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ABSTRACT

The St. Martin impact structure is a 40 Km diameter structure located in
Manitoba, Canada lies in featureless, glaciated terrain lacking any surface expression of
an impact structure. The age of the structure has been re-determined to range between
224.3 Ma to 241.4 Ma which nullified a previous hypothesis suggesting this impact was
part of a multiple impact event. Within the proposed structural boundary two outcrops of
Archean granite are present. The first outcrop is located in what has been identified as
the central peak of the impact structure. The second outcrop lies along the northeastern
boundary and is known locally as Big Rock. The purpose of this investigation was to
determine the relationship of Big Rock, if any, to the impact event and to constrain a
more accurate diameter of the structure.

To accomplish this I conducted two geophysical surveys and used selected data
from a previous survey. The two methods I conducted were: a magnetic survey and
seismic reflection profiling. Selected data from a previous gravity survey was used to
supplement survey results. The magnetic survey was conducted using the total field G-
856 Memory-Mag proton precession magnetometer which measures local or regional
field strength. The seismic reflection survey was conducted using three Geometrics
Geode exploration seismographs. Due to the complexity of seismic data processing |
retained an outside seismic data processing company. Previous gravity anomaly data
were acquired using a LaCoste and Romberg Model G gravimeter.

The results of this geophysical investigation reveal a shallowing of granitic

basement rock with exposure near Big Rock. However, a suggested listric fault near Big



Rock was not identified via seismic reflection profiling, but was suggested by both the
gravity and magnetic surveys. Listric faults that are genetically related to impact
structures are also indicative of the structure’s outer boundary and therefore can confirm

that the St. Martin impact structure is indeed 40 Km in diameter.
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CHAPTER 1
INTRODUCTION
Hypothesis
Impacts between Earth and large interplanetary objects result in violent collisions.
One aspect of these collisions is the propagation of shockwaves throughout the impacted
body. These impacts generate instantaneous stresses in the GPa range, (Pierazzo and
Melosh, 2000b), and result in features associated with impacts. Located in Manitoba,
Canada, the Saint Martin impact structure features two Archaean granite outcrops
positioned 150 meters above other outcrops of the same age. The first is a crystalline
melt sheet near the structures center and the second outcrop is larger and is on the
northeast rim of the structure. The hypothesis for this investigation is that the local
feature known as Big Rock is uplifted basement rock that resulted from the impact event.
Geologic Background
The St. Martin impact structure (Fig. 1) lies in the Interlake region of Manitoba,
Canada at 51.778978 / -98.512679 in featureless glaciated terrain that shows no surface
expression suggesting an impact crater. The structure lies on the eastern margin of
Paleozoic sedimentary rocks that overlie the Precambrian craton in southern Manitoba.
Figure 1 outlines the lateral extent of the impact structure (inner circle) and the extent of
disturbed basement rock outside the structure (outer circle), (Pilkington and Grieve,

1992).



Approximately 200 meters of Ordovician-Silurian sedimentary rocks cover the

craton in the region and parts of the crater contain Jurassic age sedimentary rocks, Fig. 2,
(McCabe and Bannatyne, 1970). Two outcrops of granite currently stand at least 150
meters above the planar surface of the Precambrian basement. The first occurs near the
crater center and another 9 kilometers east of the center of the structure (McCabe and
Bannatyne, 1970). A 316 meter core hole near the central peak penetrated brecciated
granitic rocks its entire length. This core hole showed that the central peak rises at least
to the level of the crater rim. Several core holes in the crater show the existence of a 70

meter thick melt sheet east of the central uplift (McCabe and Bannatyne, 1970).

[ .Google"

o T T Y
Fig. 1. Location of the St. Martin Impact structure depicting selected core hole locations
and structure boundary. Modified from Bannatyne & McCabe, 1984.



Rock Unit
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Fig. 2. Stratigraphic column of the Lake St. Martin area, modified from McCabe and
Bannatyne, 1970. Erosional events are represented by a dashed line.

