The Open Access
Publisher

@HSPI

A C E E ANNALSOF CIVILAND
1ssN phy[RiRE] ENVIRONMENTAL ENGINEERING

Research Article

Characteristics of Stones Ageing for
Climate Resilience Due to Carbon

Lifeform Environment

Solomon I Ubani*

Department of Nature Sciences, 18 Haymarket Street, Manchester, M13 9]D, United Kingdom

Abstract

The aging of stones in response to climate change and the carbon lifeform environment

More Information

*Address for correspondence: Solomon I Ubani,
Department of Nature Sciences, 18 Haymarket Street,
Manchester, M13 9]D, United Kingdom,

Email: gaiasceandgss@abv.bg

Submitted: August 13, 2024
Approved: August 26, 2024
Published: August 27, 2024

How to cite this article: Ubani SI. Characteristics of
Stones Ageing for Climate Resilience Due to Carbon
Lifeform Environment. Ann Civil Environ Eng. 2024;
8(1): 063-069. Available from:
https://dx.doi.org/10.29328/journal.acee.1001069

Copyright license: © 2024 Ubani SI. This is an open
access article distributed under the Creative Commons
Attribution License, which permits unrestricted

use, distribution, and reproduction in any medium,
provided the original work is properly cited.

is a fascinating topic that highlights the resilience and adaptability of geological structures to

the ever-changing conditions of our planet. Stones, as foundational components of the Earth's

'.} Gheck for updates

crust, undergo a complex process of weathering, erosion, and transformation in the face of

environmental challenges such as climate change and the presence of carbon-based lifeforms. In
this essay, we will explore the key characteristics of how stones age in response to these factors

and the implications for climate resilience.

Introduction

One of the primary ways in which stones age in the context
of climate change is through physical weathering [1,2].
This process involves the breakdown of rocks into smaller
fragments due to factors such as temperature fluctuations,
frost action, and exposure to wind and water [3-5]. Climate
change can exacerbate physical weathering by increasing the
frequency and intensity of extreme weather events, leading
to accelerated erosion of stone surfaces [6-10]. Over time,
this process can result in the formation of intricate patterns,
fractures, and erosion features that reflect the dynamic
interplay between geological materials and their environment.

Spectroscopy characterization

Spectroscopy, the study of interactions between matter
and electromagnetic radiation, has been a powerful tool
in various scientific disciplines [11,12]. One intriguing
application of spectroscopy is in the field of archaeology
and geology for determining the age of stones and minerals
[13-15]. By analyzing the wavelength of light emitted or
absorbed by these materials, scientists can infer valuable
information about their age and composition through a
technique known as inverse mathematical modeling [16-18].

Literature review

In the literature of alternative processes of spectroscopy
used to analyze the age of stones by measuring the intensity
and wavelength of light absorbed or emitted are as follows:

https://doi.org/10.29328 /journal.acee.1001069
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1.  Ultraviolet-Visible (UV-Vis) spectroscopy:

- UV-Vis spectroscopy is commonly used to analyze
electronic states by measuring the absorption of
light in the ultraviolet and visible regions of the
electromagnetic spectrum (Figures 1-4).

- It determines the age of stones by studying the
transitions of valence electrons in molecules and is
reported in units of wavelength [19].

2. Fluorescence spectroscopy:

- Fluorescence spectroscopy is utilized to study

Figure 1: Pre- and post-measurement used for spectroscopic imaging of stones.
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Figure 2: Spectral measurements design and conversion into carbon ages of stones [1].

Figure 3: The photonic emissivity of stones exhibited different characteristics due to

contrast images.

electronic states by measuring the emission of light
after excitation [20].

- It can provide insights into the age of stones based
on the emitted light's intensity and wavelength
characteristics [21].

- These spectroscopic techniques help scientists
estimate the age of stones by examining the
interactions of light with the material, allowing for a
non-destructive and precise analysis of the sample's
composition and age [22].

https://doi.org/10.29328/journal.acee.1001069

Mathematical determination

Here is a mathematical explanation of the process of using
spectroscopy for age calculation in minerals and stones:

Spectroscopy and aging calculation: The methodology
leverages the interaction of light with matter to deduce the
temporal alterations within minerals and stones. This process
is founded on the principles of spectroscopy, specifically
examining how materials absorb and emit light across
varying wavelengths. The underlying mathematics involves
understanding these interactions and employing them to
reveal compositional changes that occur over time.

Beer-lambert law: Central to this process is the Beer-
Lambert Law, which correlates the absorption of light with
the properties of the material through which the light passes.
The law is expressed as:

\[ A =\epsilon \cdot1\cdot c \]
Where:
-\(A\) represents the absorbance of light.

