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1.0 Executive Summary 
Analysis of fractures observed in outcrop and corresponding topographic lineaments 
detected from aerial photographs and digital elevation data indicates the presence of well-
developed, systematic vertical fracture sets in the Amabel and Manitoulin Formations 
that underlie the proposed Highland quarry site.  These fractures are pervasive, have 
significant vertical depth extent and have peak trends oriented 140°, 110°, 050° and 015°.  
Of these fractures the ~110° set and a distinctive additional set trending 095° is 
particularly well developed in the Amabel Formation.  The presence of the latter set in 
the area may be due to mechanical irregularities within this unit related to EW-oriented 
carbonate megashoals.  Although all vertical fracture sets in the bedrock of the area 
probably close with depth, they should be considered as significant ground water flow 
and recharge conduits in hydrogeological models.  All fractures in the bedrock of the area 
belong to regionally developed sets that formed during Paleozoic to Mesozoic loading 
events.  Relatively recent processes such as escarpment retreat, quarry excavation and 
karst weathering have acted to open these fractures locally. 
 
2.0 Introduction & Methods of Study 
A sound understanding of the nature of fractures in the Paleozoic bedrock in the environs 
of the proposed Highland Quarry, Osprey Township is required for the development of a 
well-constrained ground water flow model.  This report presents an analysis and 
evaluation of the characteristics of fractures in the Amabel and Manitoulin Formations 
that underlie the proposed quarry site. 
 
Assessment of fractures in the study area was carried out during November 2005.  The 
analysis included reprocessing of fracture orientation data collected during an earlier 
study (Jaggar Hims Ltd., 2005), a site visit on Nov. 7 to observed fractures at the 
Duntroon Quarry and a number of outcrops (natural and abandoned quarries) in the area, 
photogeological interpretation of 1:20,000 scale aerial photographs, processing and 
interpretation of 10m digital elevation data, and interpretation of 1:1,000,000 scale 
aeromagnetic data. 
 
Reprocessing of Jaggar Hims fracture data was carried out using Spheristat v2.2 (Pangaea 
Scientific).  Aerial photographs were processed with Corel Photopaint v11 and 
lineaments were analysed using Image J v1.34 and Spheristat v2.2.  Digital Elevation 
Models (DEM) and their derivatives were generated with Surfer v7.0.  Interpretation of 
aeromagnetic anomalies was done using a published, hard copy shaded relief image of 
the total magnetic field (Gupta, 1991). 
 



3.0 Current Status of Knowledge 
The most comprehensive analysis of fracturing in the Paleozoic bedrock of south central 
Ontario to date is that of Andjelkovic et al. (1996, 1997, 1998).  In addition, a regional 
basement fracture pattern model has been proposed by Sanford et al. (1985), based on 
isopachs on the base of the Paleozoic and the Rochester Formation.  More local studies, 
relevant to this report are those of Rutty & Cruden (1993) in the Balsam Lake area and 
Gartner Lee Ltd (1996) at Smithville.  It should be noted that none of these studies has 
examined the area around the Highland site, or fracture patterns in the Amabel Formation 
explicitly. 
 
3.1 Regional Fracture and Lineament Patterns 
Andelkovic et al. (1996, 1997, 1998) measured ~7000 fracture orientations from outcrops 
and quarries between Georgian Bay and Kingston (Fig. 1).  The bulk of these 
measurements were from Ordovician strata (Shadow Lake, Gull River, Bobcaygeon, 
Verulam, Lindsay, Georgian Bay Formations), with the remainder coming from Silurian 
units exposed in Prince Edward County (Amabel Formation) and from the crystalline 
Precambrian basement exposed north of the trace of the Precambrian/Paleozoic 
unconformity.  This study was supported by analysis of 1000’s of lineaments detected 
from Landsat TM and Radarsat SAR images of the same area (Fig. 2).  Andelkovic et al. 
concluded three major findings: 1) that topographic lineaments are controlled by fractures 
in the underlying rocks (i.e., lineaments are a good proxy for characterizing bedrock 
fractures); 2) that fractures in the Paleozoic rocks retain a remarkable consistency across 
the region (i.e. they are systematic); and 3) that an important subset of the fracture 
population (NNE-trending set in the west, NE-trending set in the east) is controlled by the 
orientation of pre-existing structural trends in the underlying Precambrian basement.  In 
the western part of their study area (i.e., closest to the Highland Quarry site) the major 
fracture sets measured in Ordovician strata are oriented SE (122°-160°), NNE (011°-
064°) and ENE (065°-089°) (given in decreasing order of abundance).  Of relevance to 
the present study, a fourth major set trending ESE (090°-120°) becomes important to the 
east and higher up in the stratigraphy(Fig. 1). 
 