Age of Impact
Using (U-Th)/He analysis of zircon and apatite samples collected from melt sheet
samples 9 Km northeast of the central peak, Wartho et al. (2009) determined the age of

the impact as 235.2+6.2 Ma (zircon) and 231.5+7.2 Ma (apatite) placing it in the Middle



to Late Triassic. This age nullifies the hypothesis proposed by Spray (1998) that the St.
Martin impact structure is one of five impact events that occurred simultaneously at about
213 Ma.
Types of Impact Craters

Two basic crater structures exist, simple and complex, each produced because of
intrinsic variables related to the impacting bolide and target. Bolide variables considered
are size, density, composition, angle of impact, and velocity. Target variables to consider
are planetary gravity, atmospheric density, target composition, and strength of the target
material (Melosh, 1989). A bowl shaped depression and structurally upraised fractured
rims characterize simple structures. The complex crater’s structure contains a central

peak feature, ring structures, and outer fracture zones, Fig. 3.

£ ground surface

£

Final
crater rim

Fig. 3. Figure depicting the structural differences between a simple crater and a complex
crater. Modified from NASA, http://rst.gsfc.nasa.gov/Sect18/Sect18 4.html



Lake Saint Martin Morphology

The St. Martin impact structure is a complex crater and is approximately 40
kilometers in diameter, exhibits a central peak, outer fracture zones and contains a 70
meter thick melt sheet to the east (McCabe and Bannatyne, 1970). Glaciation has eroded
the Interlake region giving the impact structure no recognizable surface expression.

McCabe and Bannatyne (1970) collected surface samples from exposed outcrops
of Paleozoic strata and calculated the structure having a slope of approximately 1.89
meters per kilometer to the west-southwest, Fig. 4. A comparison with an area to the
southwest shows that approximately 60 percent of this slope occurred during the post
middle Jurassic. This equates to 0.95 meters per kilometer over the crater structure since
the Permian or 30.5 meters of post crater tilting. This tilting could be the reason as to the

lack of an exposed outcrop toward the western crater rim (McCabe and Bannatyne,

1970).
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Fig. 4. Location of Silurian-Ordovician surface samples used to determine slope of the
structure. Modified from McCabe and Bannatyne, 1970.

Structure Lithology

Figure 5 shows an approximate cross section of the structure and
surrounding area with associated lithology as determined from core-hole data. The base
of the crater is Superior Province Precambrian granite and gneiss basement rock.
Extensive areas of shocked metamorphic features occur within the structure and a 70
meter thick melt-sheet lies on the east side of the crater (McCabe and Bannatyne, 1970).
Overlying the Precambrian granite within the structure is: the St. Martin Series composed
of Syn-formational Permian igneous polymictic breccia and carbonate breccia.
Overlying the St. Martin Series are the Post-formational Jurassic evaporates and

Redbeds.



Outside of the impact structure overlying the Precambrian granite is: Ordovician
Winnipeg, Red River, Stony Mountain, Stonewall formations. The Interlake Group of
Silurian carbonates and shale follows these formations.

McCabe and Bannatyne (1970) assign the St. Martin Series carbonate breccias to
the Paleozoic sequences due to extensive faulting, brecciation, mixing and uncertainty as
to age. Saint Martin Series breccias have a high concentration of calcium carbonate,
dense, microcrystalline and light grey-buff in color. Argillaceous limestone and
calcareous shale’s are common near the bottom of the core and they exhibit no shock
metamorphic features.

Three borings in the St. Martin impact structure produced polymict breccias.
These breccias are primarily composed of granite fragments and are light purplish-grey in
color. The granitic clasts and other igneous clasts present are generally sub-rounded to
well rounded in shape. The St. Martin series has varied thickness but ranges from 3.35
meters to 265 meters.

McCabe and Bannatyne (1970) have recognized aphanitic igneous rocks in only
two locations within the crater fill that they identify as trachyandesites. McCabe and
Bannatyne (1970) note that the term trachyandesite is based on chemical and
petrographic analysis and they imply no origination with the use of this term. Unit
thickness ranges from 10.6 meters in boring LSM-3 to 65.2 meters in boring LSM-1. The
Isotope and Nuclear Geology Section of the Geological Survey of Canada conducted age
determinations on two samples via K-Ar whole rock analyses. Results on the samples
showed an age of 250 + 25 Ma. and 200 £ 25 Ma. respectively, but were revised in 2009
by Wartho to 235.2+6.2 Ma (zircon) and 231.5+7.2 Ma (apatite).

