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Mössbauer studies on pre-roman and roman portuguese  iron artefacts
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This work presents the results of a Mössbauer study on iron nails from two
Portuguese archaeological settlements: Cabeça de Vaiamonte, an Iron Age hill
fort probably abandoned in the First Century BC, and Torre de Palma, a Roman
Villa, founded in the First Century AD, both near Portalegre.

The two sites were dug by teams from the Portuguese Museu Nacional de
Arqueologia, where the artefacts are stored.

Nails are considered basic objects of common use, made from local ores. Their
mineral origin should not constitute a way of distinguishing the two archaeological
sites and it is expected that any difference found in the studied artefacts should
be related to differences in the iron production techniques used at each time and
place. The investigation of the iron corrosion products may also enlighten about
eventual differences related to aging and corrosion processes.

The nails (3 from each archaeological site) were covered by a large amount of
corrosion products due to the processes of iron oxidation reaction and depending on
conditions such as soil composition, humidity and metal composition itself.

The corrosion products have been carefully removed and separated as different layers
(external and intermediate), until the nail surface was reached. The irregular
morphology of the artefacts, essentially due to corrosion, made difficult the layer
separation. Afterwards, the artefact itself was cleaned to be as free as possible from
corrosion products.
X-ray diffraction and Mössbauer measurements in transmission geometry have been

carried out at room temperature to identify the corrosion products present in external
and internal layers of different nails from both archaeological sites. Mössbauer spectra
collected in backscattering geometry using a conversion electron detector allowed the
study of the nails surfaces, after removal of the corrosion products.
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Corrosion products found in different layers
(Cabeça de Vaiamonte )

Torre de Palma

R. Matos1,2, L.P. Ferreira3,4, F.M. Costa1, C. Fabião5, M.D. Carvalho1

1CCMM/Dep. Química e Bioquímica, Faculdade de Ciências, Univ. Lisboa, Campo Grande, C8, 1749-016 Lisboa, Portugal
2Museu Nacional de Arqueologia, Praça do Império, 1400-206 Lisboa, Portugal

3CFMC, Univ. Lisboa, Campo Grande, C8, 1749-016 Lisboa, Portugal
4Dep. Física, Faculdade de Ciências e Tecnologia, Univ. Coimbra, 3004-516 Coimbra,Portugal

5UNIARQ/Dep. História, Faculdade de Letras, Univ. Lisboa, Alameda da Universidade, 1600-214 Lisboa, Portugal

Closest to the 

nail surface 
layer

Intermediate

layer

External

layer

293 K

78 K

Measurements at 78 K allow to 
identify the presence of 

superparamagnetic (SPM) goethite 
and lepidocrocite in the spectrum 

at 293 K. 
(Mössbauer parameters found for 

goethite at 78 K:

Hematite
Bhf distribution

Torre de 
Palma

Nails from

Cabeça de
Vaiamonte

Goethite
Bhf distribution

The spectra were analyzed through the
following procedure:

1) identification of the phases present
in the spectrum corresponding to
the layer closest to the nail surface;

2) blocking the d and e values
characteristic of the magnetic
phases found in 1) and fitting the
other layers spectra allowing only
the variation of the relative
fractions, width of the Lorentzian
lines and Bhf. The goethite and
hematitephaseswere treatedwith

Table 1 – Mössbauer parameters from a Torre de Palma nail. Spectra collected at 293 K. 
 

Layer �  
(mm/s)� �  (mm/s)� �  

(mm/s)� Bhf (T)� G 
(mm/s) 

%� Phase 

0.30(5) -0.23(6) - <26>(5) 0.35 9.2 Goethite 

External 0.36 
0.36 - 0.55 

0.92(2) - 0.30 
0.46 

39.0(2.8) 
51.8(3.0) 

Paramagnetic 
oxides + 

SPM Goethite 

0.28(2) -0.25(3) - <26>(9) 0.35 21.4 Goethite 

0.28 
0.68 

-0.05(3) 
-0.01 

- 49.0 
45.9 

0.34(3) 
0.44(1) 

13.5(3) 
26.1(6) 

Magnetite 

0.33 0.04(7) - 49.2 0.42(7) 8.1(9) Maghemite Intermediate 

0.36 
0.37 

- 0.52(2) 
0.85(6) 

- 0.30(4) 
0.51(3) 

11(4) 
20(5) 

Paramagnetic 
oxides +  

SPM Goethite 

0.34 -0.23(1) - <24>(11) 0.30 23.1 Goethite 

0.26 
0.67 

0.01 
-0.02 - 48.9 

45.8 
0.32 
0.48 

9.4(2) 
18.1(4) Magnetite 

0.33 -0.05(2) - 49.5 0.36(4) 4.6(1.0) Maghemite 

0.37(B) -0.20(B) - <47>(3) 0.30 9.7 Hematite 

0(B) -0.00 - 33.1 0.29 8.3(2) a-Fe 

Closest  
to the nail 

surface 

0.36 0.51 0.26(2) 7.4(1.1) Paramagnetic 
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Cabeça de Vaiamonte
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Tables
d (isomeric shift, relative to 
� -Fe at 293 K), Bhf

