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1. Introduction 

 

Iron oxides are ubiquitous in archaeological materials, 

from pigments and ceramics to corrosion layers. 

Traditionally, they have been used as simple proxies for 

color, firing temperature, or burial conditions. However, 

conventional identification via X-ray diffraction (XRD) 

or macroscopic color often oversimplifies these 

complex systems. Rather than static markers, iron 

oxides are dynamic phases that transform along thermal 

and environmental pathways—such as the conversion of 

ochre to hematite during heating or the formation of 

lepidocrocite in fluctuating burial moisture. These 

transformation pathways encode overlapping signatures 

of both technological production and post-depositional 

alteration. Standard analytical methods frequently 

struggle to resolve poorly crystalline, nanoscale, or 

structural variants like magnetite versus maghemite. 

Consequently, interpretations based solely on crystalline 

phase identification may obscure the true 

physicochemical evolution of the material. 

Mössbauer spectroscopy provides a uniquely 

powerful solution to these complexities. By probing 

atomic-scale hyperfine interactions, it differentiates iron 

oxidation states and magnetic ordering invisible to 

diffraction-based techniques. Low-temperature 

measurements, in particular, allow for the quantification 

of superparamagnetic phases, offering precise insights 

into crystallite size and redox history. This review 

proposes an integrated interpretive framework where 

iron oxides are treated as recorders of both thermal and 

environmental histories. By synthesizing case studies 

and Mössbauer parameters—such as magnetic hyperfine 

fields and quadrupole splitting—this study aims to 

reassess the significance of iron oxides and clarify how 

they collectively encode technological processes and 

burial trajectories. 

 

2. Thermal Transformations 

 

Technological signatures thermal processes are primary 

drivers of iron oxide evolution in pigments, ceramics, 

and architectural materials. These transformations are 

non-linear, dictated by the interaction of precursors, 

atmosphere, and heating duration.  

- Ochre to Hematite: Heating natural ochre (goethite 

/ferrihydrite) triggers dehydroxylation into hematite 

α-Fe₂O₃).  

This involves progressive crystallization and magnetic 

ordering. Low-temperature firing often produces poorly 

crystalline or nano-phase hematite with super-

paramagnetic characteristics, detectable primarily 

through Mössbauer spectroscopy.  

- Redox in Ceramics: Kiln environments are 

heterogeneous. Oxidizing conditions stabilize red 

hematite, while reducing atmospheres produce 

magnetite (Fe₃O₄) or maghemite (γ-Fe₂O₃). Since 

color can be deceptive blackening may result from 

carbon deposition rather than magnetite. Mössbauer 

analysis is essential to quantify Fe2+/Fe3+ ratios and 

distinguish structurally similar phases.  

- Magnetic Memory: Increased firing intensity 

correlates with higher magnetic hyperfine fields. 

This relationship offers a quantitative continuum for 

evaluating thermal treatment, moving beyond binary 

"fired/unfired" classifications. 

 

 
Fig.1 Thermal transformation pathways of iron oxide 

 

- Environmental Transformations: Post-Depositional 

Records Once buried, materials face fluctuating 

moisture, pH, and redox gradients that modify their 

mineralogical signatures.  

- Stabilization Pathways: Unstable ferrihydrite often 

transforms into goethite (α-FeOOH) or hematite 

depending on burial humidity. In corrosion systems, 

spatial zoning (magnetite at the core, 

goethite/lepidocrocite at the surface) reflects micro-

environmental oxygen gradients rather than a single 

equilibrium state. 

- Environmental Overprinting: A major challenge is 

distinguishing primary thermal signatures from 

secondary burial alterations. For instance, fine-

grained goethite in a ceramic matrix may indicate 

post-depositional hydration rather than low-

temperature firing. Failing to resolve these 

"overprints" leads to technological misinterpretation. 
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3. Mössbauer Spectroscopy as a Diagnostic Tool 

 

Mössbauer spectroscopy transcends the limitations of 

XRD and Raman by probing iron at the atomic scale.  

- Resolution of Nanophases: It identifies oxidation 

states and magnetic ordering in poorly crystalline or 

superparamagnetic phases.  

- Low-temperature measurements are particularly 

vital; they suppress thermal relaxation, allowing for 

the quantification of tiny crystallites that appear 

"invisible" or paramagnetic at room temperature. 

- Continuum Proxies: Parameters like magnetic 

hyperfine field and quadrupole splitting act as 

sensitive indicators of crystallinity and electronic 

symmetry, providing a high-resolution "fingerprint" 

of a material's transformation history. 

 

4. Proposed Integrated Interpretive Framework  

 

Instead of treating iron oxides as static markers, this 

study proposes a dual-axis model.  

- Thermal intensity Axis: Degrees of heating-induced 

crystallization and redox modification. 

- Environmental Overprint Axis: Hydration-driven 

changes and burial redox fluctuations. 

By positioning samples along these axes, researchers 

can disentangle intentional technological choices from 

centuries of environmental change. This shifts the focus 

from phase taxonomy (identifying a mineral) to 

transformation trajectories (reconstructing a process). 

 

5. Conclusion 

 

Iron oxides are dynamic physicochemical archives. 

Their true value lies in the interplay of transformation 

states recorded at the microstructural scale. Integrating 

Mössbauer spectroscopy with traditional mineralogical 

data allows archaeometry to move toward a more 

nuanced reconstruction of ancient heating technologies 

and long-term environmental exposure, acknowledging 

archaeological materials as evolving systems with 

layered histories. 
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