7



Overlying the trachyandesites are the Red Bed and evaporite units. The Red Beds
are approximately 40 meters thick and are composed of reddish brown argillaceous
dolomitic siltstones and sandstones. Overlying the Red Beds are 42 meters of the
evaporite unit composed of gypsum and anhydrite. McCabe and Bannatyne (1970)
assume this sequence to only be present within the crater. Stott (1955) and Bannatyne
(1959) have assumed that these units are of similar composition to the Amaranth

Formation in southwestern Manitoba that is of Jurassic or Jura-Triassic in age.

.5M-7
M3 SM4 LSME qus LSM-4 LSM-1/2
0 10 20 30 40 50 60 ro 80 90 100 @ i
. Evaporites
D Red Beds
. St. Martin Series

. Interlake Group

. Stonewall Fm

. Stony Mountain

. Red River
. Winnipeg Fm
. Pre Cambrian

Fig. 5. Geologic Cross Section of the St. Martin impact structure based on magnetic data
points with selected core hole locations. Modified from Kohn, B., Osadetz, K., & Bezys,
R., 1995.



CHAPTER 1I
THEORY AND APPLICATIONS OF METHODS USED
Gravitational Acceleration

If Earth were a homogenously, non-rotating, perfect sphere, the gravitational
acceleration (g), would not vary over the surface. Since this is not true and g varies, these
measurable variations in g have become invaluable at investigating what lies below the
surface. Defining the gravitational acceleration of Newton’s second law of motion in
terms of g, the equation becomes:

g=F/m
where F is the force of attraction between two mass points, m is the mass of the object.
One of two conventional designations may represent units for gravity: the S.I unit (m/s?),
and the centimeter gram second, c.g.s., system (cm/s”). As used in geophysics the c.g.s.
system is referred to as the gal, in honor of Galileo. One-tenth of a milligal (0.1 mGal) is
called a gravity unit, g.u., and is used in exploration work.

Variations in g may be the result of both visible and non-visible features such as
mountain ranges, canyons, buried faults, or lateral lithologic changes. The primary
factors controlling density are mineral assemblages, fractures, porosity, and saturation.
In this study I have investigated a 3 km transect along the suggested northeastern rim of

the impact structure utilizing relevant, previously collected gravity data points.



Magnetism

The Earth’s magnetic field is a vector quantity and is composed of seven vectors.
These vectors are: F, the total intensity of the magnetic field, H, the horizontal
component, Z, the vertical component, X, the north component, Y, the east component,
D, the magnetic declination and I, magnetic inclination. Remnant magnetization (J;) is
also of primary interest in this study and occurs when host rock, usually igneous,
sufficiently melts allowing magnetically susceptible minerals to align themselves parallel
to the current magnetic field. This effect is referred to as thermoremanent magnetization
(TRM). The presence of a melt sheet at the site indicates that the Curie temperature for
magnetite (580°C for magnetite) was achieved. In this study I took into consideration
remnant magnetization and measured the F component which is defined by the equation:

F=VXZ+Y2+272
Observed vs. Calculated Values

In Figures 6 through 9 I have constructed hypothetical impact crater models.
These models only contain ‘observed’ data and no calculated or theoretical values. In
terms of gravity the theoretical gravity value would be the value if Earth were a non-
rotating, homogenous perfect sphere. The theoretical value does not change. The
observed gravity value is the value recorded at a specific location and may change after a
geologic event. In terms of the geomagnetic field the magnetic moment would point
towards Earth’s geographical south and slightly inclined to Earth’s geographical axis
(Parasnis, D. S., 1997). Again, the theoretical value does not change whereas the

observed value may in response to a geologic event.
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Gravity and Magnetic Surveys of Impact Craters

Of the greater than 170 known impacts few offer a physical manifestation
reminiscent of their true origin. Two notable exceptions are Barringer Crater, a simple
crater, located near Flagstaff, Arizona and Upheaval Dome, a complex crater, in Utah.
Both gravity and magnetic geophysical methods have discovered a majority of the known
impact sites usually by airborne methods.

