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Abstract

Understanding and investigation of the principles, fundamentals, and the actions during the last
century; following the emergence of the concept of “archacometry” or “archacological science”,
that have encompassed the areas of cultural heritage, has have become a must for understanding
the nature of scientific trends in archacometry. Therefore, it is important to clarify the main
definitions as the most important fundamental principles in conceptualization to create a common
language. The purpose of this study was to investigate the origins of archacometry by studying the
approaches, areas, and boundaries of the related studies, to achieve the principles and basis of this

scientific discipline. In Europe, archacometric activities have been developed over the last century,

with a focus on the topics and issues raised in the form of various interdisciplinary research
approaches, and today, much of the research in this field of cultural heritage science is being
conducted in an interdisciplinary approach, due to the variety of topics. According to a historical
study of this interdisciplinary area of science, it can be said that archacometry in the West has an
archacological origin and is related to the natural sciences. But in Iran, archacometry was officially
initiated under the domain of restoration of historical objects at the universities, began with the
establishment of laboratories dedicated for archacometrical studies in museums and research
centers, and continued recently as an independent university discipline. Today, the most important
axis of this scientific discipline includes: Characterization, Dating, Provenance, Authentication,
Identification the objects application, Reconstruction of the ancient technologies, Science of
conservation and restoration, Prospection & Remote sensing methods in archacometry,
Bioarchaeology, Geoarchaeology & Paleoclimatology, and Cyber-archacology. The results of the
investigations and studies realized in this research showed that due to the interdisciplinary nature of
archacometry in a discourse and research approach, it could not have a theoretical foundation.
Meanwhile, understanding and adhering to the principles and foundations of the methodology of
this interdisciplinary research approach in relation to the other sciences must be admitted. As if
some rules and principles, such as the ethics in archacometry, as a basic concern, have shaped the
limitations and developed the archaeological methodological approach.
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Introduction

The development and deepening of the vast area of sciences related to cultural heritage in the form
of recognition of different aspects of human life based on the cultural relics and works that
remained from the distant past to the contemporary art require the cooperation of many experts in
vatious scientific and technical fields and majors. In the recent century, mostly by using physical
science and engineering, some studies have been conducted about the cultural heritage relics,
museum artifacts, and archacological discoveries, and since 1958, such interdisciplinary studies have
been known as “Archacometry” [1]. Archaeometry, as an integrated research approach, has dealt
with the physical, chemical, and mathematical analysis of the archaeological finding and materials
using the scientific method, and although initially it was limited to the research areas such as the
dating, provenance, production methods, distribution, and the way to use the attifacts, todays, with
the advancements and developments in various sciences and access to the modern technologies, it
has been able to achieve a more significant position among other sciences, whose result is the
growing scope of research in this research approach [2, 3]. Archacometry has been established as a
new trend since 2012 based on the needs of the scientific community, especially in the field of
cultural heritage sciences. Since foundations of this imported discipline have not progressed in the
right direction since its entry, it is needed to, besides paying attention to the preparation of the
research infrastructure regarding technical and engineering sciences (equipment, tools, etc.), on the
other side of this integrated approach, make the broad dimensions of archacometry studies in the
cultural heritage and art sciences better known to the researchers and professionals, to localize it [5].
Recognition of these areas and fields regarding the integrated nature of this approach would help
more experts from physical science fields try their hand in responding to the questions related to
archaeology and cultural heritage. Therefore, regarding the lesser-known nature of this integrated
approach, the introduction of the most important research fields of archacometry is the main
objective of the current study.

Discussion
Some of the most dominant and debated topics in the field of archaeological studies, which have
also formed the related literature of the current study, are the following (Figure 1):

Dating and Dating Methods

Dating is a temporal soring of the data and an essential prologue to understanding the sequence and
stages of past events [19], which is among the main study topics in archacometry. The main
criterion of dating the measurable materials is the tangible and gradual changes due to
environmental and natural phenomena. If all the factors effective on a change are measurable and
their speed is known, absolute dating (chronometric dating) will be possible. Nevertheless, if only
the reason for these changes is known, or all the factors effective on a change speed cannot be
measured precisely, the time sequence and relative ancientness of an event can be determined only
through contrastive and comparative studies.

The Morphology and Origin

The morphological studies can be considered the use of physicochemical methods and the methods
of recognition and investigation of the morphology and structure and the physical and chemical
characteristics of the materials. In terms of antiquities, the ratio of organic and mineral
components, elements, and compounds can be studied. Nevertheless, morphology can be
considered one of the main fields of study in archaeology [27, 28|, which is highly efficient in
material origin and raw sources with appropriate statistical descriptions [0].

The origin is another important area in archaeology, related to the two words “Provenance” (the
beginning of something's existence; something's origin) and “Provenience” (the place of discovery
and the place of origin, and the archaeological context). It should be considered that a wide range
of human activities such as trade, transaction, distribution, immigration, and group migration can
be the cause of the movement of the artifacts from their place of production to the place of
discovery [32-33].
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Authenticity

Authenticity can mean original, first-hand (as opposed to counterfeit), real, true, and original (as
opposed to fictitious). On the contrary, we face unoriginal artifacts based on the intention behind
their presentation; we can face various definitions such as fake, counterfeit, imitation, duplicate,
copy, and moulage. In other words, it can be said that what is not original, whose creation is not
original and does not have at least one of the originality criteria (such as the originality of the main
material, form, originality in pattern and inscription, originality in style, historical originality, and
originality in attribution) [42]. Also, authenticity is one of the most important determiners in terms
of measures related to protecting the heritage.