3.2 Local fracture study data 
Rutty & Cruden (1993) conducted a fracture study in the Balsam Lake area east of 
Orillia, where Ordovician rocks of the Bobcaygeon and Verulam Formations are 
exposed.  Using a similar outcrop measurement and remote sensing approach to 
Andjelkovic et al. (1996, 1997, 1998) they determined that fractures in the area have peak 
trends oriented 091°, 027° and 152°.  Post-glacial (i.e., <12,000 yr) pop-up structures in 
the area are predominantly oriented 118°, and have nucleated on a sub-set of the ESE 
fracture set.  These pop ups are interpreted to have formed during rapid release of high 
in-situ tectonic stress shortly after the retreat of the Laurentian ice sheet. 
 
Joints measured in the Eramosa, Vinemount, Ancaster, Niagara Falls and Gasport 
Members of the Silurian Lockport Formation exposed in quarries and excavations in the 
Smithville area have peak orientations at 152°, 132°, 082°, and 018° (Gartner Lee Ltd. 
1996), which correspond to the SE, ESE, ENE and NNE trending sets of Andjelkovic et 
al. (1997) in stratigraphically lower units to the north east. 



 
3.2 Timing and mechanism of fracture formation in Southern Ontario 
The majority of fractures observed in Southern Ontario are joints (a fracture across which 
there is no fracture plane parallel displacement, and negligible fracture plane normal 
displacement).  Joints form in response to loading or unloading of the rock mass and the 
joint (or fracture) plane is oriented parallel to the maximum principal stress and normal to 
the minimum principal stress.  Jointing occurs under three types of loading regime: 1) 
during vertical compaction under conditions of high pore fluid pressure; 2) during 
tectonic loading events (compressional = horizontal maximum stress + horizontal 
minimum stress; extensional = vertical maximum stress + horizontal minimum stress); 
and 3) unloading and isostatic rebound (horizontal maximum stress + vertical minimum 
stress).  Vertical joints in Southern Ontario have formed since the Paleozoic due to 
mechanisms 1 and 2.  Horizontal (or bedding parallel) joints (or release joints) have 
formed due to mechanism 3, and have most likely been enhanced during cycles of glacial 
loading and unloading during Quaternary glacial and interglacial events. 
 
Andjelkovic et al. (1996, 1997, 1998) have proposed the following scenarios for the 
formation of the major systematic vertical joint sets in South central Ontario, in 
chronological order. 

• NNE-trending set: these joints track the orientation of the structural grain of the 
underlying Precambrian basement with remarkable consistency.  They are 
interpreted to have formed due to differential compaction of Paleozoic sediments 
over a structurally controlled “corrugated” basement-cover interface under 
conditions of high pore fluid pressure (i.e., mechanism 1 above). 

• SE-trending set: most likely formed due to high in-plane stresses transmitted into 
the foreland of the Appalachian orogeny (i.e., mechanism 2 above). 

• ESE-trending set: formed due to regional extension of the crust that affected all of 
eastern North America during the Jurassic breakup of the Atlantic ocean (i.e., 
mechanism 2 above). 

• ENE-trending set: may be neotectonic in origin (i.e., formed during the current 
tectonic stress regime, which is attributed to mid Atlantic ridge push and has 
remained approximately constant since the Cretaceous). 