Magnetic anomaly signal strength primarily depends on the concentration of
magnetic minerals present and source depth; with a deeper source resulting in a weaker
signal. Since igneous rock usually contains some magnetic minerals the magnetic
method generally produces a good profile of the bedrock while ignoring any sedimentary
cover. Gravity anomalies are referred to as either positive or negative when referenced to
the geoid. A positive anomaly is denser while conversely a negative anomaly is less
dense. Factors contributing to the gravity anomaly are type of rock or deposits, fracturing
or jointing, and void space. Gravity data may also be used to generate a profile however
multiple factors must be considered before doing so. In the following chapters
considerations to both magnetic and gravity data will be discussed.

In Figures 6 and 7 I have constructed both a simple, and complex crater geologic
cross section with magnetic and gravity profiles without any subsequent fill. Figures 8
and 9 illustrate a hypothetical structure with accompanying lithology. Filling both
structures I have used lithology that might accompany the structures such as suevite,

shale, dolomite, limestone and a till or other unconsolidated cover.

11
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simple crater.
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Reflection Seismology

Reflection seismology was first introduced in the early 1920’s and by the later
part of the decade became more main-stream in the field of seismology. Reflection
seismology has some advantages over refraction seismology with one of the primary
advantages being short shot-line lengths. However two disadvantages reflection
seismology has is the disappearance of low-velocity zones and reflections arrive after
other wave making recognition difficult. In the case of this investigation surficial cover

consists of a low velocity till and the reflector is high velocity granite.

14



The primary travel-time equation for reflection profiling is defined as:
Time = (x> + 4h,%)"?/V,
and is illustrated by Figure 10, where E is the energy source and G is a receiving
geophone. Impact structures are generally only a few kilometers in depth making
reflection profiling an ideal method of investigation. A more in-depth discussion of

considerations and data processing of reflection seismology are presented in a following

chapter.

L 2

&

Fig. 10. Diagram indicating symbols used for reflection travel time curves.
Modified from Sharma, 1997.
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CHAPTER III
PREVIOUS GRAVITY WORK
Gravity Results

Christina Davids (Davids & Gosnold, 1995; Davids, 2002) conducted a gravity
survey of the impact structure and surrounding area in 2002. Using data gathered during
her survey (Fig. 11) I constructed a Bouguer anomaly map and regional trend maps of the
structure. A Bouguer gravity anomaly consists of two components: the regional anomaly
and the residual anomaly. The determination of what is considered a regional or residual
anomaly is dictated by the scope of the survey.

Large geologic structures generate large wavelength regional anomalies that
produce smooth contours over large distances. In this study the Precambrian basement
rock and the overlying Interlake Formations are responsible for the regional anomaly and
can mask residual anomalies that are of interest. First order, second order, and third order

regression regional anomaly maps were produced using Surfer 8 ™ (Figs. 12-14).
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Fig. 11. Gravity survey locations.
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Fig. 12. First order polynomial trend surface of the Bouguer anomaly with the
structures outline superimposed.
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To produce the Bouguer gravity contour map (Fig. 15) I used the graphical
smoothing method in Surfer 8 ™. The black circle on Fig. 15 delineates the accepted
outer limits of the impact structure. At the center of Fig. 15 and moving northeast,
contour lines become closely spaced together suggesting that the more dense granite is
nearer the surface. This is opposite of what is found southwest where the contour interval
is more widely spaced suggesting that the granite is at a deeper depth. A 3D wireframe
(Fig. 16) of the Bouguer gravity anomaly illustrates the southwesterly slope of the
structure supporting the statement by McCabe and Bannatyne (1970) of post formational
tilting of the structure.

Residual anomalies are short wavelength local features such as an ore body, pore
space or fracturing within the target rock. In this study possible faults or fractures are the
features of interest. First order, second order, and third order residual anomaly maps
(Figs. 17-19) were produced by removing the regional anomaly from the Bouguer
anomaly map using Oasis Montaj.

Figures 17-19, produced by Dr. Jeffry Plescia of the Johns Hopkins Applied
Physics Laboratory, show that a remnant circular structure associated with the impact
event is present after removing the regional field. The differences in gravity values with
respect to the impact structure are the result of fracturing within the bedrock, lateral
lithologic changes, and depth. The higher the concentration of fracturing present is the
less dense the anomaly will appear.

