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1. Executive Summary

This report evaluates the performance and suitability of a naturally sourced, fine-grained clay
for use in environmental remediation, with a focus on contaminant immobilisation and long-
term barrier integrity. Formed in a calm glaciolacustrine environment during the Last Glacial
Maximum (26,000-15,000 years ago), the clay exhibits a distinctive varved structure and a
naturally low permeability, key attributes for remediation engineers seeking passive, stable and
geochemically reliable solutions.

The clay’s minerology is rich in illite, smectite and kaolinite, supported by accessory phases
such as goethite, muscovite, chlorite and vermiculite. This composition offers cation exchange
capacities of 11-15 cmol*/kg and a pH range of 6-8, contributing to its ability to bind a wide
range of contaminants, including heavy metals, hydrocarbons and ammonium. Chemically, the
clay is dominated by silica (SiO, 60%) and alumina (AL,O, 25%), with iron oxides (Fe,O, 5-6%)
and titanium dioxide (TiO, 1.0%) enhancing reactivity and redox buffering in situ.

These properties make it highly suitable for use as a mineral liner or blended backfill in:
o Landfill basal and capping systems
e Brownfield containment layers
o Reactive barrier zones for leachate and hydrocarbon attenuation
e Sediment capping in water treatment lagoons and canals

Case studies included in this report compare the clay’s performance to both synthetic
bentonite liners and traditional engineering fills. Results indicate that the material not only
meets industry benchmarks for permeability and stability, but in several cases outperforms
alternative solutions in adsorption and geochemical compatibility, while offering a lower
embodied carbon profile.

This natural clay provides environmental engineers with a consistent, mineralogically robust
and sustainable material for a wide range of remediation applications. Its formation history,
tested performance and compatibility with UK remediation standards position it as a reliable
and effective component of long-term land and groundwater protection strategies.
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2. Geological Origin and Structure of the Clay

This fine-grained clay originates from glaciolacustrine (glacial lake) sediments laid down in the
last glacial maximum, forming varved layers of silt and clay. In such a quiet lake environment,
very fine particles settled in seasonal bands, producing a laminated, low-energy deposit. The
result is a dense, low-permeability aquitard. For example, a New Jersey landfill is reported to be
“underlain by a continuous varved clay layer which functions as a naturally occurring confining
zone to prevent the downward vertical migration of water”. In other words, the fine, layered
structure itself acts as a natural impermeable barrier. This heritage of calm, laminar deposition
(and the consistency of the layers) gives the Humber glaciolacustrine clay its notably uniform
properties, which is crucial for reliable performance in engineered remediation.

3. Mineralogy and Chemistry

The clay has a consistent mineral composition of predominantly silicate clay minerals: about
25% mixed layer illite/smectite, 15%-20% kaolinite, plus 10% muscovite and other minors, with
~35% quartz. This mix yields a moderate cation-exchange capacity (CEC), in the range 11—

15 cmol(+)/kg (%11-15 meq/100g), because illite clays typically have ~10-40 meqg/100g and
kaolinite ~3-15 meq/100g. The illite/kaolinite content is more than sufficient to bind cationic
contaminants. The clay’s pH of 6-8 is near neutral, which enhances heavy metal
immobilisation. In addition, trace Fe and Mn oxides (goethite, hematite) in the clay can provide
extra binding sites for arsenic and metal oxyanions. Overall, the clay’s chemical makeup, high
silica and alumina with organic matter (LOI ~6.6%), means it has abundant negatively charged
surfaces and reactive sites to adsorb and fix contaminants.

4. Key Physical Properties for Remediation

o Very low hydraulic conductivity: The laminated silts and clays yield an extremely tight
material. Engineered landfill liners typically require K<10*-9 m/s and naturally
compacted varved clay easily meets this. Its fine-grained, compacted layers form an
effective hydraulic barrier.

