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Saskatchewan	  Geological	  Society	  Lecture	  

Friday,	  October	  20,	  2017	  

	  	  

METALLOGENY	  AND	  MAGMATISM	  OF	  THE	  1.1	  Ga	  MID-‐CONTINENT	  
RIFT	  
	  	  

Dr.	  Peter	  Hollings	  	  
2017-2018 Howard Street Robinson Lecturer, Mineral Deposits Divi-

sion, Geological Association of Canada	  
Department of Geology, Lakehead University	  

	  	  

Artful	  Dodger,	  1631	  –	  11th	  Avenue,	  Regina	  

Lunch:	  11:45	  am	  
Meeting	  Talk:	  12:15	  to	  ~1:00	  pm	  

For	  lunch,	  the	  cost	  is:	  
S.G.S	  Members:	  $15.00	  
Student	  Members:	  $5.00	  
Non-‐members:	  $20.00	  

For	  those	  members	  not	  having	  lunch,	  the	  talk	  is	  free.	  
Please	  contact	  Mike	  Thomas	  at	  mike.thomas@sasktel.net	  or	  306-‐457-‐7002	  

by	  12:00	  pm,	  Wednesday,	  October	  18	  if	  you	  plan	  on	  having	  lunch.	  

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

*Dr.	  Hollings	  will	  be	  giving	  a	  2nd	  talk	  to	  U.	  of	  Regina	  Geology	  at	  3:00	  pm	  that	  same	  after-‐
noon.	  Contact	  Tsilavo	  Raharimahefa	  for	  location,	  tsilavo.raharimahefa@uregina.ca.	  

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
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ABSTRACT	  
	  
	  

The ~1.1 Ga Midcontinent Rift (MCR) is widely accepted to have formed above an upwelling mantle plume. Re-
cent geochemical and geochronological studies have revealed a previously unrecognized complexity that has im-
plications for the petrogenesis, metallogeny and origin of the rift. 	  
	  	  
The MCR is host to a wide range of mineralization styles, including both hydrothermal and magmatic systems 
(Miller and Nicholson, 2013). MCR-related hydrothermal deposits include: 1) native copper and silver depos-
its in basalts and interflow sedimentary rocks (e.g., Keweenaw Peninsula, Michigan; 2) stratabound copper 
sulfide and native copper in clastic sedimentary rocks (e.g., White Pine Mine, Michigan); 3) copper sulfide 
veins and lodes hosted by volcanic rocks (e.g., Coppercorp Mine, Ontario; and 4) polymetallic, silver-bearing 
veins around Thunder Bay (e.g., Silver Islet, Ontario). MCR-related hydrothermal activity is also thought to 
have remobilized pre-existing metals in older rocks, generating lead-zinc-barite veins and uranium-bearing 
veins and breccias northeast of Thunder Bay. Magmatic deposits in MCR igneous rocks include: 1) low-grade 
Cu-Ni-PGE sulfide deposits hosted by predominantly gabbroic rocks of the Duluth and Coldwell complexes 
(e.g., Mesaba, Nokomis, Minnesota; Marathon, Ontario); 2) stratiform, PGE-enriched “reef” intervals in lay-
ered mafic intrusions (e.g., Seagull, Ontario; Tamarack, Minnesota), 3) high-grade, Ni-Cu-PGE-bearing sul-
fide deposits in ultramafic intrusions (Eagle Mine, Michigan; Current Lake, Ontario); 4) Ti-Fe(-V) oxide-rich 
ultramafic intrusions in the Duluth Complex (e.g., Longnose and TiTac deposits, Minnesota); 5) U-REE in 
diatremes and carbonatites (e.g., Dead Horse Creek and Prairie Lake complexes, Ontario); and 6) Cu-(Mo)-
bearing breccia pipes (e.g., Tribag deposits, Ontario).	  
	  	  