Interpreted in the figures are features associated with a complex crater. The
central peak has a diameter of approximately 4 kilometers. Moving laterally away from

the central peak the annular trough extends 10 kilometers. Continuing outward from the
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annular trough for a distance of 6 kilometers is the structures rim. An area of disturbed
bedrock associated with the impact event but outside the structure’s boundary lies past
the rim (Pilkington and Grieve, 1992). The data show that Big Rock lies at the accepted

boundary distinguishing the structure’s maximum extent from the disturbed bedrock

outside.
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Fig. 15. Lake St. Martin Bouguer gravity anomaly map with gravity station locations.
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Fig. 17. Lake St. Martin Ist order residual gravity.
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Fig. 19. Lake St. Martin 3rd order residual gravity.
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CHAPTER IV
MAGNETICS
Data Acquisition

Magnetic surveys measure either the remnant or induced magnetic field as
recorded in rocks. Generally igneous and metamorphic rocks contain minerals that have
magnetic susceptibility, such as magnetite or hematite, return a usable signal. The
sedimentary rocks in this area do not contain magnetic susceptible minerals and therefore
are unsuitable for this type of survey. Magnetic surveys are versatile with one of their
applications being subsurface topography mapping. Since Big Rock is composed of
Precambrian granite and lies at the structures rim, a magnetic survey is applicable in this
study.

The Earth’s magnetic field is a vector quantity and is composed of seven vectors.
These vectors are: F, the total intensity of the magnetic field, H, the horizontal
component, Z, the vertical component, X, the north component, Y, the east component,
D, the magnetic declination and I, magnetic inclination.

Magnetic data were acquired (Fig. 20) using a Geometrics G-856AX Memory-
Mag Proton Precession Magnetometer during a three-day period in October 2009. The
G-856AX has a resolution of 0.1 nT and an accuracy of 1.0 nT. The total magnetic field
(F) was measured at one hundred and thirty two-data points at approximately 500 meter
intervals along pre-existing roadways, (Table 2).

The equation for the total field is:

F=+yX?2+Y2422
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Fig. 20. Magnetic Data Points.
Data Reduction

When reducing magnetic data four corrections need to be considered depending
on the type and scope of the survey being conducted. These four corrections are diurnal
correction, normal-field correction, elevation, and terrain corrections.

The primary correction to be considered is the diurnal correction. This correction
takes into account the temporal variation of the geomagnetic field. The geomagnetic
field is a result of particle and electromagnetic radiation from the sun perturbing Earth’s
ionosphere (Sharma, 1997). Figure 21 represents the daily diurnal variation during the
three day magnetic survey. After collecting the magnetic data I entered corrected
magnetic values from Table 1 into Surfer 8 and produced a visual representation.

The normal-field correction takes into account the normal variation of the
geomagnetic field intensity with respect to latitude and longitude. Due to the size of the

survey conducted I did not include this correction. Elevation and terrain corrections take
26



into account the vertical gradient of the geomagnetic field at the surface of Earth.
Elevation and terrain corrections are not required for this survey since the terrain was flat.
Attenuation of Error

The primary consideration for data integrity in magnetic surveys is what Burger
(2006) has called magnetic cleanliness. Burger et. al. (2006) identify some
considerations: the removal of all metallic items from the surveyor’s person, that the
sensor of the magnetometer is at least three meters above the ground, and a distance of at
least 20 meters away from vehicles and power lines are maintained. I took care to use
these procedures in this investigation to protect the integrity of the data.

