
   Avalonia – an exotic microcontinent

Precambrian – Cambrian & Ordovician

1,000 Ma to 440 Ma



Pangea reconstruction showing
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Present distribution of Avalonia + fringing continental 
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Cambrian cross-section across Avalonia and continental margins
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Southern NS Cross-section of Lower Paleozoic passive margin (White & Barr 2003) 
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Cross-section of present Atlantic margin (Deptuk 2020)
– comparable to Paleozoic margin: ~500 million year cycle
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TOOLS for paleogeographic reconstruction

Magnetic stripes – not available

Paleomagnetism – rarely available

Faunal provinces – available after 550 Ma

Detrital zircons – available but unreliable

Geological record – available but subject to multiple 
interpretations



Age of Detrital zircon ages in Cambrian overstep 
sequences



Stromatolites Dropstones
Trilobites: Olenus

Avalonian Cambrian rocks and 
fossils



McIlroy+202
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Late Precambrian rocks and 
fossils
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Turdidites (South Shore) + worm 
burrow
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Magnetic anomalies in Atlantic Canada (Haworth and Lefort 
1978)



Late Precambrian reconstruction of Maritime Canada (Keppie+ in press) 
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Polar wander paths (Keppie, in press)
Small circles segments: plate motion
Irregular segments: true polar wander



Cambrian reconstructions 
(Keppie+2023)

530-520 million years ago     510 million years ago



Accordion tectonics
Dance tectonics: shasey

Tropical

Ice margin





Gravity map
Radiometric map

Granites: low 
gravity

Granite (purple):
high radioactive potassium 



Metamorphic map of Nova Scotia (Keppie and Muecke 1979)

Increasing Temperature

   Devonian metamorphism

800-

100°C

0

25 
km



Contact metamorphism in sedimentary rocks next to granite
Intrusion of hot granite produces contact metmorphism shown by
Metamorphic minerals: clay > biotite > andalusite > garnet with a 
distribution that may have been produced by TONE
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Keppie & Dallmeyer 
1987

NS Structural map (Keppie 
1979)

Magnetic Map: 2nd vertical 
derivative
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GEOLOGICAL
MAP: NEW MINAS
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RADIOACTIVITY
 
DATING THE AGE OF 
MINERALS

and

  RESONANCE



All elements have ≥1 isotopes indicating 
 radioactive decay to a “stable” isotope

RED: no stable isotopes
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14C is constantly being created in the Earth's atmosphere by the interaction of cosmic rays with 
atmospheric nitrogen. The resulting 14 C combines with atmospheric oxygen to form radioactive 
carbon dioxide, which is incorporated into plants by photosynthesis; animals then acquire 14 C by eating 
the plants. Carbon-14 is radioactive, with a half-life of about 5,700 years changing into Carbon-12. 

#Neutrons+Proton
s

       
#Protons

Cosmic rays --> 14N --> 14C (--> 12C death of organism): 
neutron + 14

7
N → 14

6
C + proton (--> CO --> CO

2
)

levels of C-14 have varied in the atmosphere through time 
-ocean bottom topography, water temperature, coastline 
shape and paired samples of terrestrial & marine objects.
Check against tree rings.

Radioactivity and carbon dating

Hyperbolic 
curve

https://en.wikipedia.org/wiki/Atmosphere_of_Earth
https://en.wikipedia.org/wiki/Cosmic_ray
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Photosynthesis


K-Ar Dating (mica, amphibole, 
feldspar)

Hyperbolic 
curve



 

Radium series Actinium series
Thorium series

238U --> 206Pb 235U --> 207Pb
    212Th -> 206Pb

U-Pb decay



Dating zircon and U-Pb decay curves: Hyperbolic curve is inverse log 
curve

Zircons

zoned
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Calculated and measured values of magnetic field 
strength versus distance away from a magnet Oldenburg+2000.



Earthquake size and magnitude: 
logarithmic

Logarithmic 
curve

Logarithmic       Exponential





ORIGINS OF EARTH & LIFE

ATMOSPHERE

PRECAMBRIAN ORGANISMS >550 
Ma

PHANEROZOIC ORGANISMS <550 
Ma



Nitrogen and 
Oxygen

     are 
   the most abundant

gases in 
our 

atmosphere

Present components



Solar energy and Light react with Carbon Dioxide and Nitrogen 
in ancient 

atmosphere 

Ammoni
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, N, CO
2
, H, CO 

Eart
hAs          cooled water vapour (OH) condensed into water (H

2
O) 





Oceans: Anoxic
Sulphidic Oxic

  Prokaryotes
Eukaryotes



Meijer et al 2020, https://www.researchgate.net/publication/341314198







Gravitational waves are ripples in space-time that flow through cosmic 
gas and dust of the universe to produce the galaxies 

and planets: explosions of supernovae trigger shock wave & most 
primary cosmic rays.

DARK ENERGY forms 68% of the universe. which is surrounded 
by a vacuum that pulls this energy outwards at a present speed of 

73.4 kms/sec that is continually accelerating 



Silverberg & Eischen 2020, PHYSICS ESSAYS 33,



One possible cause of RESONANCE
Merging of black holes cause gravity waves. 

Black holes are at the centre of most galaxies=DARK MATTER=27% OF UNIVERSE 
A supernova also produces a shock wave.

https://scitechdaily.com/future-gravitational-wave-detectors-to-
detect-millions-of-black-holes-the-evolution-of-the-universe/
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