Geochronologic data, published in the past 10 years, have yielded significantly older ages than previously 
recognized (ca. 1120 Ma; Heaman et al., 2007, Hollings et al., 2010 and Dunlop, 2013). This implies that 
MCR magmatism spans at least 30 million years (i.e., ca. 1120 to 1090 Ma) and possibly longer, con-
siderably longer than is typical for the Large Igneous Provinces (LIPs) which are characterized by short-
duration magmatism (less than 1–5 My; Ernst et al., 2013). Recent, detailed geochemical studies have 
shown that the intrusive and extrusive rocks of the MCR north of Lake Superior comprise a complex 
suite of rocks derived from a heterogeneous mantle source. Early, PGE-mineralized ultramafic intru-
sions are among the most geochemically and isotopically primitive rocks in the MCR, although the oli-
vine chemistry of those rocks suggests a parental magma with 8-10 wt% MgO (e.g. Goldner, 2011); 
younger mafic intrusions are less commonly mineralized. The geochemical evolution of magmatism in 
the northern MCR suggests that source of magmatism for the rift became more depleted through time.	  
The long duration of MCR magmatism, the absence of primary ultramafic magmas and the lack of a radiating 
dike swarm collectively suggest that a passive rifting model may be more appropriate for the rift. According to 
this model, rifting of the Superior Craton, possibly in response to a newly recognized global LIP event, enabled 
upwelling of material underplated by earlier plume events thought to have been centered in the vicinity of the 
present-day Lake Superior (e.g. the Marathon LIP, Halls et al., 2008). Ongoing research seeks to elucidate the 
timing, nature and tectonic setting of MCR magmatism and its associated mineral deposits.	  
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BIO	  
	  

Dr.	  Hollings	  completed	  his	  Ph.D.	  at	  the	  University	  of	  Saskatchewan	  in	  1998	  where	  he	  investigated	  the	  geo-‐
chemistry	  of	  the	  2.7-‐3.0	  Ga	  Uchi	  Subprovince	  from	  Red	  Lake	  to	  Pickle	  Lake.	  During	  a	  two-‐year	  NSERC	  funded	  
postdoctoral	  fellowship	  at	  CODES	  Dr.	  Hollings	  participated	  in	  a	  multi-‐disciplinary	  research	  project	  investigating	  
the	  genesis	  of	  giant	  copper-‐porphyry	  deposits	  in	  Chile.	  As	  a	  faculty	  member	  at	  Lakehead	  University	  since	  2001,	  
Dr.	  Hollings	  is	  continuing	  his	  research	  into	  the	  relationship	  between	  igneous	  petrogenesis	  and	  mineralisation	  
in	  Northwestern	  Ontario,	  the	  Philippines	  and	  S	  America.	  He	  has	  published	  more	  than	  75	  peer-‐reviewed	  papers	  
on	  these	  topics.	  Hollings	  is	  currently	  the	  Chair	  of	  the	  Department	  of	  Geology	  and	  Director	  of	  the	  Centre	  of	  Ex-‐
cellence	  for	  Sustainable	  Mining	  and	  Exploration,	  both	  at	  Lakehead	  University.	  He	  was	  appointed	  an	  Associate	  
Editor	  of	  Mineralium	  Deposita	  in	  2017.	  

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  	  

Hope	  to	  see	  you	  there.	  	  
Saskatchewan	  Geological	  Society	  	  

P.O.	  Box	  234	  
Regina,	  SK	  S4P	  2Z6	  

Canada	  
Sask.Geol.Soc@hotmail.com	  
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President’s	  Message	  –	  how	  people	  will	  remember	  us…	  

In	  September,	  the	  geologist	  community	  of	  Regina	  lost	  Dr.	  Jack	  Mollard,	  a	  scientist,	  a	  supporter	  of	  science,	  
but	  more	  than	  everything	  “one	  of	  the	  last	  true	  gentleman”	  as	  somebody	  that	  knew	  him	  talked	  about	  him.	  I	  
have	  not	  had	  the	  chance	  to	  meet	  personally	  Dr.	  Mollard,	  but	  everyone	  that	  knew	  him,	  describes	  him	  in	  such	  
manner	  that	  I	  feel	  it	  is	  my	  personal	  loss	  not	  meeting	  him.	  	  
	  
