> LC4Paci occasIiO) 2

FOUNDED 1894

Affiliation:

1 Vietti Slurrytec Pty (Ltd), Johannesburg,
South Africa

2Independent Consultant, Pretoria, South
Africa

Correspondence to:
AJ. Vietti

Email:
avietti@vslurrytec.co.za

Dates:
Received: 30 Jan. 2026
Published: April 2026

How to cite:

Vietti, A.J., Steenkamp, N.C. 2026.
Classification of tailings by clay minerals
and pore water chemistry as a basis for safe
tailings disposal. Journal of the Southern
African Institute of Mining and Metallurgy,
vol. 126, no. 4, pp. 235-240

DOl ID:
https://doi.org/10.17159/2411-9717/900/2026

ORCiD:
AJ. Vietti
https://orcid.org/0000-0002-6229-5540

This paper is based on a presentation given at
the Tailings 2026 - Where To Now? Conference,
3-4 March 2026, Indaba Hotel, Spa and
Conference Centre, Fourways

The Journal of the Southern African Institute of Mining and Metallurgy

Classification of tailings by clay
minerals and pore water chemistry as a
basis for safe tailings disposal

by A.J. Vietti', NC. Steenkamp?

Abstract

Clay minerals are present in ores as either a primary or secondary weathering product and their
colloidal behaviour in slurries impacts on the full metallurgical process from comminution
until deposition into the tailings storage facility. Geotechnical classification of tailings has been
based on parameters such as grain size, but this does not consider the rheological and plasticity.
The use of methods such as determining the Atterberg limits is useful in initial characterisation,
but does not consider other intrinsic components of active clay and chemical porewater.
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Introduction

The ability to classify tailings into groups is an essential first step to understanding their behavioural
and engineering properties. This is critical for designing and selecting the appropriate metallurgical
process flow sheet and tailings storage facility (TSF) that is compatible to the tailing’s dewatering and
geotechnical behaviour. Tailings fundamentally consist of two-phases, namely solids and water, each
of which have intrinsic characteristics, which in combination impart certain derived engineering
properties to the slurry.

Tailings engineers have adopted a classification method originally developed for soils, that is
based on tests, which measure a combination of both intrinsic and derived properties. Metallurgical
engineers, on the other hand, currently have no accepted tailings classification method and generally
rely on tests that measure a combination of intrinsic and derived properties specific to unit processes of
interest, such as settling or filtration rate, and rheology.

The Global Industry Standard on Tailings Management (GISTM) calls for TSFs to be designed
according to a performance-based design philosophy in which the operational performance of the
TSF from design to closure is governed by instrument data driven decisions, rather than observational
decisions (Tailings, 2022).

Viewed in this light, it becomes evident that the current tailings classifying system, based mainly
on derived engineering properties of soils, is problematic for two reasons. Firstly, there is very little
understanding of the interaction between the intrinsic properties of the tailings (clays and water) and
secondly, how these will affect the engineering properties to reflect their ease or difficulty with respect
to dewatering and geotechnical behaviour (Figure 1).

In addition, as Kovacevic et al. (2025) have highlighted, soils and tailings are not similar. Soils are
defined as unconsolidated particulate geological matter formed by physical, chemical, and biological
weathering of rock, while tailings are defined as crushed rock produced by mineral processing
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Figure 1—TSF performance-based design philosophy reliant on an understanding of clay/water interaction
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Figure 2—Origin of soils and tailings (after Kovacevic et al., 2025)

methods resulting after the recoverable metals and minerals

have been extracted. Although soils and tailings share a common
origin, the nature and duration of the disintegration process varies
considerably and therefore, their engineering properties may not be
directly comparable (Figure 2).

This paper attempts to provide an alternative view on tailings
classification based on the intrinsic properties of the two-phase
system. It further attempts to emphasise the importance of the
interaction between the clay component and pore water chemistry
in defining the engineering properties of the tailings.

Geotechnical test methods

Before discussing classification systems, it is worth considering the
currently accepted geotechnical test methods used to measure both
intrinsic and derived engineering properties — and to note that pore
water chemistry is completely neglected.

In situ tests

In situ tailings properties are typically determined based upon

field surveys: seismic cone penetration testing with pore pressure
measurements (SCPTu), standard penetration testing (SPT), field
shear vane tests, and beach slope measurements. The parameters
used to characterise the tailing include a combination of intrinsic
and derived engineering parameters, including void ratio, relative
density, dilatancy index, and gamma ray absorption from downhole
logging, but to name a few.

The most common approach to characterise TSF in situ, is to
use the piezocone penetration tests (CPTu), where the in situ state
parameter () is inferred, amongst others. The CPTu is capable of
providing an accurate profile through the deposited material. The
profile will also vary based on the location within the TSE, and
depending on the method of depositing the tailings. It is possible to
collect samples as part of the CPTu test by piston sampler, Monster
Steek Apparaat (MOSTAP), or similar. The sampler is pushed to the
test depth and then opened to recover the soil in the target zone.
Sampling does not need to be at every CPTu sounding, but once the
characteristic soils have been identified, sufficient samples need to
be recovered to characterise the variability of parameters, such as
grain size.