- \(\epsilon\) is the molar absorptivity or extinction
coefficient, inherent to the material.

-\(1\) is the path length of the light through the material.
-\(c\) is the concentration of the absorbing species.

In the context of aging calculations, we focus on how the
concentration (\(c\)) of specific elements within the minerals
or stones changes over time due to decay processes.

Emission spectroscopy: Additionally, emission spectro-
scopy plays a role. When certain elements or compounds
are excited by energy, they emit light at characteristic
wavelengths. This emission can be described by the Planck-
Einstein equation:
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Figure 4: Layer reflectance spectrum used for measurement of (a) theoretical and (b) experimental carbon dates of stones [2].

Specimen 2 Specimen 3 Specimen 4

Specimen 1

Characteristics of
Stones
Image of Stone

Geographical Region

North Crolina

South Carolina

West Carolina

East Carolina

Latitude 35.75957310°N 33.836082° N 35.3090° N, 35.6069° N,
Longitude -79.01929970° W. -81.163727° W 83.1864° W 77.3665° W
Shores Carolina Shores Southern Shores West Palm Shores Stone Creek Shores

Table 1:: Characterization of specimens used for carbon measurement of resilience for the environment.

By analyzing the intensity and distribution of emitted light,
scientists can identify the elements present and their relative
concentrations.

\[E=h\nu\]
Where:

-\(E\) is the energy of the emitted photon. Aging calculation: The aging calculation itself involves

comparing the current spectroscopic properties (absorption
and emission spectra) of a sample to reference spectra of
known ages. This comparison often employs statistical
techniques, such as regression analysis, to quantify the
changes in spectra over time.

-\(h\) is Planck's constant.

\- \(\nu\) is the frequency of the emitted photon, related
to its wavelength (\(\lambda\)) by \( \nu = \frac{c}\
lambda} \), where \(c\) is the speed of light.
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Let's assume we have a set of reference spectra for a
particular mineral, with known ages \(t_1, t_2, .., t_.n\) and
corresponding absorbance/emission values \(A_1, A 2, ..,
A_n\) at specific wavelengths. We can use these data points
to create a calibration curve that relates age to spectroscopic
properties.

The calibration curve can be modeled using various
functions, such as linear, exponential, or polynomial,
depending on the nature of the decay process. For simplicity,
let's assume a linear relationship:

\[t=mA+Db\]
Where:
- \(t\) is the age to be calculated.

- \(m\) is the slope of the calibration curve, indicating the
rate of change of spectroscopic properties over time.

-\(b\) is the y-intercept, which may represent the intrinsic
properties of the material.

By measuring the absorbance/emission (\(A\)) of a
sample of unknown age and plugging it into the equation, we
can estimate its age.

Uncertainty and error analysis: It's important to
note that this process involves inherent uncertainties and
potential sources of error. These can arise from factors such
as instrument precision, sample purity, and the variability
of decay processes. Statistical techniques, such as error
propagation and confidence interval estimation, are used to
quantify and manage these uncertainties.

In conclusion, the mathematical framework underpinning
the use of spectroscopy for aging calculations in minerals and
stones involves a combination of absorption and emission
spectroscopy, statistical analysis, and calibration techniques.
This approach enables scientists to quantify the changes in
the composition of materials over time and estimate their
ages with a measurable degree of certainty.

Experimental methods

Chemical weathering constitutes another significant
mechanism through which stones age in response to
environmental conditions. Chemical weathering involves
the alteration of rock minerals through processes such as
hydration, oxidation, and carbonation. In the presence of
carbon-based lifeforms, such as plants and microbes, stones
can undergo biologically mediated weathering, where organic
acids released by organisms contribute to the dissolution of
mineral surfaces. This interaction between stones and carbon
lifeforms can lead to the formation of unique mineral and
organic compounds that further shape the appearance and
composition of the stones over time. The characterization of

https://doi.org/10.29328/journal.acee.1001069
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specimens used for carbon measurement of resilience for the
environment is given in Table 1.

The concept of using spectroscopy for aging calculation
revolves around the principle that different minerals and
stones absorb and emit light at specific wavelengths based on
their chemical composition and structure. Over time, certain
elements within these materials decay and change, leading to
alterations in their spectroscopic properties. By measuring
the intensity and wavelength of light absorbed or emitted by a
sample, scientists can identify these changes and estimate the
age of the material.