Two additional sources of error may affect the data that are beyond user control:
the distribution of the mineral responsible for the magnetization and the effect of remnant
magnetization. In the first instance, it is possible that an uneven distribution of the source
mineral may result in an undesirable signal producing an incorrect interpretation. In the
latter instance the measured magnetic anomaly is the combination of induced

magnetization and the remnant magnetization, Burger, 2006.
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Fig. 21. Daily diurnal variation during the magnetic survey.
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CHAPTER V
SEISMIC REFLECTION PROFILING
Data Acquisition
Seismic reflection profiling was conducted along the structures northeast
boundary along a 960 meter section of road parallel to Big Rock. The seismic line began
at 51.82472/-98.38057 and ended at 51.83179 /-98.37339, Fig. 22. Three Geometrics
Geode exploration seismographs were employed enabling a total of 72 channels to be
recorded. The Geode specifications used in this survey are: 24 bit, ultra-high resolution
20 kHz bandwidth (8 to 0.02 ms sampling), low distortion (0.0005%), low noise (0.2uV),

stacking accuracy (1/32 of sample interval).

Fig. 22. Ariel view of the location of the seismic reflection line. GoogleEarth, 2010
Terrametrics. Accessed on 12/04/2010.
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Energy Source
University of North Dakota students and machine shop employees designed and
constructed the source used to generate the necessary energy to conduct the survey. The
seismic source, called the BOSS, (Ballistic Ordinance Seismic Source) operates by
shooting a 12-gauge shotgun slug into the ground surface, Fig. 23. The impacting slug

then produces enough energy to be useful for shallow reflection surveys.

Fig. 23. The Ballistic Ordinance Seismic Source, (BOSS).
Technique
The technique most commonly used for shallow reflection seismic surveys is the
common-depth point (CDP) technique, (Fig. 24). The reflector, R in Fig. 24, is the

feature that the survey is trying to image. In this method the energy source and receiving
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geophones are placed in a linear array. After each completed shot, additional geophones
are added to the seismic line and the energy source is advanced linearly along the seismic
line after each shot. The CDP technique ensures that the reflection point, R, is common
to all points on the seismic line. A field laptop computer records the shot data for later

retrieval and reduction.

53 52 51 0O G1 G2 G3

— 4

Fig. 24. Ray paths of reflections belonging to the common depth point (CDP) which is
located below the shot-geophone common midpoint, O. Modified from Sharma, 1997.
Normal Move Out

Normal move out is the difference in reflection times from a horizontal reflecting
surface due to variations in the source-geophone distance. In reflection surveys normal
move out (NMO) is the principle criterion to identifying if the event observed is a
reflection (Sharma, 1997) and assists in determining the proper geophone spacing.

Data Reduction

The seismic reflection data obtained during the survey were then reduced using
the outside seismic data processing consultant Divestco. This was necessary due to the
complexity associated with seismic reflection data processing. Keiswetter, Black and

Steeples (1996) provide a typical data processing flow chart in Table 2. The objective of
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seismic data reduction is to incorporate multiple shot points obtained during a survey into
one coherent subsurface profile, Fig.25

Table 2. Data Processing Flow

Convert raw data into processing format
Apply geometry formation

Remove bad/noisy traces

Automatic Gain Control (AGC) scale
Frequency-wave number (FK) filter
Frequency filter (time variable)
Dip-moveout corrections

First arrival mute

Air-wave mute

Ground-roll mute

Elevation corrections

Sort into CDPs

Velocity analysis

CDP Stack

Post-stack bandpass filter

Trace equalization

Display

Fig. 25. Multiple seismic shotpoints from the seismic line prior to data processing.
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CHAPTER VI
RESULTS
Gravity
Davids’ gravity study contained 699 gravity stations of which I have selected

thirteen data points. Gravity points I selected profile the seismic reflection and magnetic
profiles I produced of Big Rock and are presented later in this manuscript. The gravity
profile (Fig. 26) began 560 meters to the front of the seismic line and ended 368 meters
beyond the seismic line for a total length of 1.9 kilometers. Gravity station identification
numbers 5 through 11 are the approximate boundaries of the seismic line.

