Sedimentary methods encompassment:

Sediment formation, transport, deposition, and analysis in various environments (geology,
chemistry, environmental science).

Key methods and techniques ranging from field sampling to laboratory analysis and
numerical modelling.

Formation and Classification Methods
Sediments are produced through the weathering and erosion of pre-existing rocks and are
classified based on their origin.

Clastic sedimentation: Involves the physical accumulation of rock and mineral
fragments transported by water, wind, or ice. Methods for studying clastic sediments
often involve granulometric (grain size) characterization and statistical simulation of
dynamics.

Chemical sedimentation: Occurs when dissolved materials precipitate from water,
forming mineral deposits like rock salt.

Biochemical/Organic sedimentation: Involves living organisms extracting ions from
water to create shells/bones (biochemical) or the accumulation of plant matter
(organic, e.g., coal).

Field Sampling and Data Collection:

Field methods focus on collecting physical samples and data about the environment.

Sediment traps: Devices deployed in lakes or oceans to collect settling particles over
time, allowing for the quantification of sedimentation rates.

Coring: The process of collecting vertical columns of sediment from (borehole or the
seafloor or lakebeds to analyse them (strata... layers ).

Geophysics/Bathymetry: Using techniques like high-resolution seafloor mapping to
determine sediment thickness, identify instabilities, and assess the dynamics of large
areas.

Current meters: Instruments (device) used in near-bed studies to measure water
current speeds and understand the relationship between flow dynamics and suspended
sediment concentrations.

Laboratory Analysis and Analytical Methods

Once collected, samples are brought to the lab for detailed analysis.

Particle-size analysis: Involves methods like sieving, pipetting, and the use of the
visual accumulation (VA) tube to determine the grain size distribution of the sediment.
Geochemistry: Analysing the chemical composition of sediments to identify mineral
resources, pollutants, or understand the historic environment(AAS XRD SEM)

Instrumental Analysis

Inductively Coupled Plasma (ICP) techniques:



Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES) is a powerful
analytical technique that uses an extremely hot argon plasma to excite atoms in a liquid
sample, causing them to emit light at specific wavelengths; by measuring the intensity and
wavelength of this light, analysts can identify and quantify the elements present, making it
ideal for elemental analysis of water, soil, food, and more, even at trace levels.

o ICP-OES (Optical Emission Spectrometry): Used for analyzing major and
abundant trace elements in solution.

o ICP-MS (Mass Spectrometry): A highly sensitive technique for trace and
ultra-trace elements and isotope ratio determination. Laser ablation (LA-ICP-
MS) allows for direct solid sampling and in-situ analysis.
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o X-ray Fluorescence (XRF) Spectrometry: A non-destructive technique that
measures the elemental composition of solid or pressed powder samples based on their
characteristic X-ray emissions.

e Atomic Absorption Spectrometry (AAS): Used for quantitative determination of
specific elements,

e Mass Spectrometry (MS): Includes various techniques like ICP-MS, thermal
ionization mass spectrometry (TIMS), and secondary ion mass spectrometry (SIMS)
for precise isotope analysis (e.g., U-Pb dating, stable isotopes like

e Tracer studies: Using natural or anthropogenic tracers (e.g., radionuclides) to
guantify and track sedimentation rates in floodplains and other environments.

Trace elements are vital tools in geosciences,

Serving as sensitive indicators for a wide array of processes due to their low concentrations
(typically parts per million or billion) and variable behaviour during geological events. They
provide crucial insights into Earth's history, from the deep mantle to surface
environments.

Key Applications of Trace Elements in Geosciences

o Petrology (Igneous and Metamorphic Rocks): Trace elements are used as
"fingerprints" to understand the origin and evolution of magmas and the conditions of
metamorphism.

o Magma Source and Evolution: Ratios of incompatible elements/Compatible
elements (which prefer the melt phase, e.g., Nb/Ta) and compatible elements
(which prefer solid minerals, e.g., Ni Nickel , Cr Chrome) help determine the
source depth of a magma, the degree of partial melting, and the extent of
fractional crystallization.

o Geothermometry: The way certain trace elements partition between
coexisting minerals can reveal the temperature and pressure conditions during
rock formation.

o Rare Earth Elements (REESs): REE patterns are particularly useful; for
example, a Europium (Eu) anomaly can indicate the fractionation or
accumulation of plagioclase feldspar.

« Economic Geology (Mineral Exploration): Trace element analysis helps in the
search for and assessment of mineral deposits.



o Pathfinder Elements: Certain trace elements act as "pathfinders™ in soil or
stream sediment surveys, indicating proximity to valuable ore deposits (e.qg.,
Cu, Pb, Zn, Au, Ag).

o Ore Genesis: Analyzing the trace element content of minerals helps determine
the processes (e.g., hydrothermal alteration) that formed the ore deposit.

« Environmental Science and Biogeochemistry: Trace elements are crucial for
monitoring environmental health and human impact.

o Contamination Assessment: Geochemists track anthropogenic contamination
(e.g., from mining, industrial waste, or agriculture) by identifying enriched
levels of toxic trace metals (Hg, Pb, As, Cd) in soils, water, and biological
tissues.

o Biogeochemical Cycling: Elements like Iron (Fe), Copper (Cu), and Zinc (Zn)
are essential micronutrients that cycle through ecosystems; their distribution
helps scientists understand ocean productivity and nutrient limitations.

e Geochronology and Paleoceanography: Trace elements are used for dating rocks
and reconstructing past climate and ocean conditions.

o Dating: The radioactive decay of specific trace isotopes (e.g., U-Pb in zircon)
provides absolute ages for geological events.

o Paleoproxies: Trace element ratios in marine sediments or fossils can serve as
proxies for past conditions (e.g., Mg/Ca ratios in foraminifera shells indicate
past ocean temperatures).

Analytical Methods

The study of trace elements relies on powerful analytical techniques that can detect minute
concentrations:

e Inductively Coupled Plasma-Mass Spectrometry (ICP-MS): The most common
and sensitive method for multi-element analysis, capable of detection at parts-per-
trillion levels.

e Laser Ablation ICP-MS (LA-ICP-MS): Allows for in-situ, micro-scale analysis of
solid samples directly from a mineral surface.

o X-ray Fluorescence (XRF) Spectrometry: A non-destructive method often used in
the field for rapid screening of solid samples

Modeling and Interpretation
Data is used to create models that simulate and predict sediment dynamics.

« Numerical simulations: Used to model cohesive sediment dynamics in marine
environments and understand transport patterns.



