
Science Atlantic’s 69th Annual Atlantic Universities  

Geoscience Conference 
 

 

 

October 24th – 26th, 2019 
 

 

 

 

 

 

 

 

 

 

  



 

2 
 

Directory 
 

Sponsors 4 

Schedule of Events  6 

Letter from AUGC Co-Chairs 7 

Letter from the Department Chair 8 

Letter from the Dean of Science 9 

Antigonish and Campus Maps 10 

AUGC 2019 Organizing Committee  12 

Judges    13 

Presentation Schedule    14 

Poster presentations 15 

Oral presentations 16 

Keynote Speaker Cashel Meagher    17 

Guest Speaker Susan Lomas    18 

Abstracts  19 

Field Trip Guides    38 

     Moose River Gold Mine    38 

     Mechanisms of Igneous Intrusions above Subduction Zones    41 

     Sedimentary Signals of Regional Tectonics   54 

     Pressure and Temperature Space   72 

Atlantic Universities Geoscience Conference (AUGC) Awards    73 

     Science Atlantic Best Paper Award    73 

     Imperial Oil Best Poster Award    74 

     Canadian Society of Petroleum Geologists (CSPG) Award    75 

     Canadian Society of Exploration Geophysicist (CSEG) Award    75 

     The Frank S. Shea Memorial Award in Economic Geology    76 

     Atlantic Geoscience Society Environmental Geoscience Award    77 

 
 
 
 
 
 
 
 

 
 
 
 
 
 



 

3 
 

Sponsors 
 

Platinum Level Sponsorship ($3,000+) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Silver Level Sponsorship ($1,000+) 
 

 
 

 
 
 
 

 
 

 

 

 

 

 



 

4 
 

Bronze Level Sponsorship ($250+) 
 

Erdene Resource Development 

Exxon 

Nova Scotia Community College (NSCC) 

Nova Scotia Department of Energy and Mines 

Professional Engineers and Geoscientists of New Brunswick (APEGNB) 

Tata Steel Minerals Canada 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



 

5 
 

Schedule of Events 
 

Thursday, October 24th 
REGISTRATION 

4:00pm – 6:00pm: Physical Science Building (2nd floor) 

 

SOCIAL EVENT 

7:00pm – 10:00pm: Schwartz Gallery (3rd floor in the Schwartz School of 

Business) 

 

Friday, October 25th  
FIELD TRIPS 

7:30 am - 4:00 pm: Meet outside the Charles V. Keating Centre (KMC) for bus 

pick up. Please bring appropriate field gear (Day bag, water, rain gear, etc.) Be 

prepared for inclement weather! 

 

CHALLENGE BOWL (hosted by CSEG): 

7:00 pm - 8:00 pm: McKenna Centre (4th floor Schwartz School of Business) 

 

FARIBAULT CLUB TRIVIA: 

8:00 pm - 10:00 pm: McKenna Centre (4th floor Schwartz School of Business) 

 

Saturday, October 26th  
STUDENT PRESENTATIONS, POSTER FAIR, AND TRADE SHOW 

9:00 am - 4:00 pm: Mulroney Hall 

 

LUNCH: 

12:00 pm - 1:00 pm: Mulroney Hall Second Floor 

 

CLOSING BANQUET: 

6:00 pm - 10:00 pm: Royal Canadian Legion Branch 59 (83 St Ninian Street) 

 

SOCIAL EVENT: 

11:00 pm - 1:00 am: Dooly’s Antigonish 

 

Sunday, October 27th  
CHECK-OUT: 

11:00 am 
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October 24th, 2019 
 
Dear AUGC 2019 attendees,  
 
Welcome to the 69th annual Atlantic Universities Geoscience Conference! The Faribault Geology 
Society and the StFX Department of Earth Sciences are very excited to host this important 
event. Over the conference weekend you will have the opportunity to participate in various 
events such as a meet and greet, field trips, trivia and student presentations. We hope 
everyone has great conference where they can learn, meet new people and most importantly, 
have fun!  
  
With the amount of work planning this conference entails, we could not have done it alone. 
Special thanks to all our sponsors, without them, this conference would not be possible. Thank 
you to our planning committee and faculty advisors, Jamie Braid and Donnelly Archibald who 
have put in countless hours of their time to make this conference a success. An additional thank 
you to Wendy Langley and Iain Boyd for assisting in the fundraising process and for their 
advice. Thank you to Michelle MacPherson of Science Atlantic for her significant assistance in 
making sure the conference will be a success.   
  
We have learned a lot over the 12 months of planning this conference and are excited to 
continue this significant tradition. We hope conference attendees will take this opportunity to 
make new friends, expand their horizons and enjoy their time here at StFX.   
  
Sincerely yours,   
  
Alison Barkhouse and Lauren Macquarrie   
Conference Co-Chairs   
AUGC 2019   
St. Francis Xavier University   
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October 24, 2019 

 

Dear AUGC Participants, 

 

On behalf of the Department of Earth Sciences, I am pleased to welcome you to St. Francis Xavier 

University for the Atlantic Universities Geoscience Conference. 

 

The AUGC has a long tradition of excellence in terms of presentation of high-quality research 

conducted by students of the region. The combination of technical sessions, field trips and 

workshops, and social events provides great opportunities for both learning and networking – both 

essential aspects of career development.  

 

We are grateful for the financial support and encouragement of all the sponsors and university 

participants in this event. The AUGC would not be possible without this support.  

 

Best wishes and I hope that you enjoy and benefit from all aspects of the 2019 AUGC. 

 

 

Hugo Beltrami 

 

Chair, Department of Earth Sciences 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
D EPA RTM EN T O F EA RTH  SCI EN CES

St. Francis Xavier University ·  PO  Box 5000 ·  Antigonish, Nova Scotia ·  Canada  B2G 2W5 ·  T. 867-5109/ 902-867-2196

	

October	24,	2019	
	
Dear	AUGC	Participants,	
	
On	behalf	of	the	Department	of	Earth	Sciences,	I	am	please	to	welcome	you	to	St.	Francis	
Xavier	University	for	the	Atlantic	Universities	Geological	Conference.	
	
The	AUGC	has	a	long	tradition	of	excellence	in	terms	of	presentation	of	high-	quality	
research	conducted	by	students	of	the	region.	The	combination	of	technical	sessions,	field	
trips	and	workshops,	and	social	events	provides	great	opportunities	for	both	learning	and	
networking	–	both	essential	aspects	of	career	development.	
	
We	are	grateful	for	the	financial	support	and	encouragement	of	all	of	the	sponsors	and	
university	participants	in	this	event.	The	AUGC	would	not	be	possible	without	this	support.	
	
Best	wishes,	and	I	hope	that	you	enjoy	and	benefit	from	all	aspects	of	the	2019AUGC.	
	
	
	
	
	
Hugo	Beltrami	
Chair,	Department	of	Earth	Sciences	
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Antigonish Town Map 
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AUGC 2019 Organizing Committee 
 

Lauren Macquarrie – Co-chair/Treasurer Alison Barkhouse – Co-chair/Finance 

Shae Nickerson – Field Trips Rebecca Sheehan – Catering/Hospitality 

Kirsty Malay – Events/Program Colin Potts – Program 

Josie Sullivan – Publicity Coordinator Nicolas Maddock – Outreach 

Samuel Fromm – Guest Accommodation  

 

Special Thanks 
 

Dr. James Braid 

 

Susan Lomas 

 

Dr. Donnelly Archibald 

 

Cashel Meagher 

 

Dr. Mike Melchin 

 

Saint Francis Xavier University 

 

Dr. Brendan Murphy 

 

Sobey’s Antigonish 

 

Dr. Alan Anderson Dooly’s Antigonish 

 

Olivia Pushie 

 

Waffle Bus 

 

Sean Freeborne 

 

Canso Co-op/Foodland 

Rachael Turner 

 

Goodlife Antigonish 

Rachel Lewis 

 

Antigonish 5¢ to $1 

Ross Screenprint  
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Judges 
Dustin O’Leary  

Representative from Atlantic Gold 

 

Megan Laracy 

Industry representative from Exxon 

 

Chelsea Squires 

Industry representative from CSEG 

 

Andrea MacFarlane 

Industry representative from CSPG 

 

Florence Sigut 

Industry representative from the Mining Society of Nova Scotia  

 

Deanne VanRooyen 

Academic representative from Cape Breton University  
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Student Presentation Schedule  
 

Saturday, October 26th  

8:30am – 4:00pm  

St. Francis Xavier University, Mulroney Hall Auditorium 
 

8:30am – 9:00am Set up 

9:00am – 9:20am  Shae Nickerson 

9:20am – 9:40am  Natalie McNeil 

9:40am – 10:00am  
 

Andree Roy-Garand 
 

10:00am – 10:20am  Coffee Break 

10:20am – 10:40am  Poster Session (Mulroney Hall) 
 

10:40am – 11:00am  Lauren Macquarrie 

11:20am – 11:40am  Miquel Vaccaro 

11:40am –12:00pm Logan M. Cormier 
 

12:00pm – 1:00pm  Lunch 

12:30pm – 1:00pm  Executive Meeting (M3022 Mulroney Hall) 
 

1:00pm – 1:20pm  Rachel Noddle 

1:20pm – 1:40pm Alison Barkhouse 

1:40pm – 2:00pm  Taylor Gregory 

2:00pm – 2:20pm  Coffee Break 
 

2:30pm – 4:00pm  Poster Session (Mulroney Hall) 
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Poster Presentations 
 

Author Title University 

Bay Berry 

Permafrost coast sensitivity to air 

temperature and storm influence on Pullen 

Island, N.W.T. 

Dalhousie 

University 

Alex Bugden 

Detailed seismostratigraphy and well log 

analysis of the Saglek Basin, offshore 

Labrador, using regional seismic reflection 

profiles and intersecting wells. 

Memorial 

University 

John Mishael 

Dooma 

Paleoenvironment reconstruction of the 

Cambrian-Ordovician boundary of Western 

Newfoundland using petroleum biomarkers 

and carbon isotope chemostratigraphy 

Saint Mary’s 

University 

Gabriel Gomez 

Garcia 

Melt and fluid inclusion systematics of the 

Cantung W (Cu,Au) skarn deposit, NWT, 

Canada: modeling W enrichment and fluid 

composition in the adjacent Mine Stock 

intrusion. 

Saint Mary’s 

University 

Kayla Lawrence 

Examining CO2 sequestration potential and 

subsequent mineral carbonation in ultramafic 

rocks from the Baie Verte, NL area. 

Memorial 

University 

Benjamin Myrer 

Thermobarometry of eclogite from the 

Nordøyane UHP Domain, western Norway: 

Hot enough to melt? 

Dalhousie 

University 

Ryan Parsons 

Petrography of mafic rocks associated with 

polymetallic (Co-Ni-Au-As-Ag-Pb-Sb-Bi) 

mineralixation in the Meguma Terrane, Nova 

Scotia 

Saint Mary’s 

University 

Michael 

Tamosauskas 

Petrography, geochemistry, and economic 

minerals in core from three drill holes in the 

Faribault Brook area, western Cape Breton 

Island, Nova Scotia 

Acadia 

University 

Rosa Toutah 

Isotopic analysis of 65Cu and 63Cu ratio for 

determination of native copper artifacts 

provenance using secondary ion mass 

spectrometry (SIMS) 

Dalhousie 

University 

Andrew Wagner 

Characterization of apatite-hosted silicate 

melt intrusions in magmatic rocks associated 

with the Cantung (W-Cu-Au) skarn deposit, 

Northwest Territories 

Saint Mary’s 

University 
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Oral Presentations 
 

Author Title University 

Alison 

Barkhouse 

Acid rock drainage and potential 

arsenic concentration of natural and 

disturbed environments in the Meguma 

terrane of Nova Scotia 

Saint Francis 

Xavier 

University 

Logan M. 

Cormier 

The first discovery of tetrapod 

trackways from the Pennsylvania 

(Westphalian C), Plymouth Member of 

the Stellarton Formation, Stellarton 

Basin, Nova Scotia 

Saint Mary’s 

University 

Taylor 

Gregory 

Storm frequency and extreme waves in 

Atlantic Canada 

Dalhousie 

University 

Lauren 

Macquarrie 

The age and petrogenesis of the 

Donegal batholith: Insights from 

titanite 

Saint Francis 

Xavier 

University 

Natalie McNeil 

The mineralogy, paragensis, and 

petrogenesis of the polymetallic (Co-

Ni-As-Au) veins of the Nictaux Falls 

Dam Occurenece in the Annapolis 

Valley, Nova Scotia 

Saint Mary’s 

University 

Shae 

Nickerson 

The mineralogy and petrogenesis of 

rare-element granitic pegmatites in 

northeastern Nova Scotia 

Saint Francis 

Xavier 

University 

Rachel Noddle 
Determination of NW Atlantic Coastal 

Isoscape 

Dalhousie 

University 

Andree Roy-

Garand 

Characterization of apatite within the 

Mactung W (Cu,Au) skarn deposit, 

Northwest Territories: implication of 

the evolution of skarn fluids 

Saint Mary’s 

University 

Miguel 

Vaccaro 

Petrology, age, and tectonic setting of 

the Gunshot Brook pluton, eastern 

Cobequid Highlands, Nova Scotia 

Acadia 

University 
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Guest Speakers 
 

Keynote speaker: 

 

Cashel Meagher P.Geo 
  

Cashel is currently Senior Vice President and Chief Operating Officer for the base metal 

intermediate mining company Hudbay Minerals Inc. listed on the New York and Toronto Stock 

exchanges. His oversight accountabilities now include approximately 2000 employees, mining 

operations and activities from exploration, development, operations and closure with operating 

mines in Canada and Peru, and mineral projects in Chile Peru, Canada and the USA. Cashel began 

his career as a geologist having graduated from Saint Francis Xavier University with a Joint 

Advanced major in Geology and Chemistry in 1994. His work experience varies from exploration 

field geologist, to mines management, and mine development. He has had the experience to work 

in many countries in North and South America and values greatly his base knowledge in Geology 

as a foundation to his success. 

 

While geology provided the foundation and catalyst to my rewarding career, the 

fundamentals of geology and its combination of the core sciences (Chemistry, Physics Biology 

and Math) provided a base knowledge necessary for tackling some difficult challenges. I hope to 

share some of the challenges I have faced in my career and why the study of geology gave me a 

grounding and context to meet these challenges. Now as a generalist who must understand many 

complex systems the scientific method remains valuable tool in solving problems. 
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Susan Lomas  
 

Susan has over 30 years of experience in the exploration and mining industry. She spent 

the first 15 years of her career working in a mine and in exploration in Ontario, Quebec, NWT and 

Nunavut.  Susan has spent the last 15 years learning and honing her skills in 3D geology modelling 

and mineral resource estimation.  She is President of Lions Gate Geological Consulting Inc. 

(LGGC).  In February 2018, she founded the Me Too Mining Association to launch a conversation 

in the mining industry around sexual assault, sexual harassment, intimidation and 

discrimination.  In 2018 she was included in the list 100 Inspirational Women in Mining by 

Women in Mining (UK). 

 

“I was inspired to enter mining through my passion for geology and the geological 

sleuthing necessary to locate and define precious metal deposits. This was always my focus. 

The negative cultures and behaviours that sometimes result from mining being male-

dominated impacted me deeply, but I never allowed any of it to stop me.” 