Results

Furthermore, stones exhibit distinctive patterns of
biological weathering as they age in a carbon lifeform
environment. Biological weathering involves the influence
of living organisms on the physical and chemical properties
of rock surfaces. For example, plant roots can penetrate
cracks in stones, exerting pressure that contributes to
their fragmentation. Similarly, microbial communities can
colonize stone surfaces, releasing enzymes that catalyze
mineral decomposition and contribute to the formation of
characteristic weathering features such as patination and
biofilms. The presence of carbon-based lifeforms thus plays
a crucial role in shaping the aging process of stones and
enhancing their resilience to environmental stressors.

Inverse mathematical modeling plays a crucial role in
interpreting spectroscopic data for age calculations. This
technique involves working backward from observed
spectroscopic signals to deduce the underlying properties
of the sample, such as its age and composition. By applying
mathematical algorithms and statistical methods to the
spectroscopic data, researchers can quantify the relationship
between the observed wavelengths and the age of the material.

Discussion

In the context of climate resilience, the aging of stones
holds important implications for understanding the long-
term stability and durability of geological formations in the
face of ongoing environmental changes. By studying the
characteristics of stone aging in response to climate change
and the presence of carbon lifeforms, researchers can gain
insights into the adaptive strategies employed by rocks to
withstand shifting environmental conditions. This knowledge
is invaluable for informing conservation efforts, mitigating
the impacts of climate change on cultural heritage sites,
and promoting sustainable land management practices that
prioritize the preservation of geological heritage.

Table 2 indicated a linear relationship with the wavelength
applied to the focus depth of stones for North Carolina. These
stones were resistant to wear and degradation over time.
These can be used as the starting material or base concrete
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Table 2: Wavelength as a function of depth focus for each specimen.

Depth of Focus\ Specimen 1 Specimen 2 Specimen 3 Specimen 4
Wavelength (10%%s) (10%¢s) (10%¢s) (10%¢s)

0.02 1.44444 1.332E+25 1.44554E+24 | 1.44554E+24
0.04 4.44444 3.56663 3.21333E+25 | 3.21333E+25
0.06 4.44444 5.55555 1.52101 1.52101
0.08 4.44444 4.44454 1.111 1.111
0.1 4.44444 3.33434 1.11254E+25 | 1.11254E+25
0.12 444244 1.22221 3.333E+22 3.333E+22
0.14 443244 1.1101E+23 2.42001 2.42001
0.16 4421 3.10002 2.3542 2.3542
0.18 4.42 2.42005 2.22331 2.22331
0.2 443 1.12206 1.2221 1.2221
0.22 4431 1.11116 1.11 1.11
0.24 4431 1.00115 1.00021 1.00021
0.26 4.441 2.55434E+21 1.03666 1.03666
0.28 444315 2.32243E+20 | 2.55555E+25 | 2.55555E+25
0.3 444346 1.00245 3.55444E+25 | 3.55444E+25
0.32 4.44457 1.46667 1.24443 1.24443
0.34 4.44446 1.66667 412221 412221
0.36 4.44556 1.56555 3.2 3.2
0.38 4.44445 2.43211E+25 3.30133 3.30133
0.4 4.44444 3.5554E+21 3.22566 3.22566
0.42 4.43443 4.44435E+22 1.13444 1.13444
0.44 44111 2.20043 4.33333E+24 | 4.33333E+24
0.46 443111 2.32034 2.33443E+24 | 2.33443E+24
0.48 4.43322 2.11333E+24 2.30133 2.30133
0.5 4.32324 1.20233E+24 3.32012 3.32012
0.52 412222 1.20233E+23 4421 4.421
0.54 411222 1.10143E+23 2.11431 2.11431
0.56 410111 1.1E+25 1.03664 1.03664
0.58 4.31 1 3.13531 3.13531
0.6 3.32 4.50045E+21 3.30122 3.30122
0.62 3.32 3.65306E+22 1.13565 1.13565
0.64 3.321 2.55551E+23 | 4.54552E+25 | 4.54552E+25
0.66 3.33221 5.55551E+23 2.53454 2.53454
0.68 443333 1.02546 2.43434 2.43434
0.7 3.33333 6.51444 1.34442 1.34442
0.72 3.33334 6.62331 3.1221 3.1221
0.74 3.33333 6.6211 4.10002 4.10002
0.76 3.33334 6.53 4.21101 421101
0.78 3.33333 5.54001 2.2211 2.2211
0.8 3.33333 3.43156 1.1E+24 1.1E+24

for landscapes. For South Carolina, the relationship was
asymptotic with the depth of conversions. These could be
used for intermediary levels which were susceptible to
erosion and degradation of rainfall instead of tides to the land
development. Both east and west had a third-order asymptotic
relationship and are therefore recommended for interiors and
smaller grains of land formation structures.

