
Coal formation 
and Australia's 
drift north 

S o m e o f Aus t ra l ia ' s coa l 
deposi ts formed m u c h more 
recently than others. For 
example , the black coa l 
found near L a k e Phi l l ipson, 
S.A. , is 2 5 0 - 7 0 mi l l ion 
years old, whi le the brown 
coal around Yal lourn , Vic . , 
w a s laid down only 10—15 
mi l l ion years ago . 
Queens land ' s Mi l lmer ran 
deposi t is 150—70 mi l l ion 
years old. 

At the C S I R O Div is ion of 

F o s s i l F u e l s in Sydney, an 
important field of study i s 
the environments of coa l 
deposi t ion in t imes pas t . An 
unders tanding of these he lps 
today's prospectors locate 
a reas where more coa l may 
be discovered. 

T o find out more about 
the or igins of Aus t ra l ia ' s 
coa l s , Dr John S m i t h and 
Mr Don Rigby, of the 
Divis ion, m e a s u r e the ratios 
of the stable isotopes of 
var ious e lements found in 
them. T h i s work h a s 
produced a puzzling f inding: 
the ratio of the two stable 
isotopes o f hydrogen, whi le 
varying considerably, 
s eemed to be unrelated to 
the a g e , the maturity, or the 
location of the deposi t . 

T h e two isotopes are 
ordinary hydrogen (H), with 
jus t a proton a s its n u c l e u s , 
and the heavy hydrogen 
isotope deuter ium (D) , in 
w h i c h a neutron 

accompan ie s the proton. A 
number of r easons why their 
ratio var ies between coa l s 
have been s u g g e s t e d . 

One possibili ty i s that 
differences in the types of 
vegetat ion that turned into 
coal deposi ts provide the 
key. Normally, about 
0 • 0 1 5 % of the hydrogen 
found in water is deuter ium. 
Bu t when plants take up 
water as they grow they 
discr iminate aga ins t 
deuter ium, so the D : H 
ratio in their t i s sues is 
reduced. T h e extent of this 
discr iminat ion var ies 
between plant types, making 
vegetation differences the 
poss ible m a i n source of 
variation in D : H ratio 
between coa l s . 

Another s u g g e s t e d 
explanat ion i s the gradual 
loss of hydrogen from coal 
over t ime in the form of 
methane e m i s s i o n s . T h e 
methane general ly has a 
m u c h lower D : H ratio than 
the coal that it comes from. 

Dr Smi th and Mr Rigby 
tested these explanat ions 
aga ins t their data from 
Austra l ian coa l s and found 
them both want ing . One of 
their f indings w a s that older 
coa ls tend to have a lower 
D : H ratio than younger 
ones . T h i s s e e m s surpr is ing, 
because the loss of methane 
with its low D : H ratio 
could be expected to 

Where the South Pole has 
been relative to Australia. 
The figures on the track 
show the Pole's position 5 , 
25 , etc. million years ago. 

gradually ra i se the ratio in 
the hydrogen left behind in 
the coal . 

A factor that s e e m e d 
certain to have some 
influence w a s the difference 
in deuter ium content that 
h a s been measu red between 
rain fall ing near the equator 
and precipitation near the 
Poles . T h e water ' s D : H 
ratio dec rea se s very 
gradually a s you move away 
from the equator to about 
60° lati tude, and then falls 
more sharply as you 
approach the Po les . At the 
Poles only about 0 0 0 9 % of 
the hydrogen in rain-water 
(or snow) is deuter ium. 

T h e reason for this 
variation is that normal 
water ( H 2 0 ) evaporates more 
readily than heavy water 
(HDO or D , 0 ) . 
Atmospheric p rocesses 
produce evaporation from 
the oceans in warmer 
c l imates and condensat ion 
in cooler a reas , and thus 
bring about a gradual 
reduction in the proportion 
of heavy water in rainfall 
with d is tance from the 
equator. 

As a result , the water that 
plants growing in the 
tropics take up is sl ightly 
richer in deuter ium than the 
water plants growing in 
colder c l imates absorb. S o 
coa l , wh ich i s essent ia l ly 
the preserved res idues of 
land plants, could be 
expected to have a h igher 
D : H ratio when formed in 
the tropics than w h e n 
deposited nearer the Po les . 

Bu t i s this the m a i n c a u s e 
of the isotopic differences 
found between coa l s ? When 
the sc ient i s t s compared the 
lat i tudes of Aust ra l ian coa l 
deposits with their D : H 
ratio read ings they found no 
correlation. 

However, when they 
related the D : H ratios to 
the picture of Aust ra l ia ' s 
drift relative to the South 
Pole built u p from recent 
'pa laeomagnet ic ' s tudies 
done in the C S I R O Divis ion 
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of Minera l Phys ics 
(described in Ecos 3 5 ) , a 
c lear picture emerged . T h e 
lat i tudes of coa l deposi ts at 
the time of their formation 
correlated wel l with the 
D : H read ings . 

So the scient is ts conc lude 
that the D : H ratios in coa l s 
reflect predominantly the 
isotopic composi t ion of the 
avai lable fresh water dur ing 
growth of the plants that 
subsequent ly turned into 
coal . 

Austra l ia u sed to be m u c h 
c loser to the Sou th Pole 
than it i s now and, 
according to the continental 
drift experts , it is sti l l 
i nch ing northwards, 
Apparently, some 2 3 0 
mil l ion years ago the Pole 
w a s more or l e s s on what is 

now the Q u e e n s l a n d - N e w 
Sou th Wa le s border. 

T h e coa l deposi t with the 
lowest D : H ratio measured 
by the C S I R O team, at 

Nymboida in northern New 
Sou th W a l e s , was south of 
the present lat i tude of 
Macqua r i e I s l and when it 
formed some 180—200 
mil l ion years ago . T h e coal 
near Yal lourn, Vic . , with 
one of the h ighes t D : H 
rat ios, w a s formed m u c h 
further north — within the 
lat i tudes now occupied by 
T a s m a n i a . 

D : H ratios of coa l s and the 
palaeolat i tude of their 
deposit ion. J .W. Smi th , D . 
Rigby, P.W. Schmid t , and 
D.A. Clark. Nature, 1 9 8 3 , 
302 (in press ) . 
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