 
An important consideration with these interpretations is that most vertical joints in south 
central Ontario are significantly older than the last glacial epoch.  Processes such as stress 
release due to the SW erosional advancement of the Niagara escarpment (which is itself a 
pre-glacial landform) or quarry excavation activities, or solution effects during karst 
weathering act to open pre-existing fractures, rather than create new ones.  However, 
from a groundwater movement perspective such joint-opening processes are critical for 
the development of fracture permeability. 
 
4.0 Results of Study 
 
4.1. Jaggar Hims Fracture Data 
Jaggar Hims Ltd. personnel measured 235 joints in natural and artificial outcrops of the 
Amabel and Manitoulin Formations in the study area.  They used the traverse mapping 



method at each site, measuring the strike and dip of all joints at chest height along the 
length of each outcrop.  The vertical and lateral continuity and aperture of individual joint 
planes were not recorded, due to outcrop conditions. 
 
The Jaggar Hims joint data set was reprocessed with Spheristat v2.2, using a circular 
counting routine that uses a Gaussian function to smooth out noise in the data and to test 
for statistical significance of orientation peaks (Robin & Jowett 1986).  This approach 
produces a “propeller diagram”, similar to the commonly used “rose diagram”.  Because 
most joints are subvertical, analysis based on joint strike alone is justified. 
 
4.1.1 Major Joint Sets 
Figure 3 plots all joints measured by Jaggar Hims.  Major peaks, in decreasing order of 
significance are observed at 143° (15.4%), 103° (11.7%), 048° (11.5%), 015° (9.3%), 
162° (8.8%) and 078° (8.7%).  These peak trends are essentially the same as those 
reported by Jaggar Hims to a few degrees.  It should also be noted that all peaks fall 
outside of the circle corresponding to the expected if all measurements were distributed 
isotropically (E in Fig. 3), meaning that they are statistically significant.  Also noteworthy 
is that these peak trends and their ranges correspond to the regional NNE-NE, ENE, SE 
and ESE joint sets reported by Andjelkovic et al. (1997). 
 
4.1.2 Variability Between Formations 
Joint orientation data is available for the Amabel and underlying Manitoulin Formations 
and is plotted in Figure 4.  Both units share common joint sets with peaks oriented 143-
145°, 108-109°, 009-013°, 066-077° and ~164°.  Statistically significant differences 
between the formations are a major peak at 095° present in the Amabel that is absent in 
the Manitoulin, and a strong peak at 077° in the Manitoulin that is not well represented in 
the Amabel, except for a minor trend at 066°.  The origin of the important 095° joint set 
in the Amabel Formation is currently unknown.  However, it may be linked to the 
differences in major primary structure between the Amabel and Manitoulin Formations, 
which are the presence or absence of well defined beds (Manitoulin) and elongate 
carbonate megashoals (Amabel).  Since the main trend of carbonate megashoals (as 
indicated by topographic ridges) in the Amabel Formation in study area is sub parallel to 
the 095° joints, it is tempting to choose the latter interpretation.  In this case the 095° 
trending joint set could have formed under a local stress regime set up within massive, 
elongate carbonate megashoal structures during one of the loading events discussed in 
Section 3.2.  Further research is required to test this hypothesis. 
 
4.1.3 Variability Between Sites and Outcrop Type 
In order to evaluate whether excavation activity influences the expression of jointing, 
fracture data from natural outcrops are plotted separately from quarry face data for both 
the Amabel and Manitoulin Formations in Figure 5.  Although the plots for each unit look 
quite different, close inspection indicates that peak trends are similar in both exposure 
types, although the intensities are different.  For example a major peak trend of 013° is 
dominant in exposures of Manitoulin Formation in the Swinton quarry, but this trend is 
only weakly expressed in natural outcrops of the same unit.  Likewise, a broad maximum 
peak at 095° is prominent in the Amabel Formation within Duntroon quarry, while the 



same set in natural outcrops is narrower and less pronounced.  These observations 
indicate that either quarry operations tend to enhance pre-existing joints (e.g., by 
horizontal stress release adjacent to vertical excavation faces) or that there is 
measurement bias between natural and artificial exposures.  It is unlikely that blasting 
creates new systematic joints. 
 
