Using the image, features
and structures displayed as different colours allow easy identification of
materials. The outline of the rafted igneous rocks shows a definite boundary with
the surrounding salt providing a better representation of the boundary location

between the two formations.
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6.1.2 Can GIS help determine depth and volume of salt structures in the study
area?

The length and width of the diapirs was determined by values outputted by
ArcMap. Due to the low resolution of the gravity, an estimated depth and volume
of the salt diapirs could not be made. However, the magnetics showed an
apparent depth for the diapirs suggesting that some diapirs are in fact deeply
rooted and the length and width calculated the area of each diapir. A high
resolution gravity survey would give enough data to run 2D cross-sections
through the diapirs and determine the depth of the diapirs. This depth combined
with the length and width that this study determined would give the volume of the
diapir.

6.2 GIS interpretation of Geophysics
6.2.1 Magnetics

Magnetic anomalies occur due to lateral variations in the lithosphere’s
magnetic polarization and the occurrence of igneous intrusions, metamorphic
rocks, and alterations cause local anomalies (Hinze and Hood, 1989).
Petrographical and ESEM analysis show the presence of ferromagnetic
(titanomagnetite) and nonferromagnetic (clinopyroxene) minerals within the
basalts and sills of the study area. In contrast to relatively non-magnetic
sedimentary rocks, the highly magnetic basaltic lavas and intrusives generate the
highly positive magnetic anomalies for the Strand Fiord region.

The magnetic pattern observed in the Strand Fiord area is suggestive of

the geological structures and features present. The magnetic raster displays a
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NNW trend of high magnetic values within the central Strand Fiord area (Figure
4.3 and 4.8). As mentioned throughout this study, the Mesozoic strata of the
Strand Fiord contain basaltic lavas (which are described as part of mapped
formations) and chemically equivalent sills (which were not mapped). On the
geological map, there is also a NW trend of abundant igneous intrusions
occurring in the most folded and faulted portion of the Strand Fiord. The north
westerly trend seen in the magnetic data corresponds with the distribution pattern
of the igneous bodies. In addition, moving away from the area shows a decrease
magnetic value, igneous intrusions and deformation where Mesozoic sediments
dominate. It is possible that the strong folding and faulting of igneous bodies in
the Princess Margaret Range impart a stronger and more variable magnetic
signature than the same bodies in a horizontal position.

The magnetic raster image combined with the geological data for the
study area is very useful for defining geological boundaries and contacts. In the
field, outcrop exposure is sometimes limited, leading geologists to predict where
the boundaries between different formations occur. Using GIS software, the
magnetic rastef helps extrapolate lines of known geological boundaries and
contacts with a more accurate representation of where fhe contacts should occur
in areas of structural disruption and poor exposure. The reader is referred to
Section 5.4 where the use of GIS as a tool in the interpretation of aeromagnetic

data at the site of salt domes is described in more detail.
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6.2.2 Gravity

The gravity raster displays gravity lows in the highly folded and faulted portion of
the eastern Strand Fiord whereas gravity highs predominate in the west moving
into the Strand Bay. As mentioned previously, central Strand Fiord contains
abundant salt structures. It is suggested that because salt (halite) has a lower
density (2.2) compared to the surrounding strata (2.8-3.0), a ‘gravity low’ results
in comparison with the less disturbed and presumably more dense formations to
the west. Adjacent to the east of the Strand Fiord is the Princess Margaret
Range (PRM), a mountain range running north-south through the centre of Axel
Heiberg Island. Throughout the region, the basement rocks are understood to be
continental crust. During the Palaeocene-Eocene, compression caused folding,
halokinesis, and uplift of the Princess Margaret Range (Miall, 1981). It is believed
that this mountain range is cored by salt (M. Zentilli personal communication,
2005) resulting in a gravity low. The geological map (Figure 4.7) shows the
intensity of deformation decreases to the west of the Princess Margaret Range
into the sea. The above geological setting possibly suggests that the mountain
range is underlain by a décollement surface where folds and thrusts overlay

relatively undeformed basement.