Identification of the Use of the Objects and Reconstruction of the Ancient Technologies
Investigating the way of use of objects in the past and reconstructing their production technologies
are among the most important areas of archacometry [51]. It had been previously manifested in the
form of two other trends: experimental archacology and, somehow, protection and restoration of
monuments. To better clarify each topic in these two fields, some concepts have to be noted.

In archacometric studies, technology research pursues several topics. First, evaluation of the
technology itself, second, how the products are produced, and third, the information about the
materials used in an area, in addition to conditions and methods of production, processing, and
evolution of the related technology.

Science of Protection of Cultural Relics

This science includes physiochemical studies about the demolition processes and the development
of new medical methods related to the protection and restoration, which is discussed under the
archacometry discipline [6] [62, 64]. This field itself includes several main sub-disciplines, which
generally include: Study on the mechanism of degradation and erosion of various materials over
time; study of the pathology of natural and historical monuments, study of the functional
characteristics and intrinsic properties of historical materials and their relationship with restoration
materials and protection methods, study of modern methods of protection and restoration and
materials used and finally, study of interactions between modern and ancient materials, and the
results of analyses from archacological experiments [63].

Prospecting and Remote Sensing

The methods of excavation and study by modern archaeologists have made significant advances
over the traditional practice of the past. Today, with the support of prospecting methods from the
archaeologists” measures in the field of excavation, the costs have economized on the one hand,
and on the other hand, it has made the excavations more targeted and focused on the available
remains. The most important functional methods in this field of archacometry can be classified
under two main axes: remote sensing and prospecting by using geophysical methods. Remote
sensing includes a wide range of scientific methods to study ground and underground surfaces at
close and far distances, which act with outcomes such as imaging in various ways and obtaining
information from archaeological sites without practical archaeological excavations.

The geophysical prospecting discoveries are associated with aerial archeology and laser scanning
methods, effective and non-destructive methods for restoration, and understanding and following
up archaeological research [66]. This field of research is contrasting and properly implementing the
experimental geophysical method in the archacological sites, which deals with the interpretation and
modeling of underground surface structures by analyzing the physical changes of some points on
the ground. It has been developed to record the physical traits of the parts close to the ground
surface in a way that by measuring some specific points on the ground, it would be possible to
understand some of the characteristics and changes that have occurred in the physical conditions of
the underground and the differences in different places. The measurement and determination of
these differences (anomalies) in different points can be done by changing the measured values in
one place compared to its surrounding environment. Then, by special processing of the data, and
ultimately, preparation of the related maps, a mass with significant physical differences from its
surroundings can be detected below the ground surface [67-68-69).
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Bioarchaeology

Today, bioarchaeology is still used in England and other European countries to study non-human
remains, including animal, plant and in general, all biological and organic materials obtained from
ancient sites (archeology, stool analysis, etc.), however, in the United States, this term, which is
considered as an all-American evolution, is only used for human remains [76, 80-81]. As an
academic interdisciplinary research area, bioarchacology acts as a connecting bridge between
sciences such as biology, medicine, anthropology, and social sciences through studying the human
bone remains. The cornerstone of bioarchaeology is the interaction between culture and biology.
Today, these studies have stepped in the path of coherent and scientific research at the
demographic level (genetic kinship, diet, disease, lifestyle of ancient peoples, biological and cultural
evolution) [82].

Geoarchaeology and Paleontology

The term “Geoarchaeology” was first introduced in the early 1970s, and now it has a noticeable history,
connected with other disciplines such as geology, geography, environment, archaeology. It refers to
geological and archaeological approaches that provide information on past landscapes, ancient climates,
plants, and animals. In addition, geoarchacology is a fast-growing interdisciplinary major in which
archaeologists and geomorphologists try to use both sciences to solve mutually-interested problems. It
includes the use of the principles of morphology, sedimentation, isotope geochemistry, and petrology.
Among the main usages of this field of study is the restoration of the ancient time on the local and
regional scale and the ancient climate zones in different parts of the world. In paleoclimatology or the
study of previous climates, the scientists use what is known as proxy data to restore past weather
conditions. These proxy data are the physical characteristics of the environment. The paleo-
climatologists gather the proxy data from the natural recorders of climate change such as tree rings, ice
cores, fossil pollens, ocean sediments, corals, and historical data [6].

Cyber-archaeology

Cyber-archaeology is a combined and linked set complex of archaeology, computer science, engineering,
and natural sciences, and provides 21-century solutions to protect the past and preserve it for the future.
It includes measures in the form of digital reconstruction in the virtual environment [93]. In simple
terms, it is possible to summarize the sub-categories of the field of cyber archeology in 1) development
of statistical and information software related to archaeological sciences, 2) creation and construction of
databases, 3) topics related to digital documentation of historical monuments and buildings in the form
of various methods of photography and illustration [95].

Conclusion
As is known, archacometry is an interdisciplinary research area concerning the questions and problems
about cultural heritage, art, and archaeology. Different scientific and technical fields, which are in line
with their development and growth, deal with the scientific research related to the unknown ancient
subjects, all in an interconnected unity following the study of issues related to the life of ancient humans
and before. Any of these related disciplines is developing independently. It seems among the important
challenges in the development of archacometry; the archaeologists must seriously follow these:

— Investment in cultural heritage studies for archaeological research

—  Creation of discourse between archeology and archacometry

— Archacometry training courses

—  Creation and completion of the archacometry databases

—  Promotion of the archacometry publications
Scientific disciplines such as pollenology, archaeo-osteology, archaeco-zoology, archacobotany, archaeo-
metallurgy, and archaco-astronomy can be easily subdivided into several archaeological studies; and are
suggestions that the researchers can evaluate in the future. It seems like that in the continuance of this
research approach, the development of archeological ethics can be the next step in its development way.
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