The question of excavation activity versus sample bias (i.e., caused by variation in 
spacing of joint sets versus the orientation of the quarry wall under investigation) is 
highlighted by comparing joint orientation data measured from different faces of the 
Duntroon quarry (Fig. 6).  Although in some instances data are too few to produce 
statistically meaningful results (e.g., west face with only 6 measurements), there are 
significant differences between faces, although the major sets identified above are present 
in all. 
 
4.2 Field Observations 
The above analysis of joint orientations focuses entirely on orientation frequency and 
does not include any weighting based on other important fracture attributes such as 
vertical or horizontal length extent, spacing or aperture.  Ignoring such dimensional 
features can significantly over- or under-estimate the importance of certain joint sets for 
the purposes of ground water flow modeling.  For example one fracture with significant 
lateral and or vertical extent can transport many times more fluid than many joints that 
are confined to a single bed.  In order to evaluate this question, a general evaluation of 
joint characteristics was made in the field. 
 
4.2.1 Duntroon Quarry 
Major fractures with vertical extent equal to or greater than the present excavation depth 
are well developed in the Amabel formation at the Duntroon quarry (Figs. 7 & 8a).  
Some, but not all vertical fractures have a tendency to close downwards approaching the 
quarry floor (Fig. 7c), which is a manifestation of the confining stress relief associated 
with quarry operations discussed above (Section 4.1.3).  As indicated by the propeller 
diagram for this location (Fig. 5) the dominant set trends ~095°.  However fractures with 
significant vertical extent that trend ~010°, 050° and 140° are also observed.  Major (or 
master) fractures in the quarry are frequently coated with a brown staining.  Although not 
analysed here, this staining may be due to either iron oxide minerals or to organic 
tannins, both of which would indicate a significant history of water migration along 
fracture planes at some point in time.  A low-angle fracture plane was also noted at the 
southern wall of the quarry, which was a seeping copious amount of water into an 
underlying settling pond (Fig. 8a).  The water in question is most likely flowing from an 
upgradient portion of the settling pond system, and is therefore not ground water of 
recharged water. 
 
4.2.2 Swinton Quarry 
Although joint orientation data for the Manitoulin Formation exposed in the Swinton 
quarry shows a dominant set trending 013° (Fig. 5), field observation indicates that joints 
tending ~100° have the greatest vertical and lateral extent, followed by fractures trending 
~050° (Fig. 8 & 9a).  The statistically most abundant 013° trending joints are closely 



spaced and are confined to individual (primary) beds, which are typically 20 to 40 cm 
thick, whereas the ~100° trending joints are spaced several meters apart but penetrate the 
entire height of the outcrop. 
 
4.2.3 Singhampton Caves 
Spectacular vertical joints in the Amabel Formation are exposed on the Niagara 
Escarpment at Singhampton Caves (Fig. 9).  Fracture surfaces exceeding ~10m in height 
trend ~050°, ~110° and ~140° parallel to joints measured in outcrops located inboard 
from the escarpment.  This indicates that erosion of the escarpment has exploited pre-
existing vertical fractures, rather than generate new ones.  Inspection of Figure 9 also 
reveals evidence (light grey surface staining) for water discharge from both sub-
horizontal bedding parallel fractures and from the bases of vertical joints. 
 
4.3 Photogeological Study 
Four 1:20,000 scale aerial photographs from two flight lines (FBS025a-FL3-083 & 085; 
FBS033a-FL4-001 & 003) were inspected for the presence of lineaments (see Fig. 10 for 
airphoto locations).  As demonstrated by Andjelkovic et al. (1996, 1997) linear terrain 
features (e.g., escarpments, straight lake and stream segments) in south central Ontario 
are usually controlled by fractures in the underlying bedrock.  Lineament analysis was 
conducted in the study area to evaluate whether outcrop scale joint measurements are 
significant at the local to regional scales. 
 