And	  that	  makes	  me	  think,	  how	  people	  will	  remember	  us?	  As	  people	  hidden	  behind	  the	  phone,	  or	  in	  the	  
rooms,	  not	  trying	  to	  reach	  out…	  	  or	  as	  people	  that	  lived,	  that	  poured	  their	  soul	  out	  every	  second,	  squeezing	  
every	  drop	  of	  juice	  out	  of	  the	  time	  they’re	  given	  on	  this	  earth.	  And	  all	  this,	  not	  because	  we	  want	  a	  statue	  
downtown,	  or	  because	  that	  is	  the	  right	  thing	  to	  do	  according	  to	  the	  society,	  but	  because	  in	  our	  hearts	  there	  
is	  no	  other	  way.	  
	  
When	  we	  pass,	  we	  continue	  to	  live	  in	  the	  memory	  of	  the	  people	  we	  have	  touched,	  reached	  to,	  embraced,	  
mentored,	  hurt,	  ignored…	  	  A	  footprint	  on	  the	  sea	  waves.	  
	  
I	  know	  we	  all	  have	  busy	  lives,	  but	  let’s	  not	  allow	  those	  busy	  lives	  to	  take	  us	  on	  a	  different	  planet.	  Interaction	  
with	  peers	  is	  key	  during	  university	  years,	  during	  work	  years.	  Interaction,	  as	  hard	  as	  it	  can	  be,	  is	  what	  makes	  
us	  humans.	  And	  precisely,	  because	  of	  this	  interaction	  we	  will	  be	  remembered.	  	  
	  
	  That	  being	  said,	  if	  you’d	  like	  to	  keep	  informed	  with	  everything	  that	  we	  do,	  follow	  and	  like	  us	  on	  Facebook,	  
check	  periodically	  our	  website	  www.sgshome.ca.	  We	  will	  also	  try	  to	  keep	  you	  informed	  by	  sending	  you	  
periodic	  emails.	  And	  the	  best	  way	  to	  know	  us	  is	  to	  get	  involved	  in	  what	  we	  do.	  Hope	  to	  see	  you	  at	  our	  next	  
event.	  
	  Monica	  Cliveti	  

	  
	  
	  
	  
OTHER	  NEWS	  AND	  EVENTS	  
	  

In Memoriam 
John Douglas Ashton (Jack) Mollard 
January 3, 1924 – September 13, 2017 

 
A	  memorial	  service	  will	  be	  held	  at	  1:00pm	  on	  Oct.	  27	  at	  St.	  Paul’s	  Anglican	  Cathedral,	  1859	  McIntyre	  St. 

 
 

Dr. J.D. (Jack) Mollard, OC, SOM, Ph.D., LL.D., FCAE, FEIC, FCRGS, P.Eng., P.Geo., died peacefully in his 
home surrounded by family on September 13, 2017. Jack was well known to the local, national and internation-
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al engineering and geoscience community, and his achievements and contributions in the fields of engineering, 
geoscience, teaching, writing and consulting are truly remarkable.  
 
A Saskatchewan native, Jack grew up on a farm near Xena, a short distance west of Watrous. Jack completed 
high school in Watrous before moving to Saskatoon where he obtained a Bachelor of Civil Engineering from 
the University of Saskatchewan in 1945. After a brief time with the Saskatchewan Highways Department in 
1946, Jack moved on to obtain a Master’s of Science in Civil Engineering from Purdue University in 1947 and 
then a Doctor of Philosophy from Cornell University in 1952. While at Perdue and Cornell, Jack studied under 
Dr. Donald Belcher, a pioneer in terrain interpretation using stereoscopic aerial photographs.  
 
Following completion of his doctorate degree, Jack joined the Prairie Farm Rehabilitation Administration 
(PFRA) in Regina. As PFRA’s chief air surveys engineer, Jack conducted airphoto and site investigations for 
the many dams and water resource development projects constructed by PFRA in western Canada at that time. 
Among other projects, he made a significant contribution to geological and engineering studies to locate Gardi-
ner Dam, which was completed in 1966. From 1953 to 1956, Jack served as an advisor to the Shaw Royal 
Commission on Newfoundland agriculture and as a technical advisor on aerial resource mapping to the gov-
ernments of Ceylon and Pakistan. 
  
