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AGING EFFECT ON MOSSBAUER SPECTRUM OF COPROLITE 
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Physics Department, Faculty of Science, lhziversity of Qatar, Doha, Qatar 
H MiSssbauer Laboratory, Faculty of Science, AZ-Azhar University Cairo, E g y p t  

Rdsum6.- La technique de l ' e f f e t  ~ G s s b a u e r  a 6t6 u t i l i s L e  pour l ' d t u d e  df6chant i l lons  de copro l i t e  
(bouse f o s s i l e ) ,  provenant d'horizons gdologiques d i f f d r e n t s  du d e s e r t  nord-est de lTEgypte. Des 
ph6nomEnes de re laxa t ion  sont  observds dans l e s  spec t res ,  en r e l a t i o n  systematique avec l a  profondeur 
de l 'horizon d 'or igine,  c.a.d. 1'Pge de l ' dchant i l lon .  Ceci confirme l ' e x i s t e n c e  de r e l a t i o n  e n t r e  
l a  t a i l l e  des p a r t i c u l e s  e t  l ' e f f e t  de v ie i l l i s sement .  

Abstract.- The ~ g s s b a u e r  Ef fec t  (ME) technique was applied t o  study copro l i t e  ( f o s s i l  dung) samples 
from d i f f e r e n t  geological horizons i n  the  North-Eastern Desert of  Egypt. Relaxation phenomena were 
observed i n  the  spec t ra  which i s  i n  a systematic  r e l a t i o n  with the depth of the horizon, i . e . ,  the 
age of the  sample. This supported the  exis tence of a r e l a t i o n  between the  p a r t i c l e  s i z e  of the  i r o n  
oxide and the aging e f f e c t .  

1 .  Introduction.- I n  studying "coprol i te"  which i s  

f o s s i l  dung, i . e .  p e t r i f i e d  excrements of animals 

l i v i n g  during t h e  time a rock formation was deposi- 

ted,  the r e s u l t s  showed the presence of the same i ron  

forms i n  a l l  samples, but with a remarkable differen- 

ce i n  the  i n t e n s i t y  of the  same i r o n  form from type 

to type of copro l i t e .  This led t o  suggest t h a t  these 

differences may be due to e i t h e r  a r e l a t i o n  between 

the  o r i g i n a l  n u t r i t i v e  organic matter  and the repla- 

c ing mater ial  i n  the d i f f e r e n t  copro l i t es ,  o r  the 

d i f fe rence  i n  t h e  age of the  samples which can a i d  

i n  transforming some i r o n  form t o  the other .  So i t  

was decided to study copro l i t e  samples from different  

geological horizons t o  d e t e c t  the aging e f f e c t ,  i f  it 

i s  e x i s t .  

2 .  Experimental de ta i l s . -  Three d i f f e r e n t  types of 

copro l i t e  samples were col lected from d i f f e r e n t l o c a -  

l i t i e s  and from the f i r s t  type / l / ,  other  samples 

were co l lec ted  from t h e  same l o c a l i t y  but  from d i f -  

f e r e n t  geological  horizons a t  lower depths (see t a b l e  

I). The samples were s tudied using ME technique a t  

both room and l i q u i d  ni t rogen temperatures. DTA mea- 

surements were ca r r ied  a l s o  f o r  some samples. The ME 

absorbers were prepared from 200 4 4 . 5  cm2 of t h e  

f i n e  powdered mate r ia l  using a constant  acce le ra t ion  

dr iv ing  system coupled t o  a 512 multichannel analy- 

zer.  The source was 20 m C i  5 7 ~ o  i n  C r  matrix. 

3. Resul ts  and discussion.- Figure 1 shows the  room 

temperature ME spec t ra  of a represen ta t ive  sample 

from each of t h e  th ree  copro l i t e  types. The ME re- 

s u l t s  a r e  summarized i n  t a b l e  I. These r e s u l t s  showed 

the  presence of cc-Fe2O3 i n  a l l  the  samples, but with 

varying amounts. This r e s u l t  i s  i d e n t i c a l  with t h a t  

obtained f o r  the  f o s s i l s  of the  proper animal o r  

p lan t  from the  same region / l / .  

Fig I : The R.T. ME spec t ra  of a representat ive sam- 
p l e  from each of the  th ree  copro l i t e  types. 