Photogeological interpretation of the aerial photographs revealed lineaments are 
generally absent over most of the study area except for in the vicinity of the Niagara 
Escarpment and within prominent drainage features.  Subareas extracted from the aerial 
photographs which contain linear terrain features are shown in Figures 11 and 12, and 
their locations are indicated in Figure 10.  In each subarea either straight stream segments 
(Highland Site, Beaver River and Singhampton/Mad River subareas) or straight edges of 
the Niagara Escarpment were delineated (white line segments in Figures 11 and 12) and 
measured.  In the study area linear terrain features that are likely controlled by bedrock 
fractures are subtle.  Straight stream segments are on the order of 10 to 100m in length in 
narrow drainages (e.g., Highland and Beaver River subareas) and up to 200m in length in 
wider streams (e.g., Mad River, Singhampton subarea).  Straight sections of the Niagara 
Escarpment range from <50 to >400 m in length (Rob Roy and Escarpment areas). 
 
For comparison purposes a subscene of the air photo over the Duntroon Quarry and 
proposed Highland Quarry sites is shown in Figure 13.  No lineaments are discernable 
within the Highland site limits, which is due to a lack of well developed drainage features 
and agricultural activities.  However, immediately south of the site, in the north part of 
the Highland subarea, there are at least three well-defined 150 – 200 m long straight 
sections in the stream that drains westward from the SW corner of the Duntroon Quarry 
site (white arrows in Fig. 13).  Two of these lineaments are parallel to the 095° joint set 
observed in the adjacent Duntroon Quarry and the third conforms to the ~140° trending 
set. 
 



Lineament orientations in the five airphotoc subareas are plotted as propeller diagrams in 
Figures 14 and 15.  With the exception of a prominent set oriented ~030°, lineaments in 
the study area show a remarkable parallelism with measured joints (Figs. 3 and 14).  This 
indicates that fractures measured at the outcrop scale are representative of a regionally 
pervasive population that occurs in the bedrock throughout the study area.  As with the 
joint data, there are significant differences between lineaments by type (Fig. 14) and sub 
area (Fig. 15).  This probably reflects different processes that act to exploit vertical 
fractures during weathering and erosion (i.e., stream incision versus mass wasting and 
toppling) rather than major spatial variations in fracture population.  The ~030° lineament 
trend is clearly anomalous in that it corresponds to a pronounced minimum in the joint 
orientation data.  Although this observation requires further investigation, it is suggested 
that this lineament trend is related to the regional dip of the Paleozoic strata, which 
corresponds to the preferred trend of streams in the area.  All other lineament orientations 
therefore represent deviations from the regional slope and represent stream courses that 
exploit bedrock fractures. 
 
Of particular relevance to the present study are lineaments measured in the Highland sub 
area (Fig. 15).  These features are observed in a stream that drains from wetland south of 
the Highland site and west of the Duntroon Quarry (Figs. 11 and 13).  Lineaments in this 
area are very similar in orientation to those measured in the Duntroon Quarry, most 
notably sets oriented 095°, 112°, 140° and ~050°.  As noted above and indicated in 
Figure 13, three very prominent lineaments, parallel to the main 095° and 140° joint sets, 
are observed immediately south of the Highland site boundary.  Although no lineaments 
intersect the Highland site per se, these observations provide a strong indication that 
jointing in the exposed Duntroon Quarry is a good model or proxy for jointing in the 
proposed Highland site.   
 
4.4 Digital Elevation Data 
Time precluded a detailed analysis of 10 m digital topography data (Fig. 16).  However, 
examination of the digital elevation model (DEM) for the region indicates that the 
Niagara Escarpment is strongly controlled, in detail, by fractures oriented ~050°, 140° 
and 100°.  Of particular note in the Highland study area are prominent ridges west of the 
Escarpment trending ~095° that are probably related to carbonate megashoal trends 
within the Amabel Formation (e.g., Smith & Legault 1985).  These ridge/reef trends are 
parallel to the prominent ~095° joint and lineament sets documented above.  Although a 
causal relationship is yet to be proven, it is interesting to speculate that the anomalous 
095° joint and lineament trend might be related to differential compaction over relatively 
massive EW-trending megashoal complexes during early diagenesis of the Amabel 
Formation.  Regardless of their origin both the massive EW-trending carbonate 
megashoals and the associated joints should be considered in future groundwater flow 
models. 
 