 

Susan will share a story of looking for her first job in the mining industry after graduating 

from University with two male graduates; sometimes it is the third call that is the better one and 

the one worth waiting for!  She will talk about her journey through 30 years in the mining industry 

and the experiences that led her to start the Me Too Mining Association.  The conversations and 

discussions that have started in mining have revealed that most people who are affected by or who 

observe inappropriate workplace behaviours don't know what to do, either in the moment or 

afterwards.  So Me Too Mining has created the DIGGER Program that focuses on active bystander 

intervention strategies, important information to record after an incident and pathways for 

reporting. Susan will briefly discuss the DIGGER Program and hopes to empower everyone to 

step up and step in when someone's safety and well-being are compromised. 
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Acid rock drainage and potential arsenic concentration of natural and disturbed environments 

in the Meguma terrane of Nova Scotia 

Barkhouse, Alison 

StFX University 

 

Mining has had an undeniable stake in Nova Scotia’s rich history with coal operations dating 

back to 1604 in Digby with new operations starting until 1992 in Sydney, Cape Brenton (Men 

in the Mines, 2005). Gold mining specifically, was introduced to Nova Scotia staring in the early 

1860’s and would create production that would last for 80 years and give rise to over 60 gold 

producing districts (Men in the Mines, 2005). Majority of the gold mining in Nova Scotia 

occurred in Southern mainland NS due to the unique geologic processes of the Meguma Terrane. 

The first indication of a significant problem within the area was first recognized in 1976 when 

a man living in Waverley, home to a former operating gold mine, was diagnosed with chronic 

arsenic intoxication (Grantham and Jones, 1977). Since this time, Nova Scotia has implemented 

a provincial multi-disciplinary task force to investigate the occurrence of arsenic in Nova 

Scotian wells (Province of Nova Scotia, 1976). While many of the studies conducted look at the 

concentrations of arsenic in drilled wells, this study is devoted to looking at arsenic 

concentrations of surface waters. Specifically, this study will compare the upstream and 

downstream concentrations of arsenic of former gold mining operations to utilize natural water 

gradients in which the water upstream of the mine would produce samples that resemble natural 

erosion and oxidization whereas the downstream samples from the mines would be 

contaminated with the Acid Rock Drainage (ARD) and thus contain heavy metals such as 

arsenic. The goals of this project are to determine if the arsenic present in the sample areas are 

distinctively a result of the mining processes that have occurred decades ago or if the arsenic 

has always been present as result of the natural, local bedrock geology and made available 

through natural erosion. 

 
Arsenic in Well Water. Government of Nova Scotia Website. Department of Natural Resources. 

Geoscience and Mines Branch. (n.d.). Retrieved October 8, 2019, from 

https://novascotia.ca/natr/meb/water-resources/arsenic.asp. 

 

Grantham, D. A. and Jones, J. F. 1977: Arsenic contamination of water wells in Nova Scotia; Journal 

of the American Water Works Association, v. 69, p. 653–657. 

 

Men in the Mines A History of Mining Activity in Nova Scotia, 1720-1992. (2005, December 06). 

Retrieved July 4, 2019 

 

Province of Nova Scotia 1976: Arsenic Task Force interim report; May 17, 1976, 9 p. 
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Permafrost coast sensitivity to air temperature and storm influence on Pullen Island, N.W.T. 

Berry, Bay 

Dalhousie University 

Co-authors: Whalen, Dustin; Lim, Michael 

Thaw-related erosion presents a unique problem to investigating the effects of changing weather 

trends on coastal dynamics along the Canadian Beaufort Sea; warming temperatures not only 

affect erosion indirectly by increasing energy to storms, but also have a direct influence on thaw 

rates. Two predominant failure mechanisms are identified for this study; failure of intact frozen 

blocks, attributed to undercutting from wave action, and slumping, a gravity driven movement 

of active layer sediments with the potential to form sprawling thaw complexes through rapid, 

retrogressive headwall retreat. Pullen Island, one of the outer islands of the Mackenzie Delta, 

exhibits both block failure and slumping along fairly constrained cliff sections, allowing the 

investigation of relationships between weather trends and erosion rates with regard to specific 

failure mechanisms. We use aerial imagery and ground survey data to show that mean erosion 

rates increased progressively from 0 + 4.8 m/a in 1947 to 12 + 0.3 m/a in 2018, accompanied by 

an increase in the variability of erosion rate across the study area. The increased heterogeneity 

of the cliff retreat rate is likely a result of different magnitudes of response to changing weather 

trends depending on erosive mechanism, and thus the morphological differences (such as cliff 

height and ground ice occurrence) which prescribe the mechanism. When erosion via each 

mechanism was compared to the historical weather record, we found that the correlation with 

summer air temperature was stronger in areas where slumping was dominant than in block 

failure areas. Similarly, the correlation with storm duration was stronger in areas where block 

failure was the dominant mechanism compared to slumping areas. These data indicate that storm 

duration has the greatest impact on these ice-rich permafrost coasts and most acutely on areas 

undergoing block failures, whilst air temperature has a greater impact on slump-dominated areas 

than elsewhere along the coast. Based on observations at Pullen Island, we can expect coastal 

erosion rates across the Beaufort Sea area to increase and diversify in response to the current 

and projected climate trends. 

 

  



 

20 
 

Detailed seismostratigraphy and well log analysis of the Saglek Basin, offshore Labrador, 

using regional seismic reflection profiles and intersecting wells 

Bugden, Alex 

Memorial University 

Co-authors: Welford, Kim 

The Labrador Sea is an ocean basin located off the coast of northern Labrador in which 

continental margins were formed by the rifting of the North American craton during the 

Cretaceous and early Tertiary periods. Within this ocean basin there lies several major 

sedimentary basins, of these the most northern Saglek Basin will be the focus. The basin is vast 

with an area exceeding 100,000 km2. During the tertiary, a trans-continental river system, known 

as the paleo-Bell River system, deposited much of the sedimentary fill present in the basin today. 

Sedimentary sequences in the northern part of the basin are underlain by Eocene tholeiitic drift 

basalts that thin progressively to the south where gneissic rocks become the new basement.   

 

There has been little exploration work done in the region; however, a drilling program was 

undertaken in the 1970s-1980s and a total of nine wells were drilled. Of these nine wells, this 

project will focus on the Snorri J-90 and Karlsefni A-13 wells, as they intersect seismic lines 

that were shot in 2001 by TGS. TGS has kindly made these seismic lines available for 

interpretation.  

 

The objective of this thesis is to combine seismic interpretation, well log analysis, and rock 

physics modelling to enhance knowledge of the evolution of the Saglek Basin. The well log 

analysis and seismostratigraphy will be performed using data provided by TGS and the C-

NLOPB. Core analysis of the wells will also be undertaken if the core is available and has not 

deteriorated to the point where it is no longer useful. This will be confirmed by the C-NLOPB 

in the near future. If the core is intact, rock properties will be derived from the core samples and 

RokDoc software will be used to combine the core results with the geophysical well logs to 

generate improved synthetic seismograms. These will be imported into Petrel software to 

improve the well ties and the overall seismostratigraphic analysis. Ultimately, the evolution of 

the Saglek Basin, in light of the thesis results, will be presented. 
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The first discovery of tetrapod trackways from the Pennsylvanian (Westphalian C), Plymouth 

Member of the Stellarton Formation, Stellarton Basin, Nova Scotia 

Cormier, Logan M. 

Saint Mary's University 

Co-authors: Stimson, Matt R.; King, Olivia A.; McLean, Janey 

The Maritimes Basin of Atlantic Canada is known for discoveries of tetrapod skeletons and their 

footprints that range from the Early Mississippian Period to the Early Permian Period. These 

Late Paleozoic tetrapod fossils are found at several locations in Nova Scotia, most notably at 

Joggins, East Bay, and Horton Bluff. The first evidence for tetrapods from the Stellarton Basin 

was made by Sir John William Dawson, where he discovered a partial skull of Baphetes 

planiceps. Following Dawson’s 20th century discovery, no further evidence of tetrapods (trace 

fossils or body fossils), have been encountered in the Stellarton Basin. Fossil material from the 

Stellarton Basin is dominantly comprised of plant material and coal balls, which have been 

recovered through the town‚Äôs extensive coal mining history.  

 

A new discovery of tetrapod footprints from the Pennsylvanian (Westphalian C), Stellarton 

Formation represents the first tetrapod ichnofossil to be discovered in the Stellarton Basin. The 

Stellarton Formation is divided into seven formational members. The trackways in this study 

are preserved in the grey sandstone Plymouth Member that has been interpreted to represent 

fluvial deposits. At the study area, the trackway-bearing sandstones are exposed within a private 

aggregate quarry that conformably overlies the lacustrine shales of the Westville Member that 

outcrops just east of the quarry along East River. The tetrapod tracks are preserved in convex 

hyporelief and are here identified as the ichnotaxa Limnopus heterodactylus. Limnopus 

heterodactylus is characterized as having footprints with tetradactyl manus and pentadactyl pes 

with short rounded digits, and is larger than 2 centimetres. Limnopus heterodactylus has 

traditionally been interpreted to represent the trackways of temnospondyl amphibians well 

known from time equivalent rocks in Nova Scotia. The trackways presented here are the first 

evidence of temnospondyls in the Stellarton Basin. The underlying Westville Member preserves 

the first record of invertebrate ichnofossils in the Stellarton Basin, including abundant samples 

of Monomorphicnus sp. and Rusophycus carbonarius that are interpreted to be made by 

crustaceans. The low-diversity ichnofossil assemblage presented above represents the first 

ichnological study in the Stellarton Basin documenting a marginal lacustrine depositional 

environment populated by temnospondyls and crustaceans. 
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Paleoenvironment reconstruction of the Cambrian-Ordovician boundary of Western 

Newfoundland using petroleum biomarkers and carbon isotope chemostratigraphy 

Dooma, John Mishael 

St. Mary’s University 

Co-authors: Azmy, Karem; Chowdhury, Anirban; Ventura, G. Todd 

Thaw-related erosion presents a unique problem to investigating the effects of changing weather 

trends on coastal dynamics along the Canadian Beaufort Sea; warming temperatures not only 

affect erosion indirectly by increasing energy to storms, but also have a direct influence on thaw 

rates. Two predominant failure mechanisms are identified for this study; failure of intact frozen 

blocks, attributed to undercutting from wave action, and slumping, a gravity driven movement 

of active layer sediments with the potential to form sprawling thaw complexes through rapid, 

retrogressive headwall retreat. Pullen Island, one of the outer islands of the Mackenzie Delta, 

exhibits both block failure and slumping along fairly constrained cliff sections, allowing the 

investigation of relationships between weather trends and erosion rates with regard to specific 

failure mechanisms. We use aerial imagery and ground survey data to show that mean erosion 

rates increased progressively from 0 + 4.8 m/a in 1947 to 12 + 0.3 m/a in 2018, accompanied by 

an increase in the variability of erosion rate across the study area. The increased heterogeneity 

of the cliff retreat rate is likely a result of different magnitudes of response to changing weather 

trends depending on erosive mechanism, and thus the morphological differences (such as cliff 

height and ground ice occurrence) which prescribe the mechanism. When erosion via each 

mechanism was compared to the historical weather record, we found that the correlation with 

summer air temperature was stronger in areas where slumping was dominant than in block 

failure areas. Similarly, the correlation with storm duration was stronger in areas where block 

failure was the dominant mechanism compared to slumping areas. These data indicate that storm 

duration has the greatest impact on these ice-rich permafrost coasts and most acutely on areas 

undergoing block failures, whilst air temperature has a greater impact on slump-dominated areas 

than elsewhere along the coast. Based on observations at Pullen Island, we can expect coastal 

erosion rates across the Beaufort Sea area to increase and diversify in response to the current 

and projected climate trends. 
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Melt and fluid inclusion systematics of the Cantung W (Cu,Au) skarn deposit, NWT, Canada: 

modeling W enrichment and fluid composition in the adjacent Mine Stock intrusion 

Gomez Garcia, Gabriel 

St. Mary’s University 

Co-authors: Wagner, Andrew; Adlakha, Erin; Hanley, Jacob; Lecumberri-Sanchez, Pilar; 

Falck, Hendrik 

The Cantung W (Cu,Au) skarn deposit, Northwest Territories, Canada is a world-class calc-

silicate skarn deposit hosted by the Cambrian Sekwi Formation limestone, near its contact with 

the Cretaceous Mine Stock monzogranite. The limestone was affected by the Mine Stock in 

three ways, i) contact metamorphism during initial emplacement of the intrusion, ii) magmatic 

fluids associated directly from the intrusion and iii) fluids that used the same pathways as the 

magma that formed late staged aplitic dykes. Skarn mineralization (scheelite) occurred from 

magmatic fluids derived either from the proximal intrusion or by late-stage aplitic dykes. 

Previous work on the Mine Stock monzogranite, immediately below the E-zone orebody, 

identified coeval silicate melt and fluid inclusions, and zircon inclusions, in apatite. All which 

provide a unique opportunity to understand the enrichment in, and transfer of, metals between 

fractionated granitic melts and immiscible aqueous fluids responsible for the formation of the 

high-grade W-skarn deposits.  

 

Preliminary fluid inclusion petrography indicate very small (~5 µm wide) liquid-rich fluid 

inclusions with minor vapour bubble. This study will investigate the melt and fluid inclusion 

systematics of the apatite from the Mine Stock. A multi-microanalytical approach will be 

undertaken to determine the i) minimum entrapment temperatures, fluid composition and 

salinity using microthermometric analysis of the fluid inclusions, ii) major element composition 

including halogens of quenched melt inclusions to classify the melts, iii) temperature of apatite 

crystallization (i.e., inclusion entrapment) using electron probe microanalysis of biotite/apatite 

pairs for F/Cl thermometry, and iv) temperatures of zircon crystallization via LA-ICP-MS using 

Ti-in-zircon thermometry. Results will be used to model P-T-X conditions during inclusion 

entrapment. Fluid inclusion data will be compared to the already established fluid inclusions 

systematics of the ore zone in order to constrain mineralizing fluid compositions and model 

processes of W enrichment in the granitic intrusions. 
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Storm frequency and extreme waves in Atlantic Canada 

Gregory, Taylor 

Dalhousie University 

Co-authors: Maselli, Vittorio 

Canada’s east coast has experienced more than 50 severe storms in less than a century. As of 

recently, the category 2 post-tropical cyclone Hurricane Dorian struck Atlantic Canada in early 

September 2019. Understanding how anthropogenic climate change will influence storm 

frequency and intensity in the future is crucial to design proper mitigation strategies and evaluate 

the risk of storm surges in the region. The results of climate models have been contradictory, 

and this often reflects the lack of historical storminess data to support the simulations. Critical 

information has been obtained by investigating lagoonal deposits. In this setting, extreme waves 

generated by hurricane winds can transport coarse-grained sediment eroded from the beach into 

areas where the background sedimentation is fine-grained, and past studies have been able to 

show a strong correspondence between sand-bed intervals and intense storm episodes (Donnelly 

et al., 2015; Toomey et al., 2012; Oliva et al., 2018; Boldt et al., 2010). Here we want to test the 

hypothesis that shelfal basins offshore Nova Scotia, like the Emerald Basin, may record 

historical storminess in their deposits. Previous studies have suggested that storm-induced 

extreme-waves are able to resuspend sediment in the upper slope of the basin, creating dense 

flows migrating downslope under the actions of gravity (Toomey et al., 2013). This project aims 

to reconstruct paleo storms during the Late Holocene (last 5,000 years) by dating storm-driven 

sand-beds from sediment gravity cores retrieved in the Emerald Basin at a depth of 190 m. 