6.3 Application of Earth Observation to identification, classification and mapping of
igneous rocks
LANDSAT images can be used to enhance geological features of large, complex

structures such as the South Fiord Dome. Different coloured features and structures
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allow for the differentiation and identification of various landforms. Figure 4.17 shows
salt as light cyan, vegetation as green, water as navy blue, ice as blue, Isachsen
Formation as brown and rafted igneous rocks as dark brown. Colour, shading, and
textures outline rafted igneous rocks showing a definite boundary with the surrounding
salt. The new boundary provides a better representation of the contact between the two
formations. Remote sensing is therefore very useful in isolated areas where travel is
limited by giving quantitative estimates of the aerial extent, volume, shape, and location
of diapirs. In areas such as Axel Heiberg Island, satellite imagery can give an idea of
the size of structures and the terrain type without stepping foot on land, thus facilitating
the planning of field activities or future engineering projects.

Using GIS, a link of the observations to the database highlight the areas of
extrusive and intrusive rocks. In the future, if a particular igneous formation is deemed
to be of any particular interest, the locations of the formation are easily found within the
GIS database and all pertinent information can be accessed.

In addition, any new data that becomes available can easily be added to the
existing database.

6.4 GIS interpretation of geological data on salt domes

The way in which a diapir forms influences structural relationships with the
surrounding formations, and also the shape and geometry of the diapir. The salt diapirs
within Strand Fiord are mostly stretched, elongated, and are associated with faults and
isoclinal anticlines (Ricketts, 1987). Throughout the fiord, the occurrence of clustered
diapirs and hypersaline springs suggest that originally the Otto Fiord evaporites existed

below the Strand Fiord area (van Berkel et al., 1984). Salt diapirs have a specific gravity
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of 2.16 (halite), igneous rocks 2.8-3.0, sandstone 2.2-2.8 and shale 2.4-2.8. The
exposed cap of diapirs is made of heavier anhydrite (S.G. 2.98) and gypsum (2.32), but
the cap is of limited thickness. During inflation, passive growth of salt occurs when the
rate of salt flow and sediment-aggradation equal causing vertical movement, or a
tongue of salt can form as salt flow exceeds sedimentation causing lateral movement
(Rowan et al., 2003). Diapirism keeps pace with sedimentation and causes surrounding
sediments to become brushed aside and overturned as sedimentation continues
(Rowan et al., 2003). Salt, due to its specific gravity and hydraulic characteristics as a
fluid, is squeezed out from the overlying sediments and several workers (e.g. Van
Berkel et al., 1984) suggest accelerated diapir emplacement occurred during the
Eurekan Orogeny, forming a décollement where the diapirs extruded within the centre of
buckle folds.

Section 5.1.1 describes two types of diapirs that occur throughout the vicinity of
the fiord, circular and stretched. Arc Map easily displayed distances, magnetic, gravity,
and elevation values quickly and easily allowing simple classification. The stretched
diapirs follow the same north-south and northwest-southeast general trend of folding
and occur where folding, faulting, and rugged terrain dominate. The emplacement of the
diapirs occurred prior to the folding and faulting and there elongated shape is a result of
tectonic processes taking place around Axel Heiberg Island.

Typically the circular diapirs occur in the less mountainous areas where minor
folding and faulting occur and intrude the Mesozoic sediments. These large domes are
not influenced by structural processes like the stretched diapirs; however they influence

the intruded sediments to envelope around the boundaries of the diapir.
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The intensity of the magnetics suggests the depth of the diapirs. The two trends
(Figures 4.10 and 4.11) show a saw-tooth pattern as it moves across the diapirs,
creating two types of anomalies. The first anomaly is a very steep and fast drop in
intensity (approximately 700 nanoteslas) creating a very narrow parabola over a short
distance, e.g. Kanguk Diapirs. In order to achieve a low magnetic value in such a short
distance with highly magnetic igneous rocks surrounding the diapir, a deep rooted non-
magnetic evaporate source must be present. The second type of anomaly shows a very
shallow drop (approximately 300 nanoteslas) creating a broad parabola e.g. Expedition
Diapir.

The volume of the diapirs could not be determined because the magnetics could
only suggest the apparent depth of each diapir. A high resolution gravity survey would
give enough data to run 2D cross-sections through the diapirs and determine the depth
of the diapirs. This depth combined with the length and width in Appendix C would give
the volume of the diapir.