4.5 Aeromagnetic Data 
Total aeromagnetic field data indicate that the study area is underlain by a significant 
transition in magnetic anomaly orientations from NNE-trending in the east to NW-
trending in the west (Fig. 17).  These magnetic anomaly patterns correspond to 



differences in the structural grain within the crystalline Precambrian rocks that underlie 
the Paleozoic sequence.  While it is tempting to equate the ESE and NNE trending 
lineament and joint sets observed in the study area to these basement features, further 
analysis is required to verify such relationships. 
 
5.0 Implications for Geological Models 
Analysis of Jagger Hims (2005)  fracture orientation data, field observations of fractures 
and an aerial photograph lineament study lead to the following predictions for the 
bedrock structure underlying the proposed Highland Quarry site.  Since no fractures have 
yet been observed in outcrops within the Highland site and no lineaments are observed to 
intersect the site, these predictions are based on a conservative extrapolation from areas 
of better constrained fracture characteristics. 

• Vertical fractures (joints) in the Amabel and Manitoulin Formations can be 
grouped into systematic sets with peak orientations, given in approximate 
decreasing frequency, ~140°, 110°, 050°, 015°, 080°.  These joint sets are part of 
a regional and predictable pattern of fractures. 

• The Amabel Formation also contains a persistent and statistically important (i.e. 
dominant) set of ~095° trending vertical joints that is absent in the Manitoulin 
Formation.  It is speculated that development of this joint set is related to the 
presence of ~095° trending carbonate megashoal complexes in the Amabel that 
constitute major primary structural heterogeneities within this unit. 

• It is unlikely that any of the above joint sets formed in response to recent quarry 
operations, although such operations will act to open the fractures. 

• The Amabel formation is poorly bedded, which favours the development of 
vertical fractures with significant depth extent (i.e., at least the height of the 
Duntroon Quarry walls).  Based on limited aerial photograph observations some 
of these vertical fractures have horizontal trace lengths of up to 200m adjacent to 
the Highland Quarry site, and up to 400 m in length adjacent to the Niagara 
Escarpment.  The horizontal spacing of vertical joints in the Amabel Formation 
has not been determined in this study with any precision.  Limited field 
observation (Duntroon Quarry and aerial photographs) indicates a characteristic 
spacing in the 5 to 50 m range. 

• The Manitoulin Formation is characterized by well-defined primary horizontal 
beds with thicknesses on the order of 10 to 30 cm.  This has favoured the 
development of many closely spaced (<< 1 m) vertical joints of limited vertical 
extent.  However, significant, spaced (> 1 m) through going joints trending 100-
110° are also observed in this unit. 

 
The following points should be considered for future groundwater modeling and quarry 
operations. 

• Groundwater flow models of the Amabel Formation should consider vertical 
joints oriented primarily ~100° and ~140° as potential groundwater flow conduits.  
Many of these fractures probably traverse the entire unit (i.e. ~20m), have 
horizontal spacing between 5 and 50m and horizontal trace lengths of up to 400 
m.  Given the finite horizontal length of individual fractures, horizontal ground 
water flow along them will be limited, unless they form an interconnected 



network.  The degree of networking between vertical fractures could not be 
determined in this study, and would require detailed mapping of well exposed 
pavements.  No suitable pavements were observed in the study area.  A more 
likely model for fractures is that they can act as conduits for vertical ground water 
flow, capable of feeding water into bedding-parallel fractures at depth.  
Evaluation of the transmissivity of vertical fractures is beyond the scope of the 
present study and known hydrogeological tests. 