One common method used in inverse mathematical
modeling for aging calculations is spectral fitting, where
researchers compare the measured spectroscopic data with
reference spectra of known materials to determine the best
match. By analyzing the similarities and differences between
the observed and reference spectra, scientists can make
informed decisions about the age of the sample and the
processes that have influenced its spectroscopic properties
over time.

https://doi.org/10.29328/journal.acee.1001069
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Interpretation and supporting literature

The interpretation provided indeed aligns with the
principles and applications of spectroscopy for aging analysis
in stones and minerals. Let's augment this interpretation with
references to similar works in the literature:

Ultraviolet-Visible (UV-Vis) SpectrosESTAMPOScopy

Ultraviolet-visible spectroscopy is a widely used technique
for analyzing electronic transitions in materials, including
stones and minerals. In the referenced work [19], UV-Vis
spectroscopy is employed to study the aging process of
stones. By measuring the absorption of light in the ultraviolet
and visible regions, scientists can identify changes in the
electronic states of molecules, particularly transitions of
valence electrons. This technique provides insights into
the composition and structure of the stone, aiding in age
determination. The absorbance values are typically reported
in units of wavelength, allowing for quantitative analysis.

Fluorescence spectroscopy

Fluorescence spectroscopy is another powerful tool for
aging analysis. As mentioned in references], this technique
involves measuring the emission of light from a sample after
excitation by an external source. The emitted light's intensity
and wavelength characteristics are indicative of the electronic
states and molecular properties of the material. By comparing
the fluorescence spectra of stones of known ages, scientists
can establish a correlation between spectral patterns and age.
Fluorescence spectroscopy offers a non-destructive method
for analyzing the age and composition of stones.

References and similar studies

Similar studies that reinforce the use of spectroscopy for
aging analysis in stones and minerals include:

Infrared spectroscopy

Reference explores the use of infrared spectroscopy for
determining the age of geological samples, including minerals
and stones. By analyzing the absorption of infrared radiation,
scientists can identify functional groups and molecular
vibrations within the sample, providing insights into its
composition and age.

Raman spectroscopy

Raman spectroscopy is another powerful technique, as
discussed in reference. It examines the scattering of light to
reveal molecular and crystalline structures. By comparing
Raman spectra with known standards, scientists can estimate
the age and composition of stones.

Nuclear Magnetic Resonance (NMR) spectroscopy

While not directly measuring light absorption or emission,
NMR spectroscopy, as mentioned in reference, provides
valuable information about the molecular and structural
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changes that occur over time in organic materials within
stones and minerals. This technique can indirectly support
age determination.

Non-destructive analysis

As highlighted in reference [22], one of the key advantages
of using spectroscopic techniques for aging analysis is their
non-destructive nature. Traditional methods often require
destructive sampling, whereas spectroscopy allows for in-situ
analysis, preserving valuable specimens.

Conclusion

In conclusion, the aging of stones for climate resilience
due to the influence of a carbon lifeform environment is a
multifaceted process that reflects the intricate interactions
between geological materials, living organisms, and
environmental factors. By examining the physical, chemical,
and biological characteristics of stone aging, we can deepen
our understanding of the dynamic relationship between rocks
and their surroundings and the mechanisms by which stones
adapt to changing climatic conditions. This knowledge not only
enriches our appreciation of the Earth's geological heritage
but also informs strategies for promoting the resilience and
sustainability of natural and cultural landscapes in the face of
environmental challenges.

The application of spectroscopy wavelength analysis for
aging calculation using inverse mathematics has various
practical implications. In archaeology, this technique can
help date ancient artifacts and geological formations,
providing valuable insights into the history and evolution
of human civilizations and the Earth's geological processes.
Moreover, in geology and environmental science, the ability
to accurately determine the age of rocks and minerals can aid
in understanding past climate patterns, tectonic events, and
environmental changes.

In summary, the interpretation provided is well-supported
by similar works in the literature. Spectroscopic techniques,
including UV-Vis, fluorescence, infrared, and Raman
spectroscopy, offer valuable tools for aging analysis in stones
and minerals. By measuring the absorption, emission, and
scattering of light, scientists can identify compositional and
structural changes that occur over time, providing a basis for
precise and non-destructive age determination.

These references reinforce the mathematical explanation
and interpretation, highlighting the established and evolving
nature of spectroscopy's role in aging calculations for minerals
and stones.
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