Selected gravity data from Davids’ thesis (2002) are presented in Table 3.
Observed gravity is the gravity value recorded at a specific location. Theoretical values
are predicted gravity values on a reference ellipsoid at sea level based on latitude.
Observed gravity and theoretical values are recorded in mGals. The following equation,
as accepted by the International Union of Geodesy and Geophysics (IUGG) as the basis
for the Geodetic Reference System in 1967 (GRS 1967), is used to calculate the normal
gravity at latitude ¢ and takes into account the flattening effect of the ellipsoid and
rotation of Earth:

g »=9.780319(1 + 0.0053042 sin” ¢ - 0.0000059 sin’ 2¢) m/s*
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Table 3. Selected gravity stations used in the gravity profile of Big Rock. From Davids, 2002

Station ID Latitude Longitude Elevation Observed Free Air | Bouguer

LSM124 51.819 -08.382 249.7 981131.49 -22.19 -50.13
LSM125 51.82 -08.382 249.7 981131.92 -21.85 -49.79
LSM126 51.821 -08.382 249.7 981132.82 -21.04 -48.97
402078 51.822 -98.381165 248.1 981132.8 NR -49.42
LSM127 51.824 -98.381 249.8 981133.41 -20.68 -48.63
LSM128 51.825 -98.38 249.8 981133.69 -20.49 -48.44
LSM129 51.827 -98.379 249.7 981134.16 -20.23 -48.16
LSM130 51.829 -98.378 249.4 981134.96 -19.7 -47.6
LSM131 51.83 -98.376 248.9 981135.43 -19.47 -47.32
LSM132 51.831 -98.375 248.4 981135.69 -19.45 -47.24
LSM133 51.832 -98.374 247.9 981135.97 -19.41 -47.15
LSM134 51.833 -98.373 247.7 981136.22 -19.31 -47.02
LSM135 51.835 -98.372 247.5 981136.41 -19.36 -47.05

Gravity investigation results reveal that between the sampled gravity stations a
shallowing of basement rock occurs with exposure at Big Rock (Fig. 26). Additionally
an anomalous feature was indicated that may be interpreted a fracture or fault in the
profile. This interpreted feature lays between gravity stations three and five which shows
a sudden decrease in the gravity value. The association of a decrease in the gravity value
to a fracture or fault interpretation is that fracturing reduces the density of the underlying
lithology, which then reduces the gravity value. In this interpretation gravity station
eleven is considered the outer boundary of the impact structure.

Depth to the feature at gravity station three was estimated by determining where
the total change in gravity ()gmax) falls to its half value. The horizontal distance, xy, over
which the anomaly changes from 0.5 )gmax to 0.25 )gmax 1S @ measure of the depth,
(Sharma, 1997). At gravity station four, the depth to the anomaly was determined to be

28 meters. Gravity stations eleven and beyond are determined to be near the surface.
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Fig. 26. Observed gravity profile with theoretical values.
Magnetic

I reduced magnetic survey data to produce a magnetic anomaly map of the impact
structure using the program Surfer 8, Fig. 27. The crosses show magnetic reading
locations. A large black circle outlines the approximate structure boundary. The small
black circle shows the location of Big Rock. Identified towards the center of the impact
structure is the central peak. Individual features are not well identifiable at this scale
however the structures southwest tilt is observed as indicated by the decrease in anomaly
value.

A three kilometer, six point magnetic profile of the total field anomaly was
produced to include the seismic line, Fig. 28. The seismic line consists of points three,
four, and five for a total length of approximately one kilometer. Results of the magnetic
profile show that the bedrock is shallowing. The parabola that is between points two and

five on Fig. 28 may suggest a high angle fault or fracture.
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Depth to the top of the magnetic anomaly was determined by the ‘slope’ (d)
method (Peters, 1949). The slope method: z . d/1.6, where Peters (1949) define d as the
horizontal interval where the steepest part of the anomaly curve is essentially a straight
line. Using this method on the left side of the slope suggests a depth of 103 meters and
on the right side of the slope a depth of 102 meters. This result suggests that there is a
shallowing of the basement rock. Additionally, between magnetic stations two through
five (Fig. 28) a parabola is present that may be interpreted as a high angle fault or
fracture.