Numerical models of coupled wind-ocean circulation will help assessing the minimum wave 

energy required to resuspend sediment, thus providing critical information on the intensity of 

past storm events. 
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Examining CO2 sequestration potential and subsequent mineral carbonation in ultramafic rocks 

from the Baie Verte, NL area 

Lawrence, Kayla 

Memorial University 

Co-authors: Morrill, Penny 

As atmospheric carbon dioxide (CO2) levels continue to rise due to anthropogenic influence, 

developing long term ways to capture and store CO2 are important for preventing accumulation 

in the atmosphere and further harm to the biological processes that take place on Earth. One 

possible long term storage option is through carbon mineralization; a naturally occurring process 

that can sequester CO2 from the atmosphere and store it in the form of stable, solid carbonate 

minerals. This type of reaction happens naturally at sites of serpentinization due to the 

groundwaters that are present in these areas. Type I waters have a meteoric origin and are 

enriched in Mg2+ and HCO3
- ions, whereas Type II waters are rich in Ca2+ and OH- and develop 

when Type I waters are isolated from the atmosphere. In this study, we will use laboratory 

experiments to determine whether the ultramafic rocks collected in Baie Verte, Newfoundland, 

have the potential for carbon mineralization. The rock samples will be crushed, mixed with 

simulated Type I or Type II waters, and placed in the LI-COR flux chamber which will measure 

any change in CO2 gas concentration throughout the duration of the experiment. For each 

experiment, a total of four water samples will be taken, two at the start and two at the end, to 

determine any change in total ions, specifically Mg2+ and Ca2+, in solution and a change in the 

total inorganic carbon. 
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The age and petrogenesis of the Donegal batholith: Insights from titanite 

Macquarrie, Lauren 

StFX University 

 

Titanite geochronology can be a valuable tool in determining granite petrogenesis. Titanite is a 

common accessory mineral in granitic rocks and can incorporate uranium making it a useful 

mineral for uranium-lead dating. Most frequently, zircon is used for uranium-lead dating, but 

with its high crystallization temperature there is also a high possibility of inheritance from 

source rocks. Titanite can remain closed to lead up to temperatures of 750°C, which is within 

the crystallization temperature range of most granites leading to a lower possibility of 

inheritance. As a result, titanite may retain a less complicated signal of the crystallization age. 

Titanite also incorporates trace elements (e.g. Zr) into its crystal structure that reflect P-T 

conditions at time of crystallization and can be used as a thermobarometer. This project focuses 

on titanite in granitoid rocks in the Donegal Composite Batholith of the Caledonide orogen in 

NW Ireland, specifically the older plutons (Main Donegal, Ardara, Fanad and Thorr granites). 

The Donegal Batholith is composed of seven I-type plutons in total, ranging in composition 

from granite to gabbro that intruded between ca. 435-400 Ma during the Caledonian Orogeny. 

While the Donegal Batholith is well mapped, the ages and duration of magmatism, the magma 

source(s), the relationship of magma production to mountain-building events, and the continuity 

of magma production remain poorly understood. Laser Ablation Inductively Coupled Plasma 

Mass Spectrometry will be used to obtain U-Pb isotopic data and trace element data from titanite 

to help discern the age, composition and petrogenesis of the Donegal Batholith. 
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The mineralogy, paragenesis, and petrogenesis of the polymetallic (Co-Ni-As-Au) veins of the 

Nictaux Falls Dam Occurrence in the Annapolis Valley, Nova Scotia 

McNeil, Natalie 

St. Mary’s University 

Co-authors: Kennedy, Nicole; Adlakha, Erin; Kerr, Mitchell; Baldwin, Geoffrey; Wightman, 

John 

The Nictaux Falls Dam Occurrence (NFDO) hosts polymetallic veins (Co-Ni-As-Au) located in 

the spillway of the Nova Scotia Power Dam along the Nictaux River, Annapolis Valley, Nova 

Scotia. The mineralogy of the understudied polymetallic veins of the NFDO are investigated in 

order to describe their petrogenesis. Mineralization is restricted to fault-hosted quartz veins in 

the Silurian-aged greenschist facies metasediments of the Kentville Formation, proximal to its 

contact with the Devonian-aged South Mountain Batholith (SMB). Two styles of mineralization 

are identified: i) laminated sulfarsenide-quartz veins, and ii) quartz breccia veins containing 

sulfarsenide-mineralized wallrock clasts. The sulfarsenides are spatially associated with 

wallrock material (chlorite, biotite, rutile, REE-phases) and exhibit unidirectional zoning 

regardless of mineralization style: early euhedral arsenopyrite cores (50 to 100 ¬µm) are 

overgrown by a succession of arsenopyrite to cobaltite to gersdorffite. Textural evidence 

suggests arsenopyrite cores are derived from the wallrock. Unidirectional zoning indicates 

settling of dense sulfarsenides in the fluid during mineralization. Compositional zoning could 

indicate the removal of Fe and Co from the mineralizing fluid through progressive sulfarsenide 

mineralization, or decreasing pH. Late native Au (20 wt% Ag) occurs interstitial to gersdorffite 

rims of the sulfarsenide accumulations. Sulfur isotope analysis of the sulfarsenides and wallrock 

sulfides will be conducted in order to constrain the source of S. 

 

Bulk rock geochemistry of the metasediments and nearby outcropping gabbro and diabase show 

high Co and Ni (20-24 and 31-34 ppm Co and 55-71 and 21-107 ppm Ni, respectively), 

suggesting these rocks as potential sources of metals. In the metasediments, the Co and Ni is 

primary and hosted in chlorite and sulfides; however, in the mafic rocks the metals are associated 

with secondary actinolite and sulfides. Mafic enrichement of metals is suspected to be attributed 

to the fluid derived from the dehydration of metasediments following the emplacement of the 

intrusives. The metasediments are therefore the ultimate source of metals of the NFDO. Zircon 

geochronology of the mafic rocks will be used to understand their timing with respect to the 

SMB and mineralization. 
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Thermobarometry of eclogite from the Nordøyane UHP domain, western Norway: Hot enough 

to melt? 

Myrer, Benjamin 

Dalhousie University 

Co-authors: Hilchie, Luke; Jamieson, Rebecca 

Melting of subducted continental crust at ultrahigh-pressure (UHP) conditions has been 

suggested to play a role in the exhumation of large UHP terranes, including the Western Gneiss 

Region (WGR) of Norway. The region was affected by UHP metamorphism at ca. 415-400 Ma 

resulting from collision of Baltica with Laurentia during the Scandian phase of the Caledonian 

orogeny. In the Nordøyane UHP domain, well exposed sections along the coasts of Haramsøya 

and Flemsøya are underlain by migmatitic orthogneisses that host eclogite bodies with a variety 

of mineral assemblages and textures. Previous work documented UHP conditions in coesite-

bearing eclogites and evidence for melting of the host rocks during decompression but did not 

find evidence for melting at peak pressure. This study is designed to obtain thermobarometric 

data from eclogite to see if the peak pressure-temperature (P-T) conditions overlap with the 

range where UHP melting is possible. Petrographic and microprobe data were obtained from a 

representative sample (CB15-19) of massive, medium-grained eclogite from the large Ulla Fyr 

body. The eclogite-facies mineral assemblage comprises omphacite + garnet ± biotite ± rutile, 

locally overprinted by retrograde amphibole + plagioclase ± biotite ± orthopyroxene ± 

clinopyroxene. Clinopyroxene-plagioclase symplectite is present along omphacite-garnet grain 

boundaries. Omphacite, rutile, zircon, apatite, orthopyroxene, and biotite are present as 

inclusions in garnet. Garnet-clinopyroxene Fe-Mg exchange thermometry applied to coexisting 

garnet-omphacite pairs has yielded preliminary T estimates of 900 ± 50°C at 30 kbar. 

Zirconium-in-rutile trace-element thermometry gave similar results of 850 ± 50°C. These T 

estimates overlap with the fluid-present UHP melting field for intermediate to mafic bulk 

compositions. However, further work is needed to obtain additional T estimates and independent 

constraints on P from samples reflecting the range of eclogite-facies mineral assemblages and 

textures present in the study area. 
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The mineralogy and petrogenesis of rare-element granitic pegmatites in northeastern Nova 

Scotia 

Nickerson, Shae 

StFX University 

 

Northeastern mainland Nova Scotia hosts several rare-element granitic pegmatites in the 

Meguma terrane. These pegmatites have received very little academic study, including the 

Lower Caledonia Pegmatite, which was discovered in 1999. The pegmatite is situated on the 

periphery of an elongated leucogranite named the Kelly Brook pluton. Both the pegmatite and 

the Kelly Brook pluton contain metasedimentary xenoliths of the Meguma Supergroup and all 

units are sheared due to dextral transpressive movement along the Minas Fault Zone during the 

late Devonian and Carboniferous. The pegmatite contains large quartz and K-feldspar 

megacrysts along with plagioclase, muscovite, pyrite, tourmaline, garnet and high 

concentrations of beryl. The beryl crystals are randomly oriented and up to 5cm in diameter and 

>5cm in length. The euhedral beryl is altered and contains inclusions of quartz, plagioclase and 

muscovite. Quartz is recrystallized and deformed. K-feldspar and plagioclase are also deformed. 

Muscovite is deformed, altered and occurs within small miarolitic cavities. Tourmaline only 

grew near the metasedimentary xenoliths, commonly with the c-axis oriented normal to the 

contact of the xenolith. Garnet is present in the pegmatite core as small, euhedral crystals. The 

granite is dated to ca. 375 Ma and has recrystallized quartz, rotated microcline, sheared 

muscovite, plagioclase, chlorite, garnet, zircon and apatite.  

 

Electron probe microanalysis and laser ablation inductively couple plasma mass spectrometry 

will be used to document the chemical composition of the pegmatite and granite forming 

minerals. Whole-rock geochemical data from the pegmatite, granite and host rock samples will 

aid in determining the processes that formed the rare-element pegmatite. Geochronological data 

will show the temporal relationship between the granite and the pegmatite. This data will 

characterize the mineralogy, petrography, age, geochemical composition, and classification of 

the pegmatite. Taken together we will determine the pegmatite forming processes and its 

relationship to the regional tectonic environment. 
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Determination of NW Atlantic Coastal Isoscape 

Noddle, Rachel 

Dalhousie University 

Co-authors: Sherwood, Owen 

Input of excess nitrogen (N) causes eutrophication and degradation of coastal marine 

ecosystems.  In Nova Scotia, sources of N enrichment to coastal waters include sewage 

wastewaters, aquaculture, seafood processing, and agricultural runoff. These N sources have 

different N isotopic (15N) signatures, which are incorporated into the tissues of organisms that 

inhabit the local environment. Mapping the spatial variability of 15N coastal organisms can 

therefore help identify sources of N into aquatic ecosystems. We used the filter-feeding blue 

mussel (Mytilus edulis), found in the rocky intertidal zone along the province’s coastline, to 

characterize baseline 15N isoscapes. Mussels are ideal sentinel organisms for this study because 

they feed on particulate organic matter, integrating it into their tissues, preserving the 

biogeochemical variability of the base of the marine foodweb over periods of several months. 

Specimens of M. edulis were collected in triplicate (wherever possible) from each of the 21 

different sites on the Atlantic and Northumberland coasts of NS. Analysis of 15N was 

performed on the adductor muscles after isolating from the rest of the tissues and freeze-drying. 

Within-site variability among triplicate specimens was remarkably low (mean of standard 

deviations = 0.56 ‰). There was no significant difference in 15N between the Northumberland 

coast (7.6 ± 1.3 ‰; n = 6 sites) and Atlantic coast (7.9 ± 0.9 ‰; n =15 sites). There was, however, 

a wide range in mean 15N between sites, for example, over a 14km stretch of the 

Northumberland coast from Pictou Harbour (mean 15N = 9.24+/- 0.42‰) to Melmerby Beach 

(mean 15N = 5.74+/-0.29‰). This local variability in M. edulis 15N composition likely reflects 

the inputs of nitrogen sources specific to each area, and may provide a useful screening tool for 

further investigations of N loading to the marine environment. Additional work using compound 

specific isotope analysis of amino acids will be used to refine our estimates of baseline 15N 

isoscapes independently of trophic fractionation. 
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Petrography of mafic rocks associated with polymetallic (Co-Ni-Au-As-Ag-Pb-Sb-Bi) 

mineralization in the Meguma terrane, Nova Scotia 

Parsons, Ryan 

St. Mary’s University 

Co-authors: Welt, Naomi; Baldwin, Geoff; Adlakha, Erin 

Several polymetallic (Co-Ni-Au-As-Ag-Pb-Sb-Bi) vein occurrences outcrop in the northwestern 

Meguma Terrane, and appear spatially associated with mafic rocks (e.g., gabbro and diabase). 

This project is a petrographic study of the mafic rocks using a combination of field and hand 

specimen observations, optical microscopy, and scanning electron microscopy (SEM), in order 

to determine whether the rocks are genetically related to mineralization (e.g., as metal sources). 

These techniques will aid in determining the mineralogy of the rocks, including discrete mineral 

assemblages and their paragenetic sequence. Through compositional and textural analysis using 

SEM, Co and Ni-rich phases (e.g., sulfides, ferromagnesian silicates, silicate and sulfide melt 

inclusions) will be identified to constrain their relative timing (e.g., primary vs. secondary). 

These data will be used to evaluate whether the mafic rocks supplied Co and Ni for 

mineralization, either during their crystallization or through post-crystallization hydrothermal 

alteration. Additionally, petrographic work will be used to identify minerals for radiometric age 

dating in order to constrain the absolute timing of the mafic rocks and their age in relation to 

mineralization. 

 

Representative gabbro and diabase spatially associated with these polymetallic occurrences have 

been sampled from three occurrences (Cape St. Mary’s and Lansdowne, Digby County, and 

Nictaux Falls, Annapolis County). Gabbroic rocks were also sampled from two prospective 

properties in the Annapolis County (Inglisville and Inglisville Mountain). All samples were 

collected from outcrop, with the exception of Inglisville and Inglisville Mountain. Although 

mafic rocks have been mapped at these properties by previous workers, no outcrop was found 

during field work; therefore, float was collected from the property. The mafic rocks are 

dominated by primary plagioclase and pyroxene, and contain variable amounts of sulfide 

minerals (pyrite and chalcopyrite). The rocks are texturally varied, from fine-grained to coarse-

grained, and some exhibit ophitic to subophitic texture. Secondary alteration is variable and 

includes the alteration of pyroxene to actinolite, saussertization, carbonation (calcite), 

silicification and sulfidation. Current work is in progress to further characterize these rocks and 

their role during the mineralization of the polymetallic vein occurrences. 
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Characterization of apatite within the Mactung W (Cu,Au) skarn deposit, Northwest 

Territories: implication for the evolution of skarn fluids 

Roy-Garand, Andree 

St. Mary’s University 

Co-authors: Adlakha, Erin; Hanley, Jacob; Falck, Hendrick; Lecumberri-Sanchez, Pilar 

Skarn-hosted apatite from the Mactung deposit were characterized in order to understand the 

skarn paragenesis, chemical evolution and signatures of mineralizing fluids. Four generations 

of fluorapatite were identified. Type-i apatite occurs with detrital phosphate nodules. This 

apatite contains variable ΣREE+Y (1314 ± 821 ppm, 1, n = 78) and has negatively-sloping 

chondrite-normalized REE+Y (REE+YN) patterns with variable LREEN/HREEN (LaN/LuN = 27 

± 30) and weak Eu anomalies (EuN/EuN* = 0.6 ± 0.2; Eu* = EuN / (SmN*GdN)0.5. The REE 

abundance in type-i apatite is similar to that of phosphate nodules. Both have similar REE 

abundances as phosphate nodules reported in correlative limestone elsewhere in the Selwyn 

Basin. These similarities suggest that type-i apatite is a recrystallization product of phosphate 

nodules, likely during isochemical contact metamorphism. Type-ii apatite occurs in anhydrous 

prograde skarns and show high ΣREE+Y, and flat lying REE+YN patterns (e.g., ΣREE+Y = 

17194 ppm; LaN/LuN = 3.5; n = 31) with negative Eu anomalies (e.g., EuN/EuN* = 0.1). 

