Avalonia — an exotic microcontinent
Precambrian — Cambrian & Ordovician

1,000 Ma to 440 Ma



Pangea reconstruction showing
Avalonia microcontinent+continental
margins
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Present distribution of Avalonia + fringing continental
margins
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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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Modern analog
Japan: arc
volcanoes
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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
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Stromatolites Dropstones
Trilobites: Olenus
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Magnetic anomalies in Atlantic Canada (Haworth and Lefort
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Late Precambrian reconstruction of Maritime Canada (Keppie+ in press)

R
=

Cape Breton £+
Island '

Cobequid and

Antigonish
Highlands
ik
Southern New ,‘]ﬂ M
Brunswick S e e

4

Backarc Arc ,
. Legend: see Figure 2




Late Precambrian and earliest Cambrian
reconstructions

Ca. 600 Ma
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Polar wander paths (Keppie. in press)
Small circle ments: plate mation
Irregular se nts: true polar wander
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Cambrian reconstructions
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Accordion tectonics

Dance tectonics: shasey
(b) 550 ma

(a) 550 Ma
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Gravity map

45°N =

44°N

Granite (purple):
high radioactive potassium

Granites: low
gravity



Metamorphic map of Nova Scotia (Keppie and Muecke 1979)
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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

Contact Metamorphism
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Note ~uniform distribution of large crystals— possible cause: RESONANCE
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GEOLOGICAL
MAP: NEW MINAS
Upper Devonian
Carboniferous
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RADIOACTIVITY

DATING THE AGE OF
MINERALS

and

RESONANCE
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All elements have =1 isotopes indicating
= mﬁtadmactlve decay to a “stable” isotope e

m All data for this table was s6urced frumthe UPAC
periodic table of elements and isotopes (IPTEI): T SCTTTI SR ST ST ST

Li Be H ——— Element symbol https://iupac.org/iptei/ B c N 0 F Ne

No. of known isotopes
[0 2 |2 1| L o (12 W] o [zn] v [zb] v SN 10 ] 2 Wan)
[ soowm [ machesin | No. of stable isotopes - red colour indicates no stable isotopes are known [ awminow T sicon | phoseuorus | surir | chiorive | arcon ]
Na Mg Al Si P S CL Ar

ER O EN ADI|E (23 WIN| s [OW] 2+ (A 2 AN 25 [Wom| 5 BN
-mm- copaLT mcm coea | e | ouwun | cmmwon | wwsenc | saewn | owone | vron |
K Ca Sc Ti V Cr Mn Fe Co N| Cu Zn Ga Ge As Se Br Kr

RUBIDIUM STRONTIUM YTTRIM zRconuw | wiogiwM | mowveoenow | teceenoM | Ruthenww | Rwobim | paLtaDim sivk [ caomum | moww T Tn | anmimony TeLwrom | oome | xenon |
[ caesum | marm HAFNIUM TANTALUM TonesTEN | meewwM | osmwM | mowm | pamum | con | meRcury THALLIUM LEAD BISMUTH POLONIUM ASTATINE RADON

Cs Ba tew Hf Ta W Re Os Ir Pt Au Hg TU Pb Bi Po At Rn

rRancid | raoiom | RUTHERFORDIUM | pusNiuM | sEABorGiuM BOHRIUM HASSIUM METNERIUM | DARMsTADTIUM | RoeNToENIUM | copernicium | niHonum | FLERoVIUM MOSCOVIUM | LIVERMORIUM | TENNESSINE |  OGANESSON |

Fr Ra aAur RfF Db Sg Bh Hs Mt Ds Rg Ch Nh FL Mc Lv Ts Og
EIEE RN (3 o L o L2 o foon o L o le oo o L7 ol ol o5 o e o el o2 oo

LANTHANUM CERIUM PRASEODYMIUM | NEODYMIUM | PROMETHIUM saMaRIM | EuropiuM | GADOLINIUM TERBIUM ovspRosiuM | ot | EreM | THULIOM YTTERBIUM LUTETIUM

Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
(a2 o lai of2 o]z of2 olxn o]z ola o2 o]z ofw ol ofw ol olu o]

@ © Andy Brunning/Compound Interest 2019 | www.compoundchem.com | @compoundchem @@@@ #
Shared under a Creative Commons 4.0 Attribution-NoDerivatives-NonCommercial licence. T o




Periodic repetition of properties is comparable to musical scale
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Radioactivity and carbon dating

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

4] neutron + 147N -

#.C + proton (--> CO --> CO,)

levels of C-14 have varied in the atmosphere through time
Htkosen datery i -ocean bottom topography, water temperature, coastline
shape and paired samples of terrestrial & marine objects.
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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 ** C combines with atmospheric oxygen to form radioactive
carbon dioxide, which is incorporated into plants by photosynthesis; animals then acquire ** C by eating

the plants. Carbon-14 is radioactive, with a half-life of about 5,700 years changing into Carbon-12.


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
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Earthquake size and magnitude:
logarithmic

curve
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ORIGINS OF EARTH & LIFE

ATMOSPHERE

PRECAMBRIAN ORGANISMS >550
Ma

PHANEROZOIC ORGANISMS <550
Ma



Nitrogen and

Oxygen
are
the most abundant




Solar energy and Light react with Carbon Dioxide and Nitrogen

in ancient
atmosphere
it s solar energy

>

Photosynthesis

6CO, + 6H,0 N C,H,,0, + 60,
el R Cellular respiration ~ 9'Uc0Se oxygen
dioxide \(_
chemical energy
(ATP) + heat
. light .
Fl:-'llm f'u':n:ﬂ"&ﬁmﬂ N2 + 3H20 photocatalyst ,2NH3 + 1502
Ammoni

a



The Geologic Time Scale:
The Precambrian Times

* Includes about 87% of the geological timescale
— Little or no atmospheric oxygen, N, CO,, H, CO

— Lack of ozone shield allowed UV radiation to bombard Eart
As Earth cooled water vapour (OH) condensed into water (H,0)

* First cells came into existence in aquatic
environments

— Prokaryotes
— Cyanobacteria left many ancient stromatolites fossils
— Added first oxygen to the atmosphere
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Emergence of Cellular Life

* Based on fossils, chemical evidence, and extrapolation
from molecular clocks, the first appearance and
relationships of the major kingdoms of life are indicated
against a 4.6-billion-year time scale
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Electromagnetic wave- mediated orderingof firstlife on mineral crystals of clay

input: LIGHT, IR, EMF s, electrons

Ordered water clusters

® a"* -
- 1 L]

ik F Ll
L] ﬂ n
o 0 (e]

N e

Emitted: THz/microwave

Silicate mneral

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



Wave frequencies of life, from clay-mediated gquantum replication

Clay Mineral Struciure
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Phyllosilicate mineral with stabilized ion/ water clathrates




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 ¢

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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