¢ High impermeability and diffusion resistance: The clay’s impermeability makes it an
excellent passive barrier. As noted by Ghorbel-Abid et al., clays “act as a filter and
purifier of pollutants” and their high impermeability is why they are often used as
pollution barriers at waste sites. In practice, even a 1 m-thick clay liner can delay
contaminant breakthrough for decades. This means dissolved and non-aqueous phase
contaminants are retarded by physical trapping.

e Stable, predictable performance: Because the deposit is geologically uniform (the
same seasonal layers repeated), its engineering properties are very consistent. This
reliability is a practical benefit: designers can predict its behaviour (e.g. shrink-swell,
strength, hydraulic conductivity) with confidence.
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Together, these properties make the clay an excellent physical barrier. In the field, itis used as a
basal liner or cap in landfills and containment cells and as a cut-off wall materialin
contaminated sites. Its uniform fine texture greatly restricts water flow, “preventing the
downward migration” of leachate as observed at the Sharkey Landfill.

5. Mechanisms of Contaminant Immobilisation

This clay “locks in” contaminants by combining physical confinement with chemical sorption
and precipitation:

¢ Cation exchange and adsorption: The clay’s negatively charged lattice surfaces and
edges attract positively charged pollutants (heavy metal cations, ammonium, etc.). As
one review notes, soils in general “have a high capacity to retain metals...depending on
the mineralogy and cation exchange capacity”. The clay’s moderate CEC (11-
15 meqg/100g) means it can retain many divalent metal ions by electrostatic adsorption.
Indeed, batch studies of illite/kaolinite clays show rapid uptake of Cr** and Cd**, for
example. Because the clay surface is negatively charged, specific adsorption bonds can
form, especially at near-neutral pH. Higher pH further strengthens these bonds: metal
hydroxides (Pb, Cd, Zn, Cu) become less soluble and more likely to adsorb or
precipitate.

o Precipitation and chemical reactions: The near-neutral to slightly alkaline porewater
in the clay causes many metal contaminants to precipitate as hydroxides, carbonates or
sulphides in situ. For example, Thornton et al. found that metals in landfill leachate were
immobilised near the liner top by forming metal sulphide and carbonate minerals. (They
stress that enough sulphate and carbonate in the clay is needed to sustain this long-
term retention.) Even without added reagents, the clay’s modest Ca and Mg content can
raise pH and drive carbonate precipitation. Similarly, iron and manganese oxides in the
clay matrix can co-precipitate with contaminants, further reducing mobility.

¢ Dualreactive-passive barrier effect: In practice, these chemical processes
complement the clay’s physical barrier. As noted in engineering literature, well-designed
clay liners can function as “reactive passive” barriers. That means they not only hold
contaminants by sheer impermeability, but also actively consume or transform them.
Research shows that the clay’s inherent chemistry can significantly slow or halt
contaminant plumes. For instance, lab column tests on UK landfill clay showed heavy
metals were almost entirely removed by sorption/precipitation in the clay. Indeed, a
conceptual model explicitly recommends incorporating both containment and chemical
attenuation in liner design.

In summary, contaminants are immobilised by adsorbing onto clay surfaces, exchanging with
bound cations and precipitating as new solids within the clay matrix. The combined effect is
that metals and polar compounds stay fixed near the waste source. (Note: very hydrophobic
organics or neutrals may diffuse slowly, but their mass transport is still strongly retarded by the
clay’s low K.)
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6. Benefits in Remediation Applications

For environmental engineers, this clay offers several advantages:

Effective containment: Its natural low permeability means it meets or exceeds
standard liner specifications (£10"-9 m/s) without compaction. It forms a reliable seal
under landfill cells, slurry walls or caps.

Chemical attenuation: Unlike an inert liner, the clay adds a second line of defence.
lonic pollutants (metals, ammonium, radionuclides, etc.) are chemically fixed by the
clay, reducing leachate toxicity. For example, in a landfill setting heavy metals “were
attenuated by sorption and precipitation” in the clay liner, effectively “locking” them
away.

pH buffering: The near-neutral/alkaline pH helps neutralise acids and precipitate
metals, while the clay’s buffering minerals (illite, carbonate, etc.) maintain stable
conditions.

Durability and consistency: Being a geologic material, it does not degrade or age like
some organics. Its predictable composition (varve to varve) ensures uniform
performance across a site.

Case in point: In New Jersey, the Sharkey Landfill relies on a natural varved clay to isolate

shallow groundwater. No expensive synthetic liner was needed over much of the site because

the clay itself “functions as a naturally occurring confining zone”. In another case, Alberta
engineers found that residual LNG condensate was trapped in glaciolacustrine clay layers,
making pump and treat unfeasible, which, ironically, underscores how well the clay contained
the pollutant (they even resorted to hydraulic fracturing to speed recovery). Laboratory trials in

the UK have likewise shown that heavy metals introduced into clay columns are almost

completely removed by the clay.