Hydrothermal type-iii apatite is associated with quartz-scheelite veins, which cross-cut prograde 

skarn. This apatite contains very high ΣREE+Y (7752 ± 496 ppm, n = 3) and bowl-shaped 

REE+YN patterns, corresponding to low MREE (LaN/SmN = 8 ± 0.3; SmN/LuN = 0.3), and no Eu 

anomaly. Lastly, type-iv apatite occurs in hydrous retrograde skarns and shows bowl-shaped to 

negatively sloped REE+YN patterns, with low MREE content (e.g., LaN/SmN = 10.2; SmN/LuN 

= 0.3; n = 17) and positive Eu anomalies (e.g., EuN/EuN* = 14.3). The paragenesis and distinct 

REE+YN patterns of hydrothermal type-ii, type-iii and type-iv apatite reflect the presence of two 

chemically distinct ore fluids. The first fluid formed type-ii apatite, prograde skarn and early, 

fine-grained scheelite. The second fluid was associated with late-stage quartz veining, retrograde 

skarn, and coarse-grained scheelite. The REE+YN patterns of type-iii and type-iv apatite record 

a second fluid that underwent MREE fractionation. Preliminary cathodoluminescence images 

and trace element data from coeval scheelite show evidence for two generations of scheelite 

with distinct REE signatures, supporting the interpretation of two ore fluids. Trace element 

compositions of scheelite, are being investigated to constrain to further constrain the two ore 

fluids. 
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Petrography, geochemistry, and economic minerals in core from three drill holes in the 

Faribault Brook area, western Cape Breton Island, Nova Scotia 

Tamosauskas, Michael 

Acadia University 

Co-authors: Barr, Sandra; White, Chris 

Details of the age, structure, and tectonic setting of the Jumping Brook Metamorphic Suite 

(JBMS) and associated economic mineral occurrences in the Faribault Brook area in the western 

Cape Breton Highlands remain enigmatic even after many decades of study.  Recent work has 

indicated that the JBMS is of Cambrian age, in faulted contact with Proterozoic granitoid plutons 

and intruded by Early Ordovician, Silurian, and Devonian plutons.  Mineral occurrences have 

been suggested to occur in the mainly metasedimentary Dauphinee Brook Formation, near its 

contact with the underlying mainly mafic metavolcanic Faribault Brook Formation. Lithological 

units are difficult to identify and correlate because of the effects of metamorphism and 

deformation. The area has been explored since the late 1800s, and at least 15 significant sulphide 

occurrences are known, containing arsenopyrite, pyrrhotite, sphalerite, galena, and pyrite. 

Native gold and silver occurrences are also present in some occurrences, but no economically 

viable deposit has been found. Previous studies have suggested that the mineralization formed 

in a syngenetic polymetallic volcanogenic massive sulphide (VMS) system in MORB-type 

basalt associated with turbiditic sediments in a back-arc basin, with additional evidence of 

epigenetic vein-related mineralization. Based on the postulated Cambrian age, the occurrences 

may correlate with Cambrian-Ordovician VMS deposits in Newfoundland and New Brunswick.  

This study focuses on holes RB-90-1, AMC-6-78, and GM-09-08, drilled to depths of 102, 177, 

and 50 m, respectively.  They were selected for study because of their locations in areas of 

significant known mineralization. In additional to visual logging, a KT-9 Kappameter 

instrument is being utilized to measure the magnetic susceptibility of the rocks at 10 cm intervals 

in each hole. Chemical analyses of the core are being made using a portable X-ray fluorescence 

spectrometer (pXRF) to identify mineralized sections and aid in identification and correlation 

of rock units between drill holes.  Representative samples from each hole will be examined in 

thin section to determine metamorphic grade and protolith.  Based on the petrographic features 

observed in thin section, samples will be selected for whole-rock analysis for major and trace 

elements, including rare-earth elements, using X-ray fluorescence and ICP-MS methods. Both 

metavolcanic and metasedimentary rocks will be sampled, as their geochemical signatures can 

provide evidence for mineralization as well as the tectonic setting during formation. Preliminary 

examination of the core has identified significant stratiform sulphide mineralization and well as 

in quartz-carbonate veins mainly along foliation. 
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Isotopic analysis of 65Cu and 63Cu ratio for determination of native copper artifacts provenance 

using secondary ion mass spectrometry (SIMS) 

Toutah, Rosa 

Dalhousie University 

Co-authors: Hanley, Jacob; Cottreau-Robins, Katie 

It has long been presumed that the Lake Superior copper district was the primary source of 

copper for central and eastern North American indigenous peoples throughout pre-history. The 

premise of this assumption was the extensive copper deposits in this area, and similar stylistic 

attributes of copper artifacts found in the Lake Superior region compared to other archaeological 

areas.  Analytical studies comparing the trace element chemistry of native copper sources and 

artifacts suggests that other sources (e.g., the Bay of Fundy region) may have been more 

important to the Wabanaki peoples of the Atlantic northeast.  The aim of this study is to test this 

hypothesis’ specifically, to uncover the source of copper present in many artifacts from the 

Maritimes Basin, which have been speculated to have originated from the Lake Superior 

deposits, but which may be more locally derived. Samples with known provenance will be 

analyzed for their 65Cu:63Cu isotopic ratios (R (65Cu/63Cu)).  The National Institute of Standards 

and Technology (NIST) copper standard #976 (65Cu 30.826 ± 0.020, 63Cu 69.174 ± 0.020) will 

be used to calibrate (correct bias) the secondary ion mass spectrometer (SIMS) to be used in this 

study. SIMS will then be used to analyze the copper artifacts and using the artifact’s R 

(65Cu/63Cu) artifact the source location for the artifacts will be deduced. The project outline will 

go as follows: (1) Use of National Institute of Standards and Technology copper standard # 976 

to correct bias of the secondary ion mass spectrometer. (2) Determining a standardized R 

(65Cu/63Cu) for copper deposits with known origin from either the Lake Superior or the 

Maritimes Basin deposits. (3) Analysis of copper artifacts using secondary ion mass 

spectrometry. (4) Comparison of artifacts R (65Cu/63Cu) in order to determine provenance of 

artifacts. 
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Petrology, age, and tectonic setting of the Gunshot Brook pluton,  eastern Cobequid 

Highlands, Nova Scotia 

Vaccaro, Miguel 

Acadia University 

Co-authors: White, Chris; Barr, Sandra 

The Cobequid Highlands of northwestern mainland Nova Scotia have a complex tectonic history 

and are considered to form part of the southern margin of Avalonia. The area is generally 

interpreted to have developed as a series of volcanic arcs and back-arc basins on the periphery 

of Gondwana. The highlands are divided into two distinct fault-bound crustal blocks - the Jeffers 

block to the north and west, and the Bass River block to the south and east. The Gunshot Brook 

pluton is located on both sides of the Millsville fault, a splay off the Rockland Brook fault that 

separates the Jeffers and Bass River blocks, and it is not clear to which block the pluton belongs. 

Previously published work combined with mapping for the present study show that the pluton 

intruded the ca. 750-735 Ma Mount Ephrairn plutonic suite on its southern margin and the 

Dalhousie Mountain Formation of uncertain age on the north and northeast. An unpublished U-

Pb zircon age of ca. 605 Ma was previously reported for the Gunshot Brook pluton, but an older 

U-Pb zircon age of ca. 638 Ma has also been obtained, and if correct, indicates that the Dalhousie 

Mountain Formation is older than other volcanic units in the Jeffers block.  Based on 

petrographic study of about 100 samples collected in the present and related earlier studies, the 

Gunshot Brook pluton varies gradationally from tonalite to granodiorite and monzogranite, with 

minor co-mingled dioritic rocks, all cut by mafic and felsic dykes. Previously published and new 

whole-rock chemical data for about 50 samples display trends consistent with a comagmatic 

relationship among the tonalitic to monzogranitic rocks, with a compositional gap between those 

rocks and the dioritic rocks. The suite is calc-alkalic and likely formed in a continental margin 

subduction zone.  Preliminary results indicate that no significant differences in rock types or 

chemical characteristics occur across the Millsville fault. Additional U-Pb dating is in progress 

to attempt to resolve the ambiguity about the age of the Gunshot Brook pluton. 
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Characterization of apatite-hosted silicate melt inclusions in magmatic rocks associated with 

the Cantung (W-Cu-Au) skarn deposit, Northwest Territories. 

Wagner, Andrew 

St. Mary’s University 

Co-authors: Adlakha, Erin; Neyedley, Kevin; Hanley, Jacob; Falck, Hendrick; Lecumberri-

Sanchez, Pilar 

The Cantung (W-Cu-Au) skarn deposit, Northwest Territories, Canada, is one of the most 

significant high-grade W deposits in the world. The deposit occurs at the contact between 

Cambrian limestone (Sekwi Formation) of the eastern Selwyn Basin and the Cretaceous Mine 

Stock Pluton of the Tungsten-Tombstone magmatic belt in the northern Canadian Cordillera. 

The Mine Stock pluton consists of a sub-alkaline biotite monzogranite with coeval aplite, 

pegmatite, and lamprophyre dykes. Reduced W skarn deposits, such as Cantung, form through 

the interaction of W-rich, low salinity fluids with limestone country rock, producing a zoned 

array of calc-silicate skarn endowed in scheelite (calcium-tungstate). Mineralizing fluids for 

Cantung were either derived from the Mine Stock Pluton, or a related magmatic-hydrothermal 

system at depth, which is now preserved as the late-stage dykes and quartz veins. This study 

characterizes the apatite-hosted melt inclusions within the Mine Stock, in order to test whether 

the Mine Stock Pluton is the source of tungsten in the Cantung deposit.    

 

The melt inclusions occur predominately as crystallized (i.e., multi-phase), colorless and 

transparent inclusions, exhibiting a negative crystal shape, suggesting primary origin. Trace 

element concentrations of un-homogenized melt inclusions have been determined via laser 

ablation induced coupled plasma mass spectrometry (LA-ICP-MS). The inclusions have 

variable compositions, some of which are highly fractionated (Ti/Zr = 1 to 23; Zr/Hf = 1 to 29; 

n = 60), similar to previously reported whole-rock data for the late stage aplite dykes (Ti/Zr = 3 

to 13; Zr/Hf = 8 to 17). The inclusions contain high and variable abundances of incompatible 

elements such as W (2 to 40 ppm), Sn (27 to 121 ppm), B (100 to 10271 ppm), Cs (10 to 1448 

ppm), and Bi (11 to 399 ppm). Continued work includes homogenization experiments and 

electron probe microanalysis to quantify major elements abundances and volatiles in the melt. 

Whole-rock major and trace element abundances of the Mine Stock will also be determined via 

X-ray fluorescence and ICP-MS. This data will be used to model melt evolution and W-

enrichment and determine the crystallinity of the melt at the point of fluid saturation. 
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Field Trip #1 – Moose River Gold Mine 
 

 
Introduction 

 

Atlantic Gold’s Moose River Consolidated Project includes mining of two open-pit gold 

deposits, Touquoy and Beaver Dam and processing the ore at a single processing facility located 

in Moose River, Nova Scotia. Future production would include bringing in gold concentrate 

from other projects including Fifteen Mile Stream and Cochrane Hill.  
 

Mining at Touquoy began in late 2017 with commercial production announced in March 2018 

making it the first open pit gold mining operation in Nova Scotia. The company was extremely 

successful in its first year of production, surpassing its annual production guidance of 92,000oz 

while maintaining some of the lowest production costs of in the industry (AISC of 

CAD$692/oz). 

 

Deposit Geology 

 

The Touquoy deposit is hosted by the Moose River Formation, the lowest exposed portion of the 

Goldenville Group. Much like the rest of the Goldenville Group, it is comprised mainly of 

marine turbidite cycles but is distinct in that it contains numerous thick argillite intervals (meters 

to tens of meters in thickness). At Touquoy, the Moose River Formation is exposed in the hinge 

of the Moose River – Fifteen Mile Stream Anticline, a regional anticline which can be traced for 

tens of kilometers and hosts several other gold deposits.  

 

Gold was first discovered in the Nova Scotia in the 1860s, since that time approximately 60 

deposits have been recognized. Gold deposits within the Meguma Group are characterized as 

epithermal, quartz-vein hosted deposits which occur in the hinge zone of regional scale 

anticlines. The Touquoy Deposit is like other Meguma-type gold deposits in that gold occurs 

primarily within quartz veins however, disseminated mineralization particularly in thick shale 

intervals makes it amenable to selective open-pit mining. 

 

The current reserves for Touquoy and Moose River Consolidated are as follows: 
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Gold Extraction 

Gold extraction at the Moose River mill via a two-stage process. After crushing and grinding, the 

ore is passed through a conventional gravity separator which recovers coarse free gold particles. 

Material is then passed through a CIL (carbon-in-leach) system. The CIL system leaches material 

in a series of tanks in order to recover fine gold particles which cannot be recovered by gravity 

separation. Our current gold recovery using the two-stage system is in excess of 95%.  

Mill Process Flow Diagram: 

 

409 Billybell Way, Mooseland, NS B0N 1X0 

Tel: 902.384.2772         www.atlanticgoldcorporation.com 

 

 

 

 

 

 

http://www.atlanticgoldcorporation.com/
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7:30am Departing StFX 

9:30am Arriving at Moose 

River 

Noon Lunch (Provided) 

2:00pm Departing Moose River 

4:00pm Arriving back at StFX 
 

Safety gear provided by StFX: 

-Hi Vis clothing (CSA vest)  

-Gloves  

-CSA Hard hat  

-Safety glasses 

 

Safety gear not provided: 

-CSA Safety boots (min 6" tall)  

-Long pants and long sleeves 
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EXCURSION #2: MECHANISMS OF 
IGNEOUS INTRUSION ABOVE 

SUBDUCTION ZONES 
 

Field Trip Guidebook. 
J. Brendan Murphy, Donnelly Archibald 

St. Francis Xavier University 
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MECHANISMS OF IGNEOUS INTRUSION ABOVE SUBDUCTION 

ZONES: THE GREENDALE COMPLEX, NORTHERN ANTIGONISH 

HIGHLANDS, NOVA SCOTIA 

J. Brendan Murphy and Donnelly B. Archibald 

 
PURPOSE 

 Vast volumes of magma rise towards the surface above subduction zones to produce 

plutons in magmatic arcs. This magma must occupy space that was previously occupied by solid 

rock. This conundrum is known as the “room problem” is still controversial after more than a 

century of debate. Although to some extent this space problem applies to all tectonic settings, it is 

particularly acute in magmatic arcs above subduction zone settings where compressional tectonics 

and crustal thickening impede the ascent of magmas.  The less efficient ascent of magmas in arc 

settings has important petrological consequences because such environments promote extensive 

magma-wall rock interaction and cooling, factors that explain the abundance of plutonic rocks in 

arc environments.   