(magnetic hyperfine field), �
(quadrupole splitting), �  
(quadrupole shift), G(line 
witdh), % (relative area). 
The estimated errors for Bhf

are < 0.1 and for d, e, Dand 
Gare < 0.01, unless 
specified in the tables. 
The goethite and hematite 
phases were always treated 
with a distribution of the 
magnetic hyperfine field. 
The values within 
parenthesis in the Bhf

column correspond to the 
standard deviation of those 
distributions. 
The relative areas of the two 
magnetite sites were 
constrained to the proportion 
1:1.93

goethite at 78 K:
d = 0.50 mm/s, e= -0.21(1) mm/s; 

Bhf = <42> T (s = 9 T).)
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hematitephaseswere treatedwith
distributions of the magnetic
hyperfine fields.
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Comparison between both settlements

No important differences were observed when analyzing the
nails surface from both settlements using CEMS. Besidesa-Fe,
a small amount of a secondary phase is detected, certainly due to
fast surface oxidation.a-Fe Mössbauer parameters do not allow
distinction between nails provenance.

5 10 15 20 25 30 35 40 45 50 55 60 65 70

 

Close to the nail surface

Intermediate 3

External

 Magnetite/maghemite
 Goethite
 Lepidocrocite
 Quartz
 Hematite
 a -Fe

2q / º

• For each studied layer, the corrosion products iden tified by XRD and Mössbauer spectroscopy
are consistent. Overall, the same products were fou nd in both settlements artefacts.  
Goethite is the most abundant phase found in all la yers from the 6 nails analysed.

• In the Torre de Palma nails, magnetite is not found in the external layer s. However, in the other 
layers, the quantity detected is higher than the on e found in the Cabeça de Vaiamonte 
corresponding layers. 

• Hematite is not detected in the external layers fro m both sites. However, hematite is found in 
significant quantities in intermediate layers of Cabeça de Vaiamonte nails and not in the 
corresponding Torre de Palma ones.

• The differences observed for hematite and magnetite  may be related to different corrosion 
processes of the iron artefacts but these conclusio ns need further confirmation by increasing 
the number of objects studied.

• Overall, the Cabeça de Vaiamonte nails contain higher quantities of magnetic phases in all 
layers than the Torre de Palma ones, which can be related to the older age of the CV artefacts
and to the fact that paramagnetic hydroxides are th e first corrosion products to be formed, 
evolving afterwards to the magnetic phases. 

• No differences were detected by CEMS in the iron ma terial used in both settlements. 
XR-Fluorescence will be further used to analyse eac h nail’s surface and identify the presence 

of iron constitutive impurities, seeking for other differences between both archaeological sites.
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Table 2 – Mössbauer parameters from a Cabeça de Vaiamonte nail. Spectra collected at 293 K. 
 

Layer �  
(mm/s)� �  (mm/s)� �  

(mm/s)� Bhf (T)� G 
(mm/s) 

%� Phase 

0.40(2) -0.23(4) - <35>(12) 0.35 19.3 
Magnetic 

phases, mainly 
Goethite 

External 
0.37 

0.37 
- 

0.53 

0.89(2) 
- 

0.28(1) 

0.47 

28.7(3.2) 

52.0(2.8) 

Paramagnetic 
oxides +  

SPM Goethite 

0.34 -0.23 - <27>(9) 0.30 36.7 Goethite 

0.25 
0.68 

0.02 
-0.00 - 48.8 

45.8 
0.32 
0.47 

8.1(1) 
15.7(1) Magnetite 

0.31 0.01 - 49.6 0.31(1) 8.6(5) Maghemite 

0.37(B) -0.20(B) - <47>(3) 0.30 12.7 Hematite 
Intermediate 

0.37 
0.36 - 0.54 

0.92(2) - 0.30(1) 
0.46(2) 

9.1(1.0) 
9.0(1.0) 

Paramagnetic 
oxides + 

 SPM Goethite 

0.35 -0.23 - <27>(10) 0.30 32.5 Goetite 

0.27 
0.68 

-0.01 
-0.02 - 49.0 

46.0 
0.31 
0.45 

7.4(1) 
14.3(1) Magnetite 

0.30 0.04(1) - 49.8 0.40(2) 6.9(5) Maghemite 

0.37(B) -0.20(B) - <47>(3) 0.30 11.0 Hematite 

0(B) -0.00 - 33.2 0.29 14.9(1) a-Fe 

Closest to 
the 

nail surface 

0.37 
0.35 - 0.50 

0.81(2) - 0.26(1) 
0.45(2) 

4.3(2) 
8.7(1) 

Paramagnetic 
oxides +  

SPM Goethite 
 (B) – parameter blocked during fitting procedure

0.36 
0.36 - 0.51 

0.84(2) - 0.26(2) 
0.49(1) 

7.4(1.1) 
18.1(1.4) 

Paramagnetic 
oxides + 

SPM Goethite  
 (B) – parameter blocked during fitting procedure

External

layer

Intermediate

layer

Closest to 

the nail surface layer