Figure 29 illustrates a corroborating geologic profile based on the selected
magnetic and gravity data along the seismic reflection line and was produced using the
commercially available software GravMag. Included in the figure are the theoretical and
observed values for both the gravity and magnetic data values. Parameters selected for
the magnetic profile include: remnant magnetics, a 30° azimuth, and 51.81° latitude. A
density of 2.67 g/cm” for the granitic basement rock (red unit) and 2.0 g/cm’ for the

surficial cover (yellow unit) were used for the gravity profile.
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Seismic Reflection Profiling

The results of the seismic reflection survey were a partial success with the success
being that the survey was able to image the granitic basement rock near the surface. The
seismic reflection survey does reveal a shallowing of the basement rock with exposure
near Big Rock, which then becomes buried again, Fig. 30. Horizontal exaggeration on
Fig. 30 is 15x. Not identified, that I was hoping to corroborate, was a possible listric
fault that appears on a historical cross-section. This cross section produced by Reimold
et. al, (1990) depicts a listric fault that was based on previous drilling activity in the
vicinity of Big Rock. There are two primary factors as to why this fault might not have
been imaged: first, our seismic line was not long enough to intersect the fault, and
second, the fault does not exist.

The lithology along the seismic line include both till and granite. Typical
velocities of the primary waves of till range from 1500 ms™ to 2600 ms™', metamorphic
rock velocities range from 3500 ms™ to 7000 ms™, and granite and gneisses velocities
range from 5000 ms™ to 6200 ms™. Since the seismic velocities of various lithologies
may significantly overlap due to factors such as saturation, compaction or fracturing there
is not always a unique solution (Burger, et. al., 2006).

The depth to the basement rock varied throughout the seismic line. Depth and
velocities were determined using the x” - t* method, Fig. 31. Depth to bedrock at the
beginning of the seismic line is 23 meters and has a velocity of 2376.91 ms™, Fig 32.
The midpoint has a depth of 19 meters and a velocity of 3641.79 ms™, Fig. 33. At the

last point bedrock is at a depth of 21 meters and a velocity of 2845.55 ms™, Fig. 34.
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Fig. 30. Seismic reflection image of Big Rock depicting associated features.
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CHAPTER VII
DISCUSSION

Large impact events are violent occurrences that release pressure in the GPa range
and produce features associated with a resultant crater. The St. Martin impact structure is
a complex crater consisting of a central peak, annular trough and rim. Wartho (2009) has
re-evaluated the age of the structure using the (U-Th)/He technique and determined it to
be between 224.3 Ma and 241.4 Ma. This revised age nullifies a previous hypothesis that
the St. Martin impact event occurred as a part of a multiple impact event approximately
213 Ma (Spray, et. al., 1998).

Each geophysical method used in this study has its limitations. The magnetic and
gravity methods’ limitations are similar in that there is a lack of resolution in subsurface
detail. Examples of subsurface detail resolution limitations are multiple faults or
fractures found close to one another, fine alternating sedimentary layers, or even the
difference between igneous and metamorphic rocks. With respect to seismic reflection
profiling the primary limitations to consider are the reflections from subsurface density
contrasts. Density contrast reflections arrive at geophones at almost the same time as the
higher amplitude ground roll and air blast making them difficult to image. Reflections
from greater depths arrive at geophones after the ground roll and the air blast has passed,

making deeper targets easier to profile.
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Both the gravity anomaly profile and magnetic anomaly profile reveal that there
is a shallowing of the basement rock. Additionally along both profiles in the identical
location an anomalous feature is observed that still may be attributed to a listric fault.
Unfortunately the seismic reflection profiling did not reveal and corroborate the presence
of a fault.

The lack of any significant exposed structure is the direct result of post
formational tilting. This post formational tilting dips about 0.95 meters per kilometer
towards the southwest. This tilting in conjunction with modern day erosion has resulted
in the exposure of Big Rock and accounts for the lack of crater rim exposed at the
southwestern boundary of the structure, (McCabe, H. R., and Bannatyne, R. B., 1970).

According to the Earth Impact Database, 178 impact structures on Earth are
recognized. This number continues to increase each year with the discovery of three to
five new impacts (Grieve and Pesonen, 1992). This quantity is not as high on Earth as
expected when compared with what can be readily counted on the Lunar or Martian
surfaces. Visible extraterrestrial craters are rare because Earth is a dynamic planet with
an atmosphere that constantly erodes higher elevations to base level and plate tectonics
that recycle the planet’s surface. The present day St. Martin impact structure, with its
lack of surface expression, is an example of how these erosional processes erase surface
features. With no evident surface features, the St. Martin structure has been almost

completely characterized completely by geophysical methods.
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