The ca. 610 million year old Greendale Complex (Murphy and Hynes, 1990) is 

spectacularly exposed in a coastal section along the Northumberland Strait.  Plate reconstructions 

imply that it formed above a subduction zone that was located beneath the ancient Avalonian 

margin of northern Gondwana (Fig. 1, 2). The complex preserves a remarkable example of the role 

of strike-slip motion along bounding faults in opening up the spaces and providing the room for 

magma to intrude. Although it has a semi-circular outcrop pattern, the complex is internally 

dominated by dykes ranging from 5 cm to 30 m in width. The orientation of the dykes is consistent 

with dextral strike-slip motion along the bounding faults. These dykes vary from ultramafic to 

felsic in composition and display abundant field evidence for mixing and mingling between mafic 

and felsic magmas during the cooling of the complex. Textures are highly variable on all scales, 

and include spectacular hornblende pegmatites, with hornblendes up to 1 m in length. The 

abundance of roof pendants suggests the Greendale Complex exposes the magma chamber near its 

roof. The mineralogy of the mafic rocks is dominated by hornblende rather than olivine and 

pyroxene suggesting that the magma is water rich, consistent with the interpretation that the 

Greendale Complex exposes the roof of a magma chamber.   

The hornblende-dominated mineralogy and unusual pegmatitic textures are typical of the 

“appinite suite”, named after Appin, a small district in the Scottish Highlands. Several studies 

show that appinites are typically emplaced along major faults as “satellite bodies” i.e. around the 

margins of major granite complexes as subduction ceases. The regional geological setting of the 

Antigonish Highlands indicates the appinites satisfy all of these requirements. The complex was 

emplaced adjacent to the Hollow Fault (Fig. 3) as subduction was replaced by a transform fault 

(Fig. 2) and is coeval with large granitoid bodies in the Antigonish Highlands (Fig. 4).  A model 

showing how they may be emplaced is presented in Fig. 5. 

We will examine the spectacular mineralogy, petrology, textures and tectonic setting of the 

Greendale Complex as well as its internal structures and its contacts with host rock and bounding 

faults. You will learn about many of the tectonic processes that combine to allow magmas 

generated above subduction zones towards rise to the surface and form plutonic complexes. 



 

42 
 

 
  

GENERAL GEOLOGY: 

 

The Greendale Complex occurs in the northern Antigonish Highlands and is bound by the NE-

trending Hollow Fault to the north and Greendale Fault to the south (Fig. 3). The Greendale 

Complex has yielded ages of  607 + 2 Ma (U-Pb, titanite, Murphy et al., 1997a) and 611 + 4 Ma 

(40Ar/39Ar, hornblende, Keppie et al., 1990).  The complex intrudes Neoproterozoic rocks of the 

Georgeville Group, which underlies most of the Antigonish Highlands and records the progressive 

development of a sedimentary basin in an arc regime (Murphy et al. 1991).   
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The Greendale Complex has a strong magnetic signature which defines a roughly circular 

shape approximately 3 km in diameter, truncated by the present coastline (Fig 3). This signature 

suggests that the overall shape of the intrusion may have been cylindrical, although this may be an 

oversimplification since dykes up to 20 m in width occur within the complex.  The intrusive 

representatives of the complex vary from ultramafic to felsic in composition and show remarkable 

textural, mineralogical and lithological similarities to the appinite suite as described by Pitcher and 

Berger (1972) and Bowes and MacArthur (1976). The most important field characteristics of these 

rocks are: 

1) the dominance of amphibole relative to other mafic phases in mafic to ultramafic rocks 

 

2) the rapid and irregular textural variations (on the scale of an outcrop or a hand specimen) from 

coarse pegmatitic to relatively fine grained poikilitic or porphyritic amphibole;   

3) abundant evidence of late stage felsic magmas associated with the complex. 

 

Lithologies: The complex may be subdivided on the basis of texture and mineral assemblage into 

eight distinct lithologies (the approximate surface area percentage abundances are in parentheses): 

coarse hornblende pegmatite (12), plagioclase porphyritic rock (30), hornblende plagioclase 

porphyry (8), hornblende porphyritic rock (8), hornblende poikilitic rock (10), 1amprophyre (5) 

felsic (7) and Georgeville Group host rocks consisting of marble (10) and mafic volcanic rock 

(10), Although much of the igneous rocks resemble hornblende diorites, geochemically they are 

gabbroic with some intermediate tendencies (below). 

Contacts between the units may be gradational or sharp and irregular or planar. 

Intrusion/wallrock contacts occur irregularly in the complex. Felsic rocks occur as lenses, 

microgranitic and aplitic veins and dykes and constitute the latest igneous rocks in the Greendale 

Complex.  Lamprophyres, consisting of about 90% hornblende poikilitically enclosing olivine, 

augite, and magnetite are common in the southwestern parts of the complex.  They occur as dykes 

2 to 4 m wide with irregular but sharp contacts with all other lithologies, or as ellipsoidal pods up 

to 0.8 m in length. 

  

There is abundant evidence that the complex is exposed near its roof. There are abundant 

inclusions of host rock, some of which may be roof pendants. Further, both mafic and felsic 

pegmatites are common. The presence of hornblende and absence of olivine and pyroxene in 

gabbro melts have been attributed to high p(H2O) conditions that commonly occur near the roof 

of gabbroic plutons. . 

 

Layering. Layering occurs predominantly in the central part of the complex. Layered zones, which 

may be up to 150 m wide, consist entirely of steeply dipping layers 5 mm to 50 cm wide. Contacts 

between layers are sharp, and although on an outcrop scale they are broadly planar, they may be 

locally irregular and/or crosscutting. All lithologies display spectacular interlayering, generally 

defined by variations in grain size and/or relative abundance of hornblende and plagioclase. In 

some of the layers, hornblende is aligned orthogonally to the contact. Gabbroic pegmatites occur 

as dykes up to 10m wide or as thin layers up to 1 m wide that are generally parallel to layering and 

contain hornblendes up to 30 cm long that are commonly aligned orthogonal to the contact with 

the adjacent rocks.  Fine grained felsic rocks occur typically in conjugate veins that intrude all the 

lithologies, indicating that they were emplaced late in the history of the complex. These veins 
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commonly terminate in felsic pods that display pegmatitic textures and have gradational contacts 

with the more mafic rock types.   

 

Orientation of Layering. Layering within the complex strikes SSE to E and is generally vertical or 

steeply dipping. In places, hornblende crystals are aligned perpendicular to the layers. The layering 

is spectacularly enhanced by thin layers of coarse hornblende pegmatite; hornblende crystals as 

long as 50 cm define a strong lineation generally perpendicular to the margins of the pegmatite. 

The layering defined by the pegmatites is always parallel or subparallel to the finer grained layers 

in the same outcrop. The strike of these layers is east-northeast to east-southeast with a cluster at 

around 090o. Lineations defined by hornblende in these layers are subhorizontal and generally 

trend S-SSE. 

 

Origin of Layering. The orientation of layering in the Greendale Complex is consistent with the 

stress field to be expected in a region undergoing dextral shear on a set of NE-trending faults that 

slip along a set of faults generates a simple shear system between these faults (Fig. 5). This system 

should give rise to north-trending extension. There is abundant evidence for subhorizontal 

extension in a broadly north-south direction during emplacement and solidification of the complex. 

This extension is inferred to result in the steeply-dipping east-striking layers with subhorizontal 

hornblende crystals trending north. The hornblende growth is attributed to development from a 

substrate into a zone of low pressure. These relations indicated a dilational origin for the layering 

in the pegmatites and, given the similar orientation, probably for layering in the finer grained rocks. 

Thus, the 090 o layering is interpreted to be the result of progressive and multiple injection of 

appinitic magma from either an interstitial liquid or a subjacent body of magma into fractures 

developing parallel to the extensional plane of the instantaneous strain ellipsoid. Extensional 

fractures may have developed within the crystallizing layers when they became capable of 

transmitting stress (i.e., when they became ca. 70% crystalline). The varied texture (pegmatitic vs 

fine grained) may reflect variations in pH2O in the invading magma. 
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Summary. Structures in the Greendale Complex are compatible with control by a stress field 

imposed by dextral motions on northeast-trending faults that bound the Antigonish Highlands. 

Direct evidence for this stress field is provided by large-scale structures developed in the 

Georgeville Group shortly before emplacement of the Greendale Complex. The Greendale 

Complex is thought to have been emplaced by progressive and repeated extensional failure of the 

roof of the magma chamber, which must have initially consisted of Georgeville Group country 
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rocks but was gradually replaced by frozen parts of the intrusive complex. The attitudes of the 

planes of extensional failure were governed by the (constant) attitude of the stress field, and 

imparted a strong, subvertical east-trending layering to the complex. In places, however, the 

complex appears to have undergone progressive plastic strain in response to the stress field, giving 

rise to clockwise rotation of the layering. The felsic veins appear to represent a different mode of 

failure (shear in contrast to extensional failure) at a late stage in the evolution of the complex, 

which may be due to cooling of the roof of the magma chamber. The markedly different character 

of these late rocks, despite their apparent comagmatic evolution, indicates profound fractionation 

in the waning stages of evolution of the magma. 

 

The Georgeville Group is divided into several formations (Murphy et al. 1991; White 

2018). Of these, three occur in the coastal fault block and the other four crop out in fault blocks 

inland (Fig. 3,4). The units in the coastal block are the host rocks to the Greendale Complex, and 

the lowest unit exposed is the Chisholm Brook Formation, which consists of interlayered calc-

alkalic mafic to intermediate flows, tuff, marble and mudstone intruded by mafic dykes in the 

east. The overlying Morar Brook Formation is made up of black mudstone interbedded with thin 

siltstone and chert and rare, thin limestone and conglomerate beds. These rocks are overlain 

conformably by the Livingstone Cove Formation which contains conglomerates interbedded 

with the black mudstone and siltstone. Pebbles in the conglomerates are predominantly of 

volcanic origin (suggesting derivation from a volcanic arc) with some of granite and locally 

derived black mudstone. The youngest detrital zircon from the formation yields 613 + 5 Ma 

(Keppie et al., 1998, 1990) and provides a maximum depositional age for the formation. 

 

 In the southern highlands, turbidites overlie the 618 + 2 Ma  Keppoch Formation 

(Murphy et al., 1997b) which consists of a thick interlayered sequence of felsic, intermediate 

and mafic volcanic rocks with minor subaerial to shallow marine sediments. The felsic and 

intermediate volcanics have arc compositions, and the mafic rocks consist of calc-alkalic and 

high-Ti tholeiitic flows. The upper part of Keppoch Formation contains interlayered volcanics 

and turbidites suggesting a transitional contact. 

 

The environment of deposition of the Georgeville Group is inferred to have been a quiet 

deep-water basinal area into which arc-derived volcaniclastic flysch deposits entered by mass 

flow with detritus supplied by erosion of rapidly rising volcanic highlands (Fig. 6). The marble 

horizons are deduced to have been deposits in shallow seas fringing volcanic islands. 

 

Fig. 7 
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The Georgeville Group was deformed by F1 NW-SE, tight to isoclinal, recumbent folds 

with a weak axial planar cleavage defined by chlorite, sericite and biotite and refolded by 

northeast-southwest and east-west upright folds. The deformation is less intense in the southern 

highlands. This was accompanied by lower greenschist facies metamorphism. In general, 

throughout most of the Antigonish Highlands, the main structural fabric is only a weak S1 cleavage 

which is parallel or sub-parallel to bedding, except in the hinges of rarely preserved F1 folds 

(Murphy et al., 1991). Intrusion of the Greendale Complex occurred during the later stages of 

deformation (Murphy and Hynes, 1990, Murphy et al., 2001).  

 

Taken together, the available age data suggest a limited time gap between deposition and 

deformation of the Georgeville Group and intrusion by the plutonic rocks of the Greendale 

Complex. This overall scenario is   consistent with a strike-slip basin within an ensialic volcanic 

arc regime in which emplacement of the Greendale Complex may be spatially and temporally 

associated with strike-slip movement along the Hollow-Greendale fault system.    

 

Georgeville Granite 

 The Georgeville Group is also post-tectonically intruded by the Georgeville Granite, 

which is a semi-circular epizonal body, ca. 1.5 km across that is excellently exposed along the 

shoreline section of the Northumberland Strait (Fig. 2). The pluton consists of a central stock 

predominantly consisting of leucocratic medium- to coarse-grained alkali feldspar granite and 

pegmatite intruded by steep to moderately dipping aplite and pegmatite dykes.  Intrusive contacts 

with the Georgeville Group host rocks are sharply defined and the host rocks show development 

of spotted hornfels which overprints regional tectonic fabrics. It predominantly composed of 

medium grained granite consisting of quartz, microcline perthite and albite (An ~ 0) with 

subordinate mafic phyllosilicates and a wide range of accessory minerals including zircon, sphene, 

rutile, euxenite, cassiterite and pyrite (Murphy et al., 1998).  Small pegmatitic pods (generally ca. 

0.4 m in diameter) are common throughout the exposed granite host and consists mainly of quartz 

and microcline (+ amazonite).  The granite is characterized by high SiO2 (between 71-80%), Th, 

Nb, Y and Zr, very low CaO, TiO2, MgO, FeO, MnO,  (Table 1) and most notably, extreme LREE 

depletion.  Many, but not all, geochemical and mineralogical features resemble A-type, within 

plate granites. 40Ar/39Ar (muscovite) data yields a plateau age of 579.8 + 2.2 Ma (Murphy et al., 

1998), suggesting intrusion about 20 million years after arc-related magmatism had ceased in the 

Antigonish Highlands. 

  

LOCATION OF FIELD STOPS 

These outcrops are located along the shore of the Northumberland Strait, north of Antigonish 

(Fig. 2). They may be reached by driving north along Nova Scotia highway 245 from Antigonish 

to Malignant Cove, which is located at the junction with Nova Scotia highway 337. To reach Stop 

1, proceed 5 km (3.3 mi) east on highway 337 to a road on tale north side of the road leading to tie 

Georgeville Quarry. This road has a metal bar-type gate at its entrance. Park by the gate and walk 

down the road to the shore. Proceed east along the shore about 50 m (150 ft) to the first outcrops-

this is Stop 1. Stops 1-1A to 1-1P are located northeast of here, along the shore, and may be 

completely traversed only at low tide. At the end of the traverse, walk up the track along the brook 

between Stops 1-IN and 1-IP back to highway 337 and then back to the starting point. Resume 

driving northeast along Nova Scotia 337 to Livingstone Cove. Park near the Livingstone Cove Pier 
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and walk ca. 500 m southwest along the shore to reach Stop 1-2.  Drive southwest along route 

337 past the Georgeville Quarry towards Malignant Cove to reach Stop 1-3.  Take Pine Tree Road 

(this is a private road and you will need permission from the owners). Follow this road to the 

shore. 