The ME r e s u l t s  showed a l s o  the  presence of two para- 

magnetic components beside a-Fep03. One component 

has the  room temperature ME parameters charac te r i s t i c  
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Table I : The ME parameters of the different coprolite samples 

Sample ' . qSS. : H. : % o f :  
: No. i Shape : Locality I~em~erature I~om~onentI I"' : . m / s  : mm/s : kOe : total : 

: iron : 

: Ia : Rolled bodies : Phosphatic : R.T. : A : 0.44 : 0.48 : 498 : 25 : 
: region at : 
: Safaga : B i 0.32 i 0.64 i zero 68 

: (ground : C : 0.40 : 1.20 : zero : 7 : 
: surface) : 

2 Ellipsoidal Nubban R.T. : A : 0.44 0.40 i 5 0 0  : 58 : 
Sand-stone : B : 0.29 : 0.49 :zero : 31 : 
at Aswan : 

: C i 0.37 i 1.14 i zero I 1  i 

: 3 : Spiral : Safaga : R.T. : A : 0.42 : 0.40 : 505 : 59.5 : 
: (small size) : : C i 0.33 i 1.06 zero : 29.5; 

: D : 0.56 : 0.56 : 393 : 1 1  : 

30m depth i R.T. ' A :  : 0.40 500 : I Ib I 
: D :  : 0.36 : 340 : 

L.N. A j 0.44 0.40 525 : 25 

: B : 0.32 : 0.56 : zero 68 : 

C : 0.36 : 1.13 : zero : I 
: 1, : : L.N. : A : 0.50 : 0.48 : 492 : 68 : 

: 60m depth : L.N. : A : 0.44 : 0.48 : 480 : 74 : - 
: E. i 0.32 zero zero 26 i 

I.S. is relative to Fe in Cr. 
Errors in velocity scale f 0.08 mm/s. 
Errors in magnetic fields f 5 kOe. 

of either pyrite, glauconite, Fe(0~)~ or y-FeOOH 

where these compounds have nearly the same room 

temperature ME parameters, and all these compounds 

were identified in other fossils /1,2/. The DTA mea- 

surements of sample 1 showed an endothermic peak 

at 200°C and an exothermic one at 550'~. These ther 

mal behaviours together with the values of the ME 

parameters of the main paramagnetic component in the 

spectra of this sample at both room and liquid ni- 

trogen temperatures (table I) are characteristic of 

lipedocrocite (y-FeOOH) /3,4/. 

So this component which constitutes 68% of the 

total iron present in coprolite type 1 may be due 

to the presence of y-FeOOH. The pattern due to 

y-FeOOH disappeared in the spectrum of the sample 

representing type 3 (Fig. 1) with the appearance of 

a magnetic pattern characteristic of a-FeOOH /5/. 

The second paramagnetic component has IS = 0.40 

and QS = 1.12 m / s  which are characteristic of ~ e ~ +  

ion in octahedral site /6/. 

It is seen that samples I and 3 which are from 

the same locality, but belong to two different types 

of animals showed differences in their results indi- 

cating that there may be a relation between the sort 

of the original nutritive organic matter and the re- 

placing material. The age of the coprolite samplecan 

also be a factor which aids in transforming one iron 

form to the other. 

Figure 2 shows the room temperature ME spectra 

of three samples of type 1 from different three 

depths. The results of sample la which is fromground 

surface showed the stability of the state and percen- 

tage of each iron component after cooling to the li- 

quid nitrogen temperature (table I). 

On the other hand sample lb which is from a 

lower horizon (30m depth), i.e. older than the first 

sample showed a relaxed spectrum with broad lines 

and slope in it,s baseline. This is due to superpara- 

magnetic behaviour resulting from small particle 

sizes /7/. 



Ve loc i ty  (mmls) 

Fig.  2 : The ME s p e c t r a  of t h r e e  samples from d i f f e -  
r e n t  depths ,  I from t h e  ground sur face ,  1 from 
30m depth and ;c from 60m depth. 

b 

The ana lys i s  of t h i s  spectrum ( t a b l e  I )  showed 

t h e  presence of two magnetic p a t t e r n s  (A and D). The 

values  of t h e  parameters of these  two p a t t e r n s  a t  

room and l i q u i d  n i t rogen  temperatures a r e  characte- 

r i s t i c  of f i n a l l y  divided p a r t i c l e s  of cl-Fe00H ( f o r  

t h e  small f i e l d  pa t t e rn )  and a-Fe20,. The same values 

time elapsed between the  p e t r i f i c a t i o n  process  and 

today, confirms the  ex i s t ence  of t h e  aging e f f e c t  

/9,10/.  This e f f e c t  has  been proposed r e c e n t l y  by 

Danon e t  a l .  /9 /  and Gangas e t  a l .  /10/ from t h e i r  

ME measurements on ancient  po t t e ry .  They explained 

the  time dependence of the  p a r t i c l e  s i z e  observed 

by t h e  ME spec t ra  of anc ien t  a r t i f a c t s  t o  be due t o  

a slow d i s i n t e g r a t i o n  process of t h e  p a r t i c l e  s i z e  

of t h e  i r o n  oxide. This  f a c t  i n d i c a t e s  t h a t  the  

o r i g i n a l l y  l a r g e  s i z e  i r o n  oxides  p a r t i c l e s  i n  

c o p r o l i t e s  su f fe red  an e ros ion  reduct ion t o  smal ler  

p a r t i c l e s .  
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