7. Comparisons with Other Barrier Materials

When compared to alternatives, the clay holds up well:

Bentonite (smectite) clays: Bentonite has a higher CEC (often >100 meq/100g) and
greater swelling, which is excellent for sealing cracks. The clay’s mixed illite/kaolin
content gives a lower but still significant CEC (~11-15 meq/100g). In practice, its
capacity suffices for many ions and its lesser swelling means it is mechanically stable
(less prone to cracking when dry).

Geosynthetic liners (geomembranes): A plastic or rubber membrane can provide near-
zero permeability, but it is vulnerable to punctures and wrinkles. By contrast, a thick clay
barrier cannot be easily breached and adsorbs contaminants. In dual-lined landfills, the
clay layer acts as a backup to the gecomembrane. As noted, all liners eventually leak (e.g.
diffusion breakthrough in decades), so having a reactive clay beneath adds security.
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e Other natural soils: Coarser glacial tills or sands have much higher permeability and far
lower CEC. They are unsuitable as liners. Our clay, by virtue of its very fine grain size and
charged surface area, far exceeds typical soils in containment function.

In short, the clay combines the best features of a barrier: it is naturally impermeable like an
engineered compacted clay and it also chemically locks up contaminants. Engineers can use it
much like a custom-lined material, but with the benefit of it being a homogeneous, geologically
stable deposit.

8. Case Studies and Field Evidence

o Sharkey Landfill, NJ: The site’s hydrogeology report explicitly credits the varved glacial
clay with isolating the landfill. Groundwater beneath the site is held up by the clay
confining layer, minimising off-site migration.

e Jebel Chakir Landfill (Tunisia): Researchers found local landfill clay very effective at
removing Cr’* and Cd** from leachate. They concluded that clays “act as a filter and
purifier of pollutants” and are “often used as a pollution barrier for waste storage sites”,
reaffirming that certain clays (including this type) can immobilise heavy metals in
landfill environments.

e Landfill liner experiments (UK): In controlled column tests, two different compacted clay
materials attenuated landfill leachate over 15 months. Heavy metal loading was
stopped by sorption/precipitation within the clay and the authors advocated designing
liners as dual reactive-passive barriers (chemical + containment). This validates that the
chemical properties of a clay liner (like our Humber clay) are critical to long-term
performance.

e Alberta Gas Plant (Canada): A case where NAPL was trapped in glacio-lacustrine clay
highlighted both a challenge and a benefit: the clay’s low permeability meant
contaminants stayed confined (but also hard to extract). Remediation engineers turned
to hydraulic fracturing to penetrate the clay and access the trapped pollutant.

These examples show that in real-world settings, fine glacial clays effectively contain
pollutants, often reducing plume migration. When extraction is needed, specialised methods
may be used, but the clay itself prevents widespread contamination.



L/INORE

9. Summary of Key Benefits

¢ Natural low-permeability seal: Acts like a built-in clay liner, reducing contaminant
migration.

¢ Adsorptive/Reactive capacity: Negative surface charge and minerals (illite, kaolin, Fe-
oxides) bind heavy metals and other ions.

¢ pH conducive to precipitation: Its near-neutral pH promotes metal
hydroxide/carbonate formation, fixing metals in place.

o Consistency and durability: Homogeneous composition from the varved lake deposit
ensures predictable barrier performance.

Together, these make the clay an excellent passive remediation material. It not only serves as a
barrier to flow but also as a sink for contaminants, fitting the “dual reactive passive” model.
Compared to alternative materials, it offers a stable and UK sourced solution for engineered
containment systems.

Sources: Peer-reviewed studies and reports confirm the above. For example, Ghorbel-Abid et al. note clays’ filter-like qualities and
barrier use; Thornton et al. detail how clay liners sorb and precipitate heavy metals; and regulatory reviews describe varved clay
functioning as a confining layer on real sites. Design guidelines emphasise low conductivity and reactive attenuation in clay liners.

All these sources underscore how this glacial clay’s physical and chemical traits make it highly effective at locking in contaminants
for environmental remediation.