 

STOP 1-1: Neoproterozoic Chisholm Brook and Morar Brook Formations (Part of Georgeville 

Group) Intruded by Greendale Complex and leucocratic granite (Georgeville Granite) on the 

Shore North from the Georgeville Quarry, Northumberland Strait (for details, see Fig. 7). 
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 STOP 1-2: Neoproterozoic Livingstone Cove Formation (Part of the Georgeville Group) 

Unconformably Overlain by Middle Devonian McArras Brook Formation 

Overturned, gently dipping mudstones, siltstones and volcaniclastic conglomerates of the 

Livingstone Cove Formation are here cut by numerous mafic dykes. Pebbles from these 

conglomerates contain zircons, the youngest dated at 613 +/- 5 Ma, and with populations of ca. 

1.1-1.2 Ga, 1.5 Ga, 1.8-2.0 Ga and 2.6 Ga (Keppie et al., 1998). These populations are consistent 

with an origin adjacent to the Amazonian craton (Fig. 10). On its northern margin, the 

Livingstone Cove Formation is unconformably overlain by the red conglomerates and sandstones 

of the McArras Brook Formation. This unconformity is well exposed on the shore. Farther north 

along the shore an amygdaloidal basalt within the McArras Brook Formation crops out truncated 

by a fault. 

STOP 1-3:  Southwestern contact of the Greendale Complex with the Chisholm Brook 

Formation of the Georgeville Group (Fig. 9). 

  

Greendale Complex rocks in this locality are dominated by hornblende plagioclase 

porphyritic rocks, local ultramafic dykes and pods, and a narrow (ca 5m wide) layered 

anorthosite body. The Chisholm Brook Formation in this locality consists of mafic volcanic rocks 

and marbles and displays an anomalously intense and subvertical NE-striking foliation and other 

kinematic features that are attributed to proximity to the NE-striking Hollow Fault.  The contacts 

between the basalt and marble are transposed within the shear zone and are parallel to the 

predominant foliation. At the western end of this area, the foliation is truncated at the contact with 

the  Greendale Complex, indicating that shear zone deformation commenced prior to ca. 610 Ma. 

There is evidence that the Greendale Complex and Georgeville Group host rocks both 

subsequently underwent brittle deformation (of unknown age), but this deformation clearly 

overprints the earlier shear zone deformation. 

Kinematic features, developed only in the host rock, include well developed stretching 

lineations, asymmetric augen (defined by plagioclase porphyroclasts in the mafic rocks), C-S 

fabrics, sheath folds, and a transposed foliation that is axial planar to locally developed “fold 

hooks”. These features indicate that the rocks underwent non-coaxial strain and are interpreted to 

represent the products of ductile shear zones. Regional studies show that Paleozoic deformation 
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events were localized and did not significantly affect the underlying Georgeville Group rocks.  

This suggests that the present orientation of the shear zone fabrics in the study area reflects their 

Neoproterozoic orientation. 

Local shears and fracture zones may be divided into NE-striking steep surfaces with dextral 

offset, and highly variable shear and fracture surfaces with sinistral offset. Abundant thin NW-

trending carbonate veinlets developed within the basalt and marble host rocks are characterized by 

fibres oriented perpendicularly to the vein walls.  These veinlets are cross-cut, offset and are 

rotated into the S-fabric indicating that their emplacement was coeval with shear zone deformation. 

Fibres within these veinlets are uniformly oriented, are essentially sub-horizontal to gently 

plunging either to the NE or SW, lie within the S-fabric and are interpreted to record the stretch 

direction within the shear zone. Fold hinge line orientations are variable, but together define a 

NNE-striking plane that is oriented counterclockwise with respect to the predominant foliation.  

NE- plunging folds have Z-asymmetry, whereas SE-trending folds have variable symmetry.  The 

variation in fold axis orientation and fold asymmetry is consistent with the presence of sheath 

folds.  In most localities, S-foliation is oriented counter-clockwise with respect to the predominant 

C-foliation.  

The limited time interval between deposition and regional deformation of the Georgeville Group 

indicates that shear zone deformation was probably penecontemporaneous with respect to the 

development of the regional structures. The orientation of the stretching lineations, S-C fabrics, 

and sheath folds are consistent with dextral shear of a NE-striking shear zone.   The variable 

orientation of the veinlets in is consistent with formation normal to the instantaneous stretching 

direction within the field of shortening followed by progressive clockwise rotation towards the 

stretching direction in a dextral shear setting.  The NE-striking shear and fracture surfaces are 

interpreted as synthetic Riedel shears.  The origin of the variably-oriented surfaces with sinistral 

shear is less certain; they may represent an antithetic Riedel shear array that was rotated clockwise 

during progressive dextral shear.  

 

DISCUSSION 

 This field trip demonstrates the importance of considering regional and local tectonic setting 

in the study of igneous emplacement and fabrics such as layering. There is little in the observed 

internal structure of the Greendale Complex that is not attributable to the external stress field. This 

may, however, reflect the chance intersection of the erosion surface with the roof of the magma 

chamber rather than the characteristics of the whole complex. 

         The Neoproterozoic evolution of the NE-trending Hollow-Greendale fault system guided the 

emplacement of the Greendale Complex. This system is interpreted as a zone of distributed 

episodic dextral shear, in which slip is distributed among many faults and shear zones within and 

adjacent to the Greendale Complex.  The limited time gap between the deposition and regional 

deformation of the Georgeville Group and the intrusion of the Greendale Complex is consistent 

with a strike-slip setting within the Neoproterozoic volcanic arc.  The orientation of the dykes 

within the complex is consistent with emplacement along the extensional planes in a dextral strike 

slip regime, which provided the room for the magma to intrude. This dextral motion has been 

related to closure of a back-arc basin. Thus, the Hollow Fault Zone may represent an important 

fault system along the northern margin of Gondwana.   
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FIGURES                                                                                                                                            Figure 

1.  Tectonic setting of the northern margin of Gondwana in the Neoproterozoic and Early 

Paleozoic. Note the transition from Andean arc to a San Andreas type tectonic setting.                     

 

Figure 2. Schematic diagram showing the subduction zone setting and the effect of ridge collision.    

 

Figure 3.  Geological Map of the northern Antigonish Highlands (summarized from Murphy et al., 

1991) showing locations of stops 1, 2 and 3 and Neoproterozoic age data (see references in text).    

 

Figure 4.  Geological Map of the Antigonish Highlands (summarized from Murphy et al., 1991), 

showing Neoproterozoic age data, (see references in text).                                                                  

 

Figure 5. Model for the the origin and orientation of layering in the Greendale Complex and its 

relationship with dextral shear along the Hollow-Greendale Fault system (Murphy and Hynes, 

1990).  

 

Figure 6. Schematic model for the environment of deposition of the Georgeville Group as a rift 

setting within a volcanic arc (after Murphy et al., 1991).                                                                      

 

Figure 7. Detailed traverse across the northeastern contact of the Greendale Complex                                                                                                                     

 

Figure 8.  Map of the northeastern contact of the Greendale Complex.                                                                                                                              

 

Figure 9.  Map of the southwestern contact with the Greendale Complex. 

 

Figure 10.  Compilation of U-Pb detrital zircon data in Avalonia data and tectonothermal events 

in potential source areas (modified from Keppie and Krogh, 1998; Murphy et al., 1999).                                                                                                                             

 

 
 

 

 



 

53 
 

 

Field Trip #3 

 
Lower Carboniferous strata at Cape George, Nova Scotia 

 
 

Michael J. Melchin 
Department of Earth Sciences, St. Francis Xavier University 

Antigonish, NS, B2G 2W5, mmelchin@stfx.ca 
 

SEDIMENTARY SIGNALS OF REGIONAL TECTONICS: 

EXAMPLES FROM THE NORTHERN FLANKS OF THE ANTIGONISH 

HIGHLANDS 
 

2019 AUGC Field Trip 

 

Michael J. Melchin 

Department of Earth Sciences, St. Francis Xavier University 

Antigonish, NS, B2G 2W5, mmelchin@stfx.ca 

 

 

 

mailto:mmelchin@stfx.ca


 

54 
 

Introduction 

 

The purpose of this field trip is to illustrate some of the different ways in which we can gain 

insights into the nature and timing of regional tectonic events, their relationship to global tectonic 

processes, and their influence on paleoclimate and biota, by studying sedimentary rocks. A 

geologic time scale is provided for reference on the last page of this guide. 

 

Regional Setting 

 

The successions of sedimentary strata that occur within and surrounding the Antigonish 

Highlands (Fig. 1) span an age range from Neoproterozoic to Late Carboniferous. Despite the 

relatively short modern geographic distances between the strata that immediately flank the 

northwestern, northeastern and eastern edges of the highlands, there are significant differences in 

the preserved successions of strata in these different regions (Fig. 2). Taken together, the these 

successions of strata, their bounding unconformities, interbedded and intrusive igneous rocks, and 

structural geology reveal a long and complex history of tectonic events related to the creation of 

West Avalonian arc, its separation from the Gondwanan margin, and subsequent collisional events, 

including those with Baltica and Laurentia, its interactions with Meguma, and the final 

amalgamation of Pangea (Figs 3, 4). Although the Antigonish Highlands and surrounding regions 

contain a wide range of intrusive and extrusive igneous rocks, the following descriptions and 

discussion will focus mainly on the sedimentary and metasedimentary rock units. 

The following is a list of the main groups of stratigraphic units that are shown in Figure 3, and 

when and if we will be seeing them on this field trip. Recent remapping of the Antigonish 

Highlands (e.g., White et al., 2012, 2018) has resulted in changes to some of the formation names 

in the region. For the purposes of this field guide, I have presented both the “old” and “new” names 

of these units (e.g., Malignant Cove/Bears Brook Formation). 

 

Georgeville Group – Lower Ediacaran (ca. 618-608 Ma) – Volcanic arc and turbidite basin – Stop 

3.  

Malignant Cove/Bears Brook Formation – Upper Ediacaran (to lowest Cambrian? – ca. 585 Ma 

and younger) – Arc to rift transition – Stop 1.  

McDonald’s Brook and Iron Brook groups – Cambrian-Lower Ordovician – Platform – We will 

not be visiting these strata. 

Dunn Point Formation – Middle Ordovician – Arc-rift – Stop 2. 

Arisaig Group – Upper Ordovician-Early Devonian – Syn- to post-collisional rift – Stop 2. 

McArras Brook/Livingstone’s Cove Formation – Upper Devonian - Basal part of overstep 

sequence – Stop 3. 

Horton Group – Lower Carboniferous – Overstep sequence – Stop 4. 

Windsor Group – Lower Carboniferous – Basin – Optional additional stop if there is time. 

Mabou Group – mid-Carboniferous – Basin – We will not be visiting these strata. 
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Description of Field Trip Stops 

 

Stop 1 – Malignant Cove – Upper Ediacaran (to lowest Cambrian?) Strata – Malignant 

Cove/Bears Brook Formation 

 

The lowest stratigraphic unit overlying the Georgeville Group on the NW margin of the 

Antigonish Highlands is a succession of predominantly red conglomerates with subordinate 

sandstone and mudstones, all of which have undergone low grade metamorphism. This unit was 

assigned to the Malignant Cove Formation by Murphy et al. (1991) but was assigned to a 

reinterpreted Bears Brook Formation by White et al. (2012). The lower end of its possible age 

range is constrained by detrital zircons that are as young as 585 + 5 Ma. Although the contact with 

the underlying Georgeville Group is not exposed, both the detrital zircon ages and the composition 

NW of Antigonish 

Highlands 

NE of Antigonish 

Highlands 
Mabou Group Mabou Group 

Windsor Group Windsor Group 

 Horton Group 

McArras Brook Fm. Ballantyne’s Cv. Fm. 

Arisaig Group  

Dunn Point Fm.  

Iron Brook Group  

McDonald’s Bk Gp.  

Malignant Cove Fm.  

Georgeville Group Georgeville Group 

 

Figure 2. Comparison of the sequences of 

stratigraphic units preserved on the immediate 

northwestern and northeastern margins of the 

Antigonish Highlands. See text and Fig. 4 for the 

ages of each of the units. 

Figure 1, from Murphy (2007). A. Summary of the 

Geology of the Antigonish Highlands, modified 

from Murphy et al., 1991. B, Summary geological 

map the Arisaig area (modified from Boucot et al. 

1974). Numbers 1-4 indicate locations of field trip 

stops. 
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of the conglomerate clasts indicate derivation from erosion of a range of lithologies of the 

Georgeville Group. This suggests that the contact is an angular unconformity. In addition, some 

of these clasts show evidence of having been deformed prior to their erosion and incorporation 

into this conglomerate, providing important constraints on the age of one of the major phases of 

deformation that affected the Georgeville Group. In addition, regional distribution of the unit, the 

clast lithologies, their maturity, and the range of detrital zircon ages, together with evidence from 

the geochemistry of associated igneous rocks, suggest that these sedimentary strata were deposited 

in a relatively localized rift basin, possibly within a local pull-apart basin associated with “dextral 

transpression during the latest stages of the Avalonian-Cadomian Orogeny” (Murphy, in Barr et 

al., 2005). 

Fossils in the overlying Cambrian strata, provide an upper age constraint on the Malignant 

Cove/Bears Brook Formation and also suggest that West Avalonia still had a close connection 

with the Gondwanan margin in the Cambrian and earliest Ordovician (Landing, 1996) (Fig. 4). 

 

 
 

 

 

Figure 3, from Murphy (2007). Tectonostratigraphy of the Antigonish Highlands and surrounding areas. 
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Stop 2 – Beechill Cove – Middle Ordovician Dunn Point Formation and Upper Ordovician to 

lower Silurian part of the Arisaig Group 

 

Dunn Point Formation 

 

The exposed Middle Ordovician strata in the region of this field trip are a succession of primarily 

bimodal volcanic rocks assigned to the Dunn Point Formation. These rocks have been recently 

dated as 460 + 3.4 Ma (Hamilton and Murphy, 2004), which is late Middle Ordovician in age, 

although it could range into the earliest part of the Late Ordovician. Paleomagnetic data from these 

rocks indicate at paleolatitude of 41oS + 8o (Johnson and Van der Voo, 1990), which places West 

Figure 4, from Murphy, 2007. Early Ordovician to Late Silurian paleogeographic reconstructions of the circum-

Atlantic region. 
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Avalonia in an oceanic location between Gondwana and Laurentia (Fig. 4). Thus, in the Middle 

Ordovician Avalonia is interpreted by many to have been a microcontinent separating the Iapetus 

and Rheic oceans. The Dunn Point volcanics are interpreted to represent an event of rifting within 

the West Avalonian arc, analogous to the modern Taupo Zone in northern New Zealand (Murphy, 

in Barr et al., 2005). 

An intriguing feature of the Dunn Point Formation is the occurrence of common paleosol 

horizons at the contacts between basaltic flows within the succession (Jutras et al, 2012), as well 

as in the rhyolite succession (Jutras et al., 2015). The paleosols are interpreted to have formed 

under warm, humid, but alkaline conditions. These conditions do not occur in the modern world, 

in which warm, humid climates are heavily vegetated with more acidic soils (Jutras et al., 2009). 

In addition, variations between different paleosol levels suggest that the climate may have been 

fluctuating at Milankovitch scales during deposition of this succession. The paleosol profiles show 

varying degrees of development (Fig. 5). In addition, some are capped by thin intervals of 

alluvially reworked deposits (Jutras et al., 2012). In a previous study analyses of these paleosols 

have also been used to estimate the atmospheric O2 in Ordovician time (Feakes et al., 1989). 

