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How Old Is the Earth? — W [
and how do we know? g g
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Remember Dating methods prior to 1900

+ Methods for the identification of strata
(stratigraphy ) came from religiously orthodox

individuals such as Niels Stensen ( 0 St eno ¢

} There is no assumption of evolution in either
stratigraphy or methods for aging strata.

AThese require merely the application of known
physical and chemical processes

+ Biblical

} Cooling of the Earth ( Thermodynamic )
y Orbital dynamics (George Darwin)

} Ocean chemistry

+ Erosion and sedimentation




Biblical Estimates of Age
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} Proposed that the age of
the Earth could be
estimated from the salt
content of the ocean
(1715).

0The quantity of
now in the sea, and the

annual rate of its supply by

the rivers, lead, it will be

seen, to the deduction that

the age of the Earthis 99
millionyears . 6 (1899)

The experiment
intended to refute the

ancient notion, some

have of late entertained,

of the eternity of all

things; though perhaps

by it the world may be

found much older than

many have hitherto

i magined. ¢

By 1909 he had revised his
estimate to 150 million
years.
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y Examined cooling of metal

spheres of various

diameters

y Estimated 96,670 years
for Earth to cool to current

temperature.

y Privately believed 3 billion

years.
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Na 68,000,000 Cu 50,000
Mg 45,000,000 Bi 45,000 . )
Li 20.000.000 Hg 42,000 Assumption of constant rate of influx across
Sr 19,000,000 Co 18,000 geologic time known to be wrong.
Sediments 14,000,000 Ni 9,000
l': 11,000,000 Si 8,000 Poorly estimated parameters: rates of erosion

g 2,100,000 Pb 2,000 ; h ;
AU 560,000 Mn 1400 and solution, rainfall, runoff, continental area,
Mo 500,000 w 1,000 average exposed rock composition over time.
Sb 350,000 cr 350
;? i;g'ggg ;h igg Ignores movement of elements  out of oceans,
Sn 100,000 Fe 140 movement which occurs at approximately the
Ba 84,000 Al 100 same rate as influx. Therefore confuses

residence time with accumulation time
"C

} Kelvin scale (1848)

} Second Law of
Thermodynamics
(1851)

} Thermodynamic
argument that the
age of the Earth was
24 million years.




Assumption: The earth is a
warm, chemically inert planet
that is cooling.

Assumption: |t can be modeled
as an infinite plane of infinite
thickness.

Assumption: Heat loss is
through conduction from the
center.

the two sides of a certain infinite ple,  The sulition for the
v reuired elements is as follows i—

dv_ Vo=

w_ el
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where x denotes the eonductivity of the sulid, measured in terms
wlf the thermal enpacity of the unit of bulk ;

V, half the enee of the two initial tempernturs;

W arithweticl mean ;

the time

e distanee of any point from tho middle plae;

the tempernture of the point o b time £
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Theologians had rejected a literal reading of the
Bible and the implied young age of the earth

Physicists seemed to be limiting the age of the
Earth to circa 25 million years.

For biologists , t hi s wasndét a
generally didnoét subscr
process that required long periods of time and
Instead allowed for directed evolution.

This was, however, a problem for the geologists

who felt that long periods of time were needed
for formation of the Earth as we see it today.
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0The fascinat
impressiveness of rigorous
mathematical analyses,
within its atmosphere of
precision and elegance,
should not blind us to the
defects of the premises that
condition the whole process.
There is perhaps no
beguilement more insidious
and dangerous than an
elaborate and elegant
mathematical process built
upon unfortif
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Parameters are poorly known (conductivity of rocks; thermal
gradient; initial temperature of the Earth; heat released upon
crystallization; exact composition and structure of the Earth).

Considers conduction but not ~ convection , when the latter is a

more important source of heat loss.

Ignores other sources of heat:

a.  Heatleft over from the formation of the Earth, e.g. gravitational energy
from compaction, mechanical energy from meteor impacts, chemical
energy from the formation of the Fe - Ni core.

b.  Energy from contraction due to cooling

c.  Energy from ongoing core expansion

d Radioactivity

Q.




I.C. Chamberlain, 1
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OWhat the inte
constitution of the

atoms may be is yet an

open question. It is not R ad iQ m etr[ C dat ina
improbable that they are How the geologists used physics to show
complex organizations the physicists that they were wrong.

and the seats of
enormous energ
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