Jack started his consulting firm, J.D. Mollard and Associates Limited, in 1956. Located in Regina throughout its 
history, the firm undertook more than 5,000 consulting assignments in applied airphoto and satellite image re-
mote sensing under Jack’s leadership. Those projects covered a wide range of applications -- exploring for ag-
gregates, hydrocarbons and minerals, conducting geoenvironmental studies, mapping natural hazards, selecting 
route and site locations, and conducting groundwater studies -- in a wide range of terrain. Jack completed stud-
ies on all continents and even Mars.  
 
Jack generously shared his knowledge and experience in over 100 short courses and workshops across Canada 
and in the USA, and published over 125 technical and scientific papers. Early in his career he was invited by 
Dr. Karl Terzhagi to lecture at Harvard. He holds the record for longevity at the University of Alberta extension 
department, having lectured there for over 40 years. Jack’s also recognized the important role that universities 
play in preparing future engineers and geoscientists and gave generously to the universities of Saskatchewan 
and Regina. This vision was exemplified when, at 89 years of age, he joined a group of engineering students for 
the inaugural “Sensing the Earth” field tour which he helped found at the University of Saskatchewan. 
  
Jack's work has been widely recognized over the years. In 2002 he was named an Officer of the Order of Cana-
da and he received the Lieutenant-Governor of Saskatchewan's Meritorious Achievement Award. In 2010 he 
received the Saskatchewan Order of Merit. He has also received the Julian Smith Medal from the Engineering 
Institute of Canada (EIC) for achievements in the development of Canada, the Sir John Kennedy Medal, the 
highest honour of the EIC, the Allied Arts Medal from the Royal Architectural Institute of Canada, the Massey 
Medal from the Royal Canadian Geographical Society, an honorary Doctor of Laws from the University of Re-
gina plus many other major awards. 
 
These achievements not withstanding, Jack was perhaps best known for his passionate interest in interpreting 
the Earth's physical geography, geoenvironment and natural resources from airphotos and satellite images, and 
for his warm personality and infectious enthusiasm. He will be dearly missed by family, friends and colleagues. 
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Membership	  Renewals	  PLEASE	  
SGS	  membership	  is	  on	  a	  calendar	  year	  basis.	  If	  you	  have	  not	  renewed	  your	  membership	  for	  2017,	  this	  will	  
be	  a	  very	  good	  moment	  to	  do	  so.	  The	  most	  convenient	  way	  to	  renew	  your	  membership	  is	  to	  do	  it	  online	  
https://sgshome.ca/membership/membership-‐application.	  	  

	  
	  
Upcoming	  Activities	  in	  a	  nutshell	  

Here	  is	  what’s	  in	  the	  works	  for	  the	  months	  to	  come,	  submitted	  by	  Mike	  Thomas	  and	  Kim	  Kreis.	  	  
	  

SASK. GEOL. SOC. PROGRAM, Fall 2017 / Winter 2018 
 

1. Stay	  tuned	  for	  our	  line-‐up	  of	  wonderful	  luncheon	  talks	  
2. Open	  House	  November	  27-‐29,	  Saskatoon	  
3. Save	  the	  date	  for	  SGS	  Award	  Banquet	  and	  AGM	  night	  –	  February	  3,	  2018	  
4. Save	  the	  date	  for	  Curling	  Bonspiel	  –	  March	  17,	  2018	  
	  
Suggestions	  for	  other	  potential	  speakers	  or	  activities	  are	  always	  welcome.	  Please	  contact	  either	  Mike	  
Thomas	  or	  Kim	  Kreis	  with	  your	  ideas.	  
	  
	  

Geology	  Calendar	  of	  Sakatchewan	  2018	  
 
The 3rd edition of this high quality calendar is available now for purchase. Hot from the print! You can order 
copies through SGS, or one of the committee members. The calendars are $10 if bought individually. If bought 
in bulk they can be purchased at a discounted price. Contact us for more information. 
	  
 
	  
	  
News	  from	  the	  D.M.	  Kent	  Club	  

The	  new	  executive	  is	  planning	  the	  2nd	  Industry-‐Student	  Round	  Table	  for	  November	  3rd.	  And	  they	  are	  also	  
busy	  organizing	  WUIGS	  2018	  at	  the	  beginning	  of	  January	  in	  Regina.	  
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OUR	  2017	  CORPORATE	  MEMBERS:	  

Dave	  Thomas	  