 

 

 
 

Figure 5. Pedogenic model from Jutras et al. (2012, p. 812): “(a) establishment of a high water 

table following the emplacement of a mafic flow; (b) ground saturation during peak rain season, 

resulting in the mobilization of various cations in solution throughout the profile; (c) gradual 

lowering of the aquifer to its phreatic level during the drier season, and establishment of a vertical 

gradient of groundwater pH owing to vertical differences in weathering and evaporation rates; (d) 

establishment of well-developed horizons after several decades; (e) subsequent mafic flow 

emplacement and bulldozing of the mechanically weak uppermost part of the palaeosol above the 

zone of induration by silica accumulation.” 

 

Beechill Cove Formation and lower member of the Ross Brook Formation, Arisaig Group  

 

The Arisaig Group is a ca. 1500-1750 m thick succession of predominantly marine sedimentary 

rocks. Much of the succession consists of mudrocks deposited in relatively shallow marine 

environments, although intervals of deeper marine black shales, as well as terrestrial sediments, 

also occur within the succession. In addition, most of the mudrock units contain interbedded 

sandstones and/or carbonate beds (Boucot et al., 1974). The Arisaig Group has been the subject of 

numerous classic and recent paleontological, sedimentological, and stratigraphic studies (see 

Melchin and MacRae, 2005). The lowest formation of the Arisaig Group, the Beechill Cove 
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Formation, concordantly overlies the volcanic strata of the Dunn Point Formation. Given that the 

Dunn Point strata are dated as late Middle Ordovician and the Beechill Cove Formation has long 

been regarded as being earliest Silurian in age, the contact between these units was considered to 

represent a significant time gap. A recent, unpublished palynological study of the Beechill Cove 

Formation, cited in Melchin and MacRae (2005), yielded chitinozoans indicating that this unit is 

high Upper Ordovician in age, most likely late Katian. Thus, there is still a significant time gap 

between this unit and the Dunn Point, but not as long a break as previously suspected. In addition, 

since graptolite data from the basal part of the overlying Ross Brook Formation are lower (but not 

lowest) Silurian in age (Melchin, 2007), this suggests that there is also a cryptic paraconformity at 

the Beechill Cove-Ross Brook contact spanning an interval of at least ca. 2.7 myr (Cooper and 

Sadler, 2012; Melchin et al., 2012). The possible significance of this hiatus in the succession has 

not been studied. 

The sedimentology and paleoecology of the Beechill Cove Formation was studied by Pickerill 

and Hurst (1983). The unit consists mainly of heavily bioturbated silty mudstones and lenticular-

bedded siltstones, with some intervals laminated siltstones to fine sandstones (often also 

bioturbated) that have been interpreted as tempestites or storm beds (Fig. 6). These beds are 

interpreted to have been deposited in a marine shelf setting, likely below fair-weather wave base. 

The mudstones contain an in situ fossil assemblage that mainly consists of inarticulate brachiopods 

(Lingula clintoni), sometimes preserved in their vertical, life position. Other fossils are rare in the 

mudstones. The siltstone to sandstone beds contain a slightly more diverse assemblage of shelly 

fossils, including brachiopods and rugose corals, which appear to be transported faunas (Pickerill 

and Hurst, 1983). 

 

 

Figure 6. Stratigraphic section of the 

Beechill Cove Fm, at Beechill Cove, 

after Pickerill and Hurst, 1983; Melchin 

and MacRae, 2005.) 
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The Lower Member of the Ross Brook Formation consists primarily of black, micaceous, 

graptolitic shales with very thin siltstone interbeds (Hurst and Pickerill, 1886; Melchin, 2007) (Fig. 

7). Higher in the section, the shales change to brown-grey, become siltier and show evidence of 

bioturbation.  Throughout the black shale portion of the section the strata contain graptolite faunas 

that were documented by Melchin (2007). This work showed that the lower 2.5 m represent a very 

condensed succession, spanning approximately 4 myr (at least four graptolite Zones, Melchin et 

al, 2012), whereas the sedimentation rate increased dramatically in the overlying strata, in which 

a a succession approximately 150 m in thickness occurs within a single graptolite Zone (likely less 

than 1 myr in duration) (Fig. 8, Melchin et al., 2015). Together, these indicate a period of very 

rapid subsidence and creation of accommodation space within early Silurian time, which was then 

followed by rapid sediment infilling and upward shallowing. 

The tectonic setting of the basin within which the Arisaig Group accumulated, and the tectonic 

processes that influenced deposition, can be deduced from several lines of evidence:   

Figure 7. Stratigraphic section of the lower 

Ross Brook Formation at Beechill Cove, 

from Melchin and MacRae, 2015 

Figure 8. Carbon isotope chemostratigraphy 

of the Ross Brook Formation at Beechill 

Cove and Arisaig, from Melchin et al., 2015. 
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Quantitative analysis of the subsidence history has shown that the basin experienced two major 

phases of rapid, tectonically induced subsidence, one near the time of onset of the succession (latest 

Ordovician-early Silurian), and one in the late Silurian (Fig. 9, Waldron et al., 1996). The rapid 

subsidence indicated by Beechill Cove to lower Ross Brook interval represents the first of these 

events. It is important to note that this interpretation of the subsidence history has taken into 

account interpreted changes in water depth that could be accounted for by global sea level changes, 

which also had a profound effect on the sedimentary history of the Arisaig Group, most recently 

documented by Bambach (1998). 

 

 
 

 The sedimentary rocks of the Arisaig Group show evidence, both from their geochemistry 

and their detrital zircon ages that the source of the sediments (provenance) was not 

primarily from the underlying Avalonian rocks, as was the case in the underlying 

succession. Through most of the Arisaig strata the suggested source area was primarily 

from the Baltica paleocontinent (see Fig. 4). In later Silurian and Early Devonian time the 

evidence indicates an increasing degree of input from Laurentia as well (Murphy et al., 

2004). 

 Paleocurrent data (Boucot et al., 1974; Waldron et al, 1996) indicate that sediment transport 

through the late Ordovician to mid-Silurian part of the succession was primarily from the 

northeast to southwest, but changed to mainly southeast to northwest in the late Silurian-

Early Devonian. 

 Graptolite fossils in the lower Silurian lower Ross Brook Formation, seen at Stop 2, suggest 

that the faunas had stronger paleogeographic affinities peri-Gondwanan regions than with 

those of the rest of Avalonia (e.g., Britain) (Melchin, 2007). 

 

Taken together, these lines of evidence suggest that the Arisaig Group strata, up to the late 

Silurian, accumulated on the trailing margin of Avalonia (facing the Rheic Ocean and Gondwana) 

and were initially formed in a basin that was “generated following oblique collision between 

Avalonia and Laurentia-Baltica” (Murphy, in Barr et al, 2005). The second tectonically-induced 

subsidence event and change in paleocurrent direction in the late Silurian were interpreted to 

represent a second phase of tectonic loading of the Avalon margin (the Stonehouse event in Fig. 

9), either due to interaction with Laurentia, or the Meguma Terrane, or both (Waldron et al., 1996). 

Other interesting features of the lower part of the Arisaig Group have been revealed by 

geochemical analysis of the strata. Carbon isotope analysis of the organic matter in the strata show 

one of the major global events of positive C-isotope excursion, the late Aeronian event (Melchin 

Figure 9. Inferred subsidence history of 

the floor of the Arisaig Basin, from 

Waldron et al., 1996. 

 

Beechhill Cove, lower Ross Brook 

event. 

 

 

Stonehouse event. 
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et al., 2012), which is also associated with a significant extinction event in the graptolites (Melchin 

et al., 2015). The beginning of this event is seen at this locality (Fig. 8) and the three main peaks 

within this event, which were resolved for the first time in the Arisaig succession, can be seen in 

the shoreline section at Arisaig. Melchin et al. (2015) suggested that the occurrence of at least three 

distinct peaks within this C-isotope excursion could indicate environmental fluctuations connected 

with an early Silurian phase of glaciation recorded in South America. 

A study of redox-sensitive trace metals in this succession by Meyer et al. (2008) indicated that 

whereas most of the Arisaig Group strata were deposited under oxic seawater conditions, the black 

shales of the lower Ross Brook were formed under anoxic conditions, and that those anoxic 

conditions were the result primarily of restricted basin circulation rather than high biological 

productivity. This phase of basin restriction is consistent with the interpretation that the lower Ross 

Brook represents a phase of very rapid subsidence, which is likely to result in basin restriction in 

some settings. 

Another noteworthy point about the Beechill Cove section is that the interval of the lower Ross 

Brook Formation contains a number of bentonite beds (volcanic ash deposits) of varying thickness. 

Bentonites also occur through much of the Silurian succession and indicate regional, subduction-

related magmatism (Bergström et al., 1997). The bentonites also served as planes of structural 

weakness along which bedding-parallel and low-angle faulting and associated folding took place. 

The highest units of the Arisaig Group, which we will not be seeing on this trip, are marked by 

an angular unconformity separating late Silurian and Early Devonian from the mid-Late Devonian 

McArras Brook Formation (we will see equivalent strata to this unit at Stop 3). The deformation, 

uplift and erosion associated with this unconformity are interpreted to be the result of the Acadian 

Orogeny (Murphy, 2007). 

 

Stop 3 – Livingstone’s Cove - Georgeville Group (Livingstone’s Cove/Morar Brook Formation) 

and McArras Brook/Ballantynes Cove Formation 

 

This locality, which occurs on the northeastern margin of the Antigonish Highlands, displays a 

significant angular unconformity that separates the early Ediacaran strata of the Georgeville Group 

and Late Devonian-Early Carboniferous strata of the McArras Brook/Ballantynes Brook 

Formation. Thus, it forms a striking contrast to the region northwest of the Antigonish Highlands, 

where strata of late Ediacaran, Cambrian, Ordovician, Silurian and Early Devonian age are all 

preserved below this unconformity (see Fig. 2). 

 

Georgeville Group (Livingstone’s Cove/Morar Brook Formation) 

 

The core of the Antigonish Highlands comprises late Neoproterozoic (Ediacaran) (ca. 618-608 

Ma) metasedimentary and metavolcanics rocks of the Georgeville Group, as well as plutonic rocks 

that span a similar age range, interpreted to be syn- to late-kinematic (Murphy, 2007). These rocks 

are interpreted to represent the development of a subduction-related arc that developed along the 

Gondwanan margin. The Georgeville Group is divided into six or seven formations (depending on 

the authors), representing a mix of clastic and subordinate carbonate metasedimentary rock units 

and metavolcanic rocks of a range of compositions. The sedimentary rocks are interpreted to 

represent a range of depositional environments from subaerial-shallow marine ranging to deep 

marine slope, basinal, and submarine fan deposits (Fig. 10A, Murphy et al., 1991, fig. 12). Detailed 

lithostratigraphic correlation within the Georgeville Group between different parts of the 
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Antigonish Highlands suggests that the timing of peak development of the coarse-grained 

submarine fan facies is diachronous across the region. These age differences have been interpreted 

to suggest that syndepositional transcurrent faulting may have displaced the location of the main 

fan feeder channels throughout the basin history (Fig. 10B, Murphy et al., 1991, fig. 13). 

The particular unit of the Georgeville Group exposed at this locality has long been referred to 

the Livingstone’s Cove Formation, although White et al. (2018) included the strata of this 

formation within the Morar Brook Formation. The strata consist of black to dark grey mudstones 

with interbedded siltstones and fine sandstone, as well thick, mainly volcaniclastic conglomerates, 

all of which have undergone low grade metamorphism. The strata are overturned, as indicated by 

sedimentary structures, such as normally graded beds. The fine-grained strata are interpreted to 

represent hemipelagic muds and fine turbidites, probably deposited on the lower slope/basin 

margin in between the main feeder channels of coarse-grained submarine fans, which are 

represented by the conglomerates at this site (Fig. 10). In addition to the sedimentary structures 

common to turbidites, the strata also show some evidence of soft-sediment deformation, possibly 

related to syndepositional seismic activity in this active volcanic arc setting. The conglomerates 

show an interesting mix of relatively well-sorted and rounded clasts, indicative of transport by 

combined river and coastal marine processes from the uplifted mountains of the volcanic arc, with 

a poorly sorted, fine matrix that was likely redeposited from the adjacent marine slope and mixed 

with the clasts during submarine transport (although the matrix materials were also ultimately 

derived from the arc mountains).  
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Figure 10 (and previous page), from Murphy et al., 1991. A, Depositional model for the 

Georgeville Group. B, stratigraphic sequence produced by gravelly submarine fan 

progressively offset by transcurrent faulting. 

 

McArras Brook/Ballantynes Formation 

 

As noted above, the contact between the strata of the late Precambrian Georgeville Group and the 

Late Devonian McArras Brook/Ballantyne’s Cove Formation is marked by an angular 

unconformity. The unconformity surface may not be well exposed when we visit the site as its 

exposure varies considerably through time depending on tides, waves, and particularly storms. 

However, it is marked by the fact that the basal strata of the very immature conglomerates 

overlying the contact are dominated by clasts derived from the Georgeville Group mudstones. The 

overturned Georgeville strata are truncated by the unconformity surface. On the other hand, even 

the immediately overlying strata are not completely parallel to the unconformity surface, which 

must have had significant relief at the time of deposition of the conglomerates, which appear to 

have progressively infilled that relief as they accumulated. This unconformity is interpreted to be 

the result of the Acadian Orogeny. 

The younger conglomerates at this section have long been referred to the McArras Brook 

Formation (Murphy, 2007), but were assigned to a newly described unit, the Ballantyne’s Cove 

Formation, by White et al. (2012). At Livingstone’s Cove this formation consists of a thick 

succession of mainly reddish brown, relatively immature conglomerates, with minor interbedded 

sandstones and mudrocks, as well as rare intrusive igneous rocks. Both radiometric ages from 

volcanic strata (at another locality) and fossil spore data from interbedded shales indicate that the 

age of this unit is Late Devonian (ca. 370 Ma) (Murphy, 2007). Based on the relatively poor 

sorting, variable and sometimes coarse grain sizes, often angular clasts representing lithologies of 

many of the locally underlying units, relative scarcity of fine-grained interbeds, and interbedding 

of grain-supported (likely alluvial channel) and matrix-supported (likely debris flow) 

conglomerates, these strata are interpreted as resulting from alluvial fans within localized 

intermontane rift basins, formed during a phase dextral strike-slip tectonics (Murphy, 2007). 
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Stop 4 – Cape George Shore – Horton Group 

 

“Lower Horton” Strata 

 

This locality exposes two sedimentary rock units separated by an angular unconformity. The lower 

unit, a succession of mainly sandstones with interbedded mudrocks and conglomerates, has been 

assigned to the Horton Group by some authors, including White et al. (2018). However, Boehner 

and Giles (1993) noted that there has been considerable difficulty in dating some of these strata 

and correlating them with rocks in the type Horton area. For this reason, much of this Late 

Devonian-Early Carboniferous pre-Windsor succession in the Antigonish Basin was regarded by 

Boehner and Giles as “Undivided Devono-Carboniferous”. In this field guide I refer to this unit 

tentatively as “lower Horton” strata. The unit above the angular unconformity at this section are 

assigned to the Wilke Brook Formation, which is now included in the Horton Group (Boehner and 

Giles, 1993). 