6.5 Integrated geology and geophysics

Throughout Axel Heiberg Island, ice cover and rugged terrain prevail. The
presence of salt structures can occur beneath the surface, becoming exposed over time
through erosion. Through comparison of the field geology observations and magnetic
responses, distinct signatures of certain rock types occur. Using the geology and
geophysical data together helps show structures exist beneath the ice or surface where
field access may be denied. Magnetics, as shown in Figure 5.2, indicate that there may
be some type of salt intrusion occurring beneath the ice. If future studies show potential

for oil and gas exploration in and around diapirs throughout Axel Heiberg Island,
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knowing where diapirs are concealed by the ice may provide additional sources. Also,
there appears to be less igneous intrusions north of the Strand Fiord area. The absence
of an intrusion may prove to be an important trait because intrusions may alter any
hydrocarbons formed causing overmature hydrocarbon source conditions.

The second example shown in Figure 5.3 shows a circular shaped low magnetic
anomaly occurring where the Christopher Formation is mapped. Due to the composition
of the Christopher Formation, the low magnetic signature could not normally occur
suggesting that a salt structure must exist beneath the surface in order for the
magnetics to achieve such a low negative value. This observation may also prove
useful in future years if these salt structures are explored for petroleum possibilities.

6.6 Recommendation for Future Studies

For a continuation of this study, a higher resolution gravity survey is needed to
calculate the actual depth and volume of the salt diapirs. Further understanding of the
petroleum system of Axel Heiberg Island will assess the petroleum potential of the area.
Additional data can add to the present database in order to accumulate information for
the Strand Fiord and eventually the rest of the Arctic Islands.

Continuing studies by Arctic research scientists, such as Dr. Marie-Claude
Williamson and Dr. Marcos Zentilli, will help in the overall understanding and
interpretation of the igneous bodies, salt structures and tectonic history of the Arctic
Archipelago, and will both make use and update the present GIS.

6.7 Conclusions
GIS is a very important tool for the management and interpretation of data.

Northern islands such as Axel Heiberg have limited access throughout the year creating
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difficulties while mapping in the field. Through the use of GIS, queries performed on the
data allowed for quick and easy interpretation. The study is the first to create an
interactive compilation of geological and lithological data with observations, images, and

preliminary results within a GIS program for the Strand Fiord Area.
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A1

APPENDIX A ADDITIONAL ESEM DATA

Section 4.5.2.2 describes how the Environmental Scanning Electron Microscope
(ESEM) confirmed the presence of four mineral phases within the Wolf Intrusion
(sample AX03-68). Using Qualitative Spectral Analysis, a comparison of the AX03-68 to
a fresh, unaltered sill, EL84-50 showed similar spectrums. As mentioned previously,
sample EL-84-50 is a well-preserved, unaltered portion of basaltic sill from northern
Ellesmere comprising of similar mineralogy to volcanic and intrusive rocks in the Strand
Fiord area (Williamson, 1988).

A quick inspection of EL84-50 showed an area consisting of three mineral
phases. The area, referred to as Area A of (Figure A.1a), shows three phases as light,
medium, and dark grey. Qualitative spectral analysis provided spectrum for each
mineral grain. The first grain is very light grey and has a subhedral shape. The
spectrum, Figure A.1b, shows a high proportion of iron with titanium present suggesting
titanomagnetite is present. The second grain is medium grey displaying a subhedral
shape. High values of silica with calcium and iron occur as the major peaks on the
spectrum (Figure A.1c) signifying a clinopyroxene composition. The third grain is dark
grey and has high silica values with aluminium, calcium, and minor iron (Figure A.1d);
suggesting a composition of a feldspar, particularly that of plagioclase.

Analysis of another area consisting of the same mineral phases confirmed the
above identifications (Area B). The grey scale image of Area B (Figure A.2a) shows the
same mineral phases (light, medium, and dark grey) as Area A of EL84-50. The first
grain, yields the same spectrum as Area A showing high values of iron and titanium

verifying titanomagnetite is present (Figure A.2b). The second grain of Area B shows
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peaks of silica, calcium, and iron confirming a clinopyroxene composition (Figure A.2c).
The last grain, displays aluminium, calcium, and minor iron (Figure A.2d); suggesting
plagioclase is present.

A third and last area generates spectra for an olivine grain. The grey scale
image, Figure A.3c, shows a cracked grain (labelled 4) with alteration around the
cracks. The spectrum outputs a high silica value with iron and oxygen. This proves an
olivine composition, primarily that of the iron rich fayalite.

”””””” Using the above preliminary analysis as a guide for the chemical compositions,

the testing of the sample AX83-68 produced similar spectrum. The results for the

Qualitative Spectral Analysis for sample AX83-68 are located in Section 4.5.2.2.














