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PART 1 - Geological Perspective

PART 2 –Policy, Planning and Process



Nova Scotia Geology

Precambrian to Carboniferous:
undifferentiated intrusive rocks

Precambrian: volcanic & sedimentary rocks
basement complex (gneiss; schist)

Cambrian to Ordovician:
slate; minor greywacke

greywacke; slate

Cambrian to Early Carboniferous:
mixed sedimentary & volvanic rocks;
metamorphic equivalents

Early Carboniferous:
sandstone; shale; limestone; 
gypsum; anhydrite; halite
sandstone; shale; 
conglomerate; limestone 

Triassic to Jurassic:
red beds; basalt
Late Carboniferous:
sandstone; shale; conglomerate; coal
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STRATIGRAPHY
Historically Halifax Formation:
… referred to shale

… referred to pyritiferous slate

… mapped as one single, undivided unit

… ALL Halifax Formation considered acid producing

From a planning perspective, questions were raised:
… Is the entire Halifax Formation acid generating?

… Is ARD within the Halifax Formation predictable?

… What information is needed to make predictions?

Led to detailed mapping, mineralogical studies and magnetic studies.
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STRUCTURE

… cleavage

… preferential alignment of minerals

… disseminated 

… clots

… pervasive pathway

… exacerbated by development increasing surface area of minerals

Other considerations:
… slates form topographic highs (airport)

… further exacerbated by thin till cover and limited buffering capacity
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MINERALIZATION
… pyrrhotite  >  pyrite

… monoclinic pyrrhotite (magnetic, fast reacting), detectable As, Ni, Co

… marcasite, arsenopyrite, chalcopyrite, sphalerite, galena

… schwertmannite, rozenite, jarosite
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MAGNETIC SIGNATURE
… Pyrrhotite

… Airborne magnetics

… Regional mapping tool

… Cunard Member is (i) identifiable and (ii) continuous = (ARD) PREDICTABLE
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MAGNETIC SIGNATURE 

5 km



MEND – Halifax 2006
Acid Rock Drainage in the Halifax Formation Slates; What Have We Learned?

Terry A. Goodwin, NSDNR

Fred J. Bonner, NSDEL

May, 2006

MAGNETIC SIGNATURE 
Detailed Ground Magnetics (TF Magnetometer)



MEND – Halifax 2006
Acid Rock Drainage in the Halifax Formation Slates; What Have We Learned?

Terry A. Goodwin, NSDNR

Fred J. Bonner, NSDEL

May, 2006

MAGNETIC SIGNATURE 
Hand-held magnetic susceptibility meter (outcrop scale)
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STRATIGRAPHY 
… Detailed mapping

… Sulphides in Cunard Member (Beaverbank Member)

… Not all Halifax Formation is bad!
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=  “PERFECT STORM”

aerially extensive 

topographic highs

thin till cover (low buffering capacity)

mineralogy (pyrrhotite, crystal form, distribution, magnetic)

rate of reaction (very rapid - chemically and biologically)

structure (cleavage)

stratigraphy (Cunard Member)

aggregate (low cost, easily accessible, compacts)

+ rate of ARD production exacerbated by development

Halifax Formation (ARD) Summary:
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Policy, Planning and Process

ARD – “Perfect” example of disconnect between geology and human 
activities. 

WHY?

• Limited “policy” direction or guidelines
• Geology generally ignored during planning in past
• Attitudes, perceptions and actions (process)

- “I didn’t know”
- Extreme environmental impacts rare 
- We CAN “engineer” solutions
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Historically …

• Poor understanding of complex concepts 

• Ineffective regulations

• Severe environmental impacts at a number of sites

Policy without Geology - Lessons
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Extensive potential for impacts associated with ARD

Policy without Geology - Lessons
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“Accidental” disruption of slate material problematic

• Halifax International Airport (1960’s – 2000’s)

• Martin’s Brook (1990’s)

Policy without Geology - Lessons
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Geological investigation 
+ proper sampling
=  ARD Potential

• Petpeswick Lake

Policy without Geology - Lessons
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Caveats in Current Legislation??

Sulphide Bearing Material Disposal Regulations (exemptions)
Municipal Government Act - Development Agreements (HRM)

• Waterstone Subdivision (late 1990’s)
• Fairmont Subdivision (today!)

Policy and Planning - Lessons
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Policy and Planning - Lessons

Environmental Assessment (exemptions)
Activities Designation Regulations – Part 2

• Pits and Quarries (amendments 2005)

Caveats in Current Legislation??
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Policy and Planning - Lessons
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Planning and Process – Lessons

Three most important aspects of connecting geology and planning….

• Communication (be aware, be informed and be available)

• Communication (promote geological information integration)

• Communication (build linkages)
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“PERFECT STORM”

+

Policy, Planning and Process =

Future Directions??

Human Health Risks??
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