The “lower Horton” strata at this locality have been dated by spores as Late Devonian, although 

regional stratigraphic relationships suggest that they overlie the McArras Brook/Ballantyne’s Cove 

Formation. These rocks have received very little study in recent decades. Nevertheless, it is clear 

that the section represents a succession of fluvial channel sandstones, with some conglomeratic 

intervals, interbedded with fluvial floodplain mudrocks. At some basal contacts of sandstone units 

there is evidence of some paleosol development. The presence of some coaly plant fossils and root 

casts, together with evidence of deep dessication cracks within a few of the paleosol horizons, 

suggests a warm and strongly seasonally variable climate, which is consistent with the regional 

climatic interpretation of the Maritimes Basin region presented by Calder (1998).  

Provenance studies, using detrital zircon age data from another locality to the south, near 

Crystal Cliffs (Malay, 2018), suggest that provenance changed during the course of accumulation 

of the unit. In the lower part of the succession the sediment sources appear to be relatively localized 

(primarily Avalonian), whereas the higher part of the section yielded zircons indicating a wider 

range of sources, including Meguma, Ganderia, Baltica, and/or Laurentia. This was interpreted to 

reflect a change in the basin size and morphology, resulting from early development of the 

Appalachian Orogeny.  

Early phase Appalachian Orogenic activity is likely responsible for the uplift and erosion of the 

“lower Horton” strata, producing the angular unconformity seen at this locality.  

 

Wilkie Brook Formation 

 

The Wilke Brook Formation, which overlies the angular unconformity, was studied in detail by 

Keppie et al. (1978) and Boehner and Giles (1993). Figure 11 shows the general stratigraphy of 

the lower part of the type section of this formation, which we are seeing at this locality, as well as 

lateral facies changes between this site and the Lakevale Shore section ca. 5 km to the south. The 

Cape George Wilke Brook section shows an interesting succession marked by three main phases 

of deposition: an early phase dominated by conglomerates and sandstones; a middle phase (the 

thickest part of the section we are seeing) marked by shales, calcareous shales and some 

limestones, with some sandstone and conglomerate interbeds; and a late phase dominated by 

conglomerates. This third phase continues to the top of the unit, where it is concordantly overlain 

by limestones of the Windsor Group. The Wilke Brook Formation is dated as Early.  
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The first of the three phases likely represents alluvial fan and fluvial braidplain deposits derived 

from rocks locally and regionally uplifted during the creation of the underlying unconformity. 

These coarse-grained units then interfinger with siltstones, shales, and calcareous shales that are 

interpreted to represent shallow lacustrine deposits, developed within an intermontane rift basin. 

The occurrence of sandstone and matrix-supported conglomerates within this part of the 

succession are likely the result of flash flood and debris flow events washing into the lake from 

adjacent alluvial fans. Higher in this part of the sequence there is a distinctive oolitic limestone 

unit. Within this interval there are also sandstone and shale intervals that suggest alternation 

between lacustrine and subaerial conditions, suggesting that this was an ephemeral lake. Also 

higher in the section there are dark grey shales, suggesting slightly deeper, more restricted 

lacustrine conditions. Associated with one interval within the dark shales is a level with limestone 

mounds, interpreted to be “algal” (likely microbial) bioherms (Boehner and MacBeath, 1989; 

Boehner and Giles, 1993). When the state of weathering of the coastal cliff is such that a mound 

is exposed in the cliffside within the surrounding shales, it is clear that the structures had relief on 

the lake bottom and the shale strata onlapped the margins of the mound as they were buried. The 

third phase of sedimentation represents another phase of nearby tectonic uplift and a return to a 

thick sequence of predominantly alluvial fan conglomeratic strata.  

Overall, the Wilkie Brook Formation is interpreted to represent a succession of interfingering 

alluvial fan facies, playa-lacustrine margin, to deeper lacustrine facies in an arid to semi-arid 

setting. The arid conditions are inferred, in part, from the abundance of caliche nodules within the 

terrestrial facies, indicating evaporitic precipitation of carbonates within near-surface surface 

sediments. In addition, the oolitic limestones are similar to those seen forming in the modern Great 

Salt Lake Basin in Utah, and the algal mounds are similar to those that formed in late Cenozoic 

lacustrine strata in California (Boehner and Giles, 1993). These conditions, which appear to be 

more arid than those of the underlying “lower Horton” strata, are again consistent with the trend 

of increasing climatic aridity through Early Carboniferous time (Calder, 1998). This trend reached 

a peak of aridity in the later Early Carboniferous during the deposition of the Windsor Group, a 

time of widespread evaporite deposition throughout much of the Maritimes Basin. 
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Phanerozoic 

Cenozoic 

Quaternary 2.6 Ma 

Neogene 23 Ma 

Paleogene 66 Ma 

Mesozoic 

Cretaceous 145 Ma 

Jurassic 201 Ma 

Triassic 252 Ma 

Paleozoic 

Permian 299 Ma 

Carboniferous 359 Ma 

Devonian 419 Ma 

Silurian 444 Ma 

Ordovician 485 Ma 

Cambrian 541 Ma 

Proterozoic  

Ediacaran 635 Ma 

Cryogenian 720 Ma 

 2500 Ma 
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SHORT COURSE – PRESSURE–TEMPERATURE SPACE 

 

 
 

 

 

Professor Alan Anderson will be offering a workshop on the Hydrothermal Diamond 

Anvil Cell (HDAC) in the Earth Sciences.  The aim is to introduce students to the principles and 

practice of the HDAC for in situ study of fluids, fluid-mineral and fluid-melt systems under 

conditions of elevated temperature and pressure.   

 

Some topics covered: 

 History  

 Principles 

 Construction  

 Operation 

 Calibration 

 Examining liquids and solids at high P and T using X-rays 

 Application of various spectroscopic techniques. 

 Examples from previous studies: 

Monitoring crystal growth  

Measuring mineral solubility 

Investigating silicate melt properties 

Metal speciation in hydrothermal fluids 

Fluid and melt inclusion microthermometry under confining pressure 



 

72 
 

Atlantic Universities Geoscience Conference (AUGC) 

Awards 
 

Judging 

 
Oral and poster presentations at AUGC are evaluated by a panel of at least 3 qualified judges 

with diverse geoscience expertise.   In consultation with the award sponsors (as described 

below), the AUGC student organizers are responsible for assembling the panel of judges.  At 

least four weeks before the date of the conference, the student organizers should contact the 

Science Atlantic Earth Science Committee and ask that they suggest at least one appropriate and 

available judge.  Similarly, the student organizers should contact Imperial Oil, CSPG, CSEG, 

and the Mining Society of Nova Scotia to invite them to send representatives to the 

conference.  If such representatives are present at the conference, they may take the lead in 

judging the awards of those organizations.  Professors at the host university can also be asked by 

the student organizers for advice in assembling the judging panel. 

Note: In all cases where plaques are awarded, the winner’s department is responsible for 

ensuring that the plaque is suitably engraved and that it is returned to the AUGC in the 

subsequent year so that it is available to be given to the next recipient. 

Normally the awards are presented by representatives of the award sponsors at the closing 

banquet of the conference. 

Science Atlantic Best Paper Award 

The Science Atlantic Presentation and Communication Award is given for the best overall 

student paper on any geoscience topic presented orally at the annual AUGC (Atlantic 

Universities Geoscience Conference). 

Judging 

The award is judged primarily on the basis of the scientific quality of the topic, the amount of 

original work done by the student, and his/her understanding of the subject. 

Evaluation criteria include: 

 Abstract – Clear statement of problem, objectives, principal findings 

 Presentation – Clarity, visual aids, organization 

 Scientific merit – Experimental design, innovative approach, and interpretation of data 

 Understanding – Overall knowledge and response to questions 

The award will be judged by a panel of at least 3 qualified judges with diverse geoscience 

expertise as described under judging above. 
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The Award 

The award consists of a monetary prize ($500 in 2015) and letter of commendation for the 

presenter, as well as a plaque which resides at the winner’s university for one year, after which 

the winner’s university is responsible for bringing the plaque to the next annual conference. The 

award is usually presented by a representative of the Science Atlantic Earth Science Committee 

at the annual banquet of the AUGC. 

Sponsor Information 

This award (previously known from 2004-2012 as the APICS-NSERC Award) is the AUGC 

version of the Science Atlantic Undergraduate Science Award and Communication award 

offered at all Science Atlantic-sponsored conferences.  The Communication part of the award is 

sponsored by Canadian Science Publishing. A separate Communication Award is not offered at 

AUGC. 

Imperial Oil Best Poster Award 

The Imperial Oil Best Poster Award is given to the student presenting the best overall student 

poster on any topic at the annual AUGC. 

Judging 

The award is judged primarily on the basis of the scientific quality of the topic, the amount of 

original work done by the student, and his/her understanding of the subject. 

Evaluation criteria include: 

 Abstract – Clear statement of problem, objectives, principal findings 

 Poster design – Clarity, organization, visual appeal 

 Scientific merit – Experimental design, innovative approach, and interpretation of data 

 Understanding – Overall knowledge and response to questions 

 The award will be judged by a panel of at least 3 qualified judges with diverse geoscience 

expertise as described under judging above.  When a representative of Imperial Oil is present, 

he/she will take the lead in judging this award. 

The Award 

The award consists of a monetary prize for the student presenter. 

Sponsor Information 

This award has been sponsored by Imperial Oil since 2007.  Imperial Oil recognizes that 

business success depends on the economic, social and environmental health of the communities 
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where they operate and views community investment not simply as a responsibility but as an 

essential component in building a strong society. Imperial Oil gives back to local communities 

through financial contributions, in-kind donations and volunteer efforts and supports scientific 

research with a number of awards and sponsorship. 

Canadian Society of Petroleum Geologists (CSPG) Award 

The Canadian Society of Petroleum Geologists Award is awarded annually for the best 

presentation of a petroleum geology-related paper at the annual AUGC.  If the winner of the 

Science Atlantic Best Paper Award gave a petroleum geology-based presentation, then the CSPG 

award will go to the petroleum geology-based paper judged to be next best. 

Judging 

The award will be judged by a panel of at least 3 qualified judges with diverse geoscience 

expertise as described under judging above.  When a CSPG representative is present, he/she will 

take the lead in judging for the award. 

The Award 

A plaque is presented to the winner at the AUGC banquet as well as a monetary prize ($500 in 

2015), preferably by a CSPG member or representative. The plaque will reside at the winner’s 

university until the next AUGC, when the winner’s university is responsible for bringing the 

plaque to the next conference. 

Sponsor 

This award is sponsored by the Canadian Society of Petroleum Geologist. Founded in 1927, the 

mission of the Society is to advance the professions of the energy geosciences – as it applies to 

geology; foster the scientific, technical learning and professional development of its members; 

and promote the awareness of the profession to industry and the public. 

Canadian Society of Exploration Geophysicist (CSEG) Award 

Established in 2008, the CSEG award is given to the student who presents the best overall 

geophysics paper at the AUGC conference (typically awarded for an oral presentation; however, 

poster presentations are also eligible). Geophysics is a diverse discipline with many different 

areas of study, and this award could be awarded to any student whose work falls under this broad 

category. 

Judging 

Students will be evaluated on the scientific merit of their work, their general understanding of the 

material covered and their ability to effectively communicate this to the judges. This award will 

be judged by the panel of judges chosen by the conference organizers. Ideally one of these 



 

75 
 

judges should have a geophysics background. The CSEG will typically send representatives to 

attend the conference so if a geophysics judge cannot be found locally then one of these 

representatives may be asked to judge. The award may not be presented if the judges and the 

CSEG representatives determine that no presentation fulfills the spirt of the award. 

The Award 

The award consists of a monetary prize ($500 in 2015) for the student presenter, as well as a 

plaque which resides at the winner’s university for one year, after which the winner’s university 

is responsible for bringing the plaque to the next annual conference. The award is usually 

presented by CSEG’s representative at the annual banquet of the AUGC. The monetary prize of 

$500 comes from the funds ($4,500 in 2015), the CSEG commits to the conference.  It is a 

responsibility of the school that hosts the conference to prepare and distribute a cheque for the 

winning presenter. 

Sponsor Information 

The Canadian Society of Exploration Geophysicist began in 1949 at around the time of the 

petroleum production boom of the Leduc and Redwater discoveries. As a result of these 

significant discoveries, there was a need for increased knowledge, skill and professional 

attributes in the field of geophysics. Today, the CSEG is a thriving organization. CSEG’s 

mandate is to promote the science of geophysics among its members, especially as it applies to 

exploration, and to promote fellowship and co-operation among those persons interested in 

geophysical prospecting. 

The Frank S. Shea Memorial Award in Economic Geology 

The Frank S. Shea Memorial Award honours the student making the best presentation 

regarding an aspect of or with implications for economic or applied geology. If the winner of the 

Science Atlantic Best Paper Award gives an economic or applied geology presentation, then the 

Shea Award will go to the economic or applied geology presentation judged to be next best. 

About Frank Shea 

During some 27 years, Frank Shea was engaged in mineral resources exploration and 

development activities in the Atlantic region. For more than 10 years he served as Chief 

Geologist and division director of the Mineral Resources and Geological Services Division in the 

former Nova Scotia Department of Mines. 

Frank graduated from St. Francis Xavier University in 1954 with a BSc in geology. He continued 

his studies at Dalhousie University, receiving his Master’s degree in 1958. Frank had a great love 

for his native province and promoted its welfare by assisting mineral exploration and research 

projects whenever and wherever he could. He was a strong supporter of educational programs in 

geology such as the geology field school at Crystal Cliffs near Antigonish and prospector 

training. 
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Judging 

Student papers are reviewed and judged for content in economic or applied geology or 

implications for economic/applied geology by a panel of practicing geologists.  For practical 

purposes, this will be done the same panel of judges as evaluates the other awards.  If there are 

no papers on economic or applied geology deemed worthy during the annual AUGC, the award 

may not be given. 

The Award 

The award consists of a cheque ($500 in 2015) for the winning student and a $100 cheque for the 

geoscience club that the student represents. 

Sponsor 

The Frank Shea Memorial Award is sponsored by the Mining Society of Nova Scotia. Organized 

in the 1890s to promote the mineral industry, to share technical knowledge and to encourage 

fellowship, this Society was one of the founding members of the Canadian Institute of Mining 

and Metallurgy (CIM), the premier mining organization in Canada. 

The Society is pleased to support this award honouring a student, the contributions of Frank 

Shea, and the economic impact of geology on the Canadian economy. 

Atlantic Geoscience Society Environmental Geoscience 

The Atlantic Geoscience Society Award was established in 2015 by the Atlantic Geoscience 

Society to recognize the best project (talk or poster) at the annual AUGC involving a significant 

component of environmental geoscience. 

Judging 

Student papers are reviewed and judged for content in environmental geoscience or implications 

for environmental geoscience by the same panel of judges as evaluates the other awards. 

The Award 

The award consists of a monetary prize ($100 in 2015) to the winning student and a plaque that 

will reside at that student’s university until the next AUGC. 

Sponsor 

The Atlantic Geoscience Society exists to promote a better and wider understanding of the 

geology of Atlantic Canada, both to its members and to the public. An entirely volunteer 

association, the AGS brings together earth scientists from universities, government institutions, 

the environmental, mining, and petroleum industries, and consultants in the Atlantic Provinces. 



 

77 
 

 
 

 

 

 

 

  



 

78 
 

 

 