• The role and importance of bedding-parallel fractures in the Amabel Formation 
could not be assessed in the present study.  However, limited observations at the 
Duntroon Quarry and at Singhampton caves indicate that they exist and are 
capable of transmitting water, and should therefore be included in groundwater 
flow scenarios. 
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Fig. 4. Propellor plots of subvertical joints in the study area subdivided by
stratigraphic unit (Jaggar Hims data).
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Fig.7. Joints in the Amabel Formation, Duntroon Quarry. A. North wall, arrow indicates
~095 trending fracture coated with iron oxides or organic tannins. B. East wall, arrow
indicates ~010 trending fracture. C. East wall, single arrows indicate ~095 trending fracture
and double arrows indicate ~140 trending fracture. D. East wall, arrows indicate parallel
~050 trending fractures.
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Fig. 8. A. Duntroon quarry south wall. ~095 and 050 trending fractures
are indicated. Note low angle fracture seeping water indicated by arrows.
B. Manitoulin Formation exposed in the west wall of the Swinton quarry.
Major ~100 trending fractures are arrowed.
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Fig. 9. A. Close up of Manitouln Formation in the Swinton quarry west wall.
Major ~100 trending and minor ~050 and ~013 trending fractures are indicated.
B. ~ 110 trending fracture surface in  A mation, Niagara Escarpment,
Singhampton caves.
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Fig. 10. Extract from1:50,000 NTS map sheet 041 indicating approximate
locations of the Duntroon quarry and Highland sites (blue), 1:20,000 scale
aerial photographs employed for the lineament analysis (black) and subareas
extracted from the aerial photographs used for lineament measurement (red).
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Fig. 11 Aerial photograph subareas containing lineaments that are
controlled by underlying bedrock fractures (straight stream segments
and linear escarpment edges). White lines indicate interpreted
lineaments (straight stream segments and linear segments of the
Niagara Escarpment. White arrows indicate prominent lineaments
located on the southern edge of the Highland Quarry site.
See Fig.10 for locations.
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Fig. 12. Aerial photo subarea covering the Duntroon quarry site (in south)
and the Niagara Escarpment. White lines indicate linear segments of the
Niagara Escarpment that are interpreted to be controlled by systematic
joints in the Amabel and Manitoulin Formations.
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Fig. 13. Aerial photograph of the Duntroon Quarry and proposed Highland Quarry
sites (blue box). Red box indicates location of the Highland Subarea analysed in the
lineament study. White arrows indicate prominent linear drainage features located
south the Highland Quarry site. These lineaments are interpreted to be controlled
by ESE and SE-trending systematic joints in the Amabel Formation.
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Fig. 14. Propeller diagrams of lineament orientations measured in the study area.
Top diagram plots all measured lineaments and the lower two diagrams subdivide
lineaments observed defining edges of the Niagara Escarpment and straight stream
sections.
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Fig. 15. Lineament data for aerial photograph subareas.



Fig. 16. Digital elevation model for the Collingwood area. Box indicates
approximate location of the study area.



Fig. 17. Shaded image of the total magnetic field of the area underlain by the study
region (white box) from Gupta (1991).



Fig. 1Bedrock joint data in South central Ontario (from Andjelkovic et al. 1997). Black rose
diagrams (or propellor digrams) are joints in Paleozoic (local and regional sub-populations and
grey rose diagrams are for Precambrian basement rocks. Total measurements ~ 7000..

Fig. 2. Rose diagrams of lineaments interpreted from Landsat TM and Radarsat image data.
Subdivision of data is based on underlying bedrock unit (Paleozoic vs. Precambrian) and basement
terrane type.
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Fig. 3. Propellor plot of all subvertical joints measured by Jaggar Hims Ltd (2005)
in the study area. Large numbers indicate peak joint trends, small numbers indicate
limits between joint sets. The intermediate circle (E) is the expected frequency if all
joints measured were distributed evenly around the compass. The outer dashed circle
is the 95% confidence level for peak significance and the inner dashed circle is the 95%
confidence level for through significance.
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