Laboratory tests

Laboratory tests include foundation index (including plasticity),
shear strength, permeability and consolidation tests. An overview
of the most common tests for a filtering geotechnical application is
summarised in Table 1.

Current tailings classification systems

Soil types have traditionally been classified based on a combination
of intrinsic and derived engineering properties, for instance, the
Unified Soil Classification System (USCS) classifies soils based

on their intrinsic particle size and derived plastic (rheological)
properties using Atterberg limits as measured parameters (Figure
3). The Atterberg limits define the plastic behaviour of fine-grained
soils by three key parameters:

» Liquid limit (LL): the water content at which soil transitions
from liquid to solid-like state. The LL is understood as the
water content at which the undrained shear strength (or yield
strength) is in the order of 1.7 kPa (Sharma, Bora, 2003).

» Plastic limit (PL): the water content at which the soil changes
from a ductile to a brittle state. The PL is understood as the
water content at which the undrained shear strength (or yield
strength) is about 170 kPa (Sharma, Bora, 2003).

» The plasticity index (PI) is the moisture content difference
between the LL and PL. High PI is indicative of a high clay
mineral content while a low PI is indicative of a high silt content.

design, typically at the plastic
limit (PL) of the material and
below the liquid limit (LL).

content relevant to geotechnical | Cup for low plasticity materials).

Table 1

Overview of filtered tailings tests and properties (after Meneses et. al., 2024)

Criteria Description Recommended laboratory test Insights

Atterberg limits Determines filtration moisture Fall cone test (preferred over Casagrande | Analysis of filtration moisture content in relation

to PL and LL; assesses the influence of climate
variability.

Clay mineralogy | Identifies fine-grained

Cation exchange capacity testing; x-ray | Swelling clays can affect filtration rates due to
phyllosilicate minerals (< 2um). | diffraction analysis; QEMSCAN.

moisture absorption.

Compressibility of | Evaluates volume compressibility | Various PSDs; constant rate of strain

Key to understanding water release during

material and consolidation behaviour consolidation testing (oedometer). settling; insight into active consolidation water
under load. release.
Particle size Examines how tailings react to Hydrometer testing or laser diffraction Identifies fine particle content and its effect on

distribution filtration systems. for fines gradation cake formation; notes how water absorption and

(PSD) adsorption increase with finer particles (e.g.,

clays), affecting filterability.

Settling tests Evaluates settling rate, Standard jar tests with specified beaker | Provides analysis of settling time and density
filterability, reagent effects, dimensions; Extended duration tests specific to tailings type; includes determination
consolidation, and density of (up to five days) for various clay content | of non-segregating boundary.
tailings. Drained and undrained | levels; Tests should use process water for | Provides insight into the water balance in the
settling tests for various PSDs. an accurate representation tailings storage facility and the effect of clays and

process reagents on recovery rates.
» 236 APRIL 2026 VOLUME 126 The Journal of the Southern African Institute of Mining and Metallurgy
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This system can conveniently classify soils into plastic or
cohesive groups, with corresponding low permeability properties,
and non-plastic or non-cohesive groups, with corresponding high
permeability properties. Although the method is useful, it has
inherent flaws, since these derived properties are dependent on
interactions between intrinsic properties such as the active clay
content and the pore water, which are often not considered, and
which will affect the engineering behaviour of the soil or tailings.

Likewise, the ICOLD Bulletin 181 (ICOLD, 2021) proposes a
tailings classification method based on a combination of intrinsic

and derived tailings properties such as:
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Figure 3—Unified Soil Classification System (USCS) showing plasticity chart

1. The solids specific gravity.

2. The solids particle size distribution using the ASTM definition
of fines and sand fractions nominally at 75 um. The fines
fraction is further subdivided into silts and clay fractions at the
conventionally accepted definition for clays of -2 pm.

3. The tailings ‘activity’ defined by the relationship between the PI
and the clay size fraction.

A summary of the ICOLD tailings classification scheme is
provided in Table 2.

Although the scheme is useful for providing a descriptive
framework for classifying tailings, it does have some shortcomings.
Firstly, it assumes that tailings particle size distributions will fall into
these groups, which is not always the case (Kovacevic et al., 2025).
A more useful approach would be to define a suitable particle size
parameter (such as the percentage -20 um fraction) with which to
classify the intrinsic particle size properties of tailings into one of
the five groupings (Figure 4).

Secondly, although the scheme recognises the importance of
clays as a key parameter in determining engineering properties
such as consolidation and hydraulic behaviours, these are based
on the PI, which itself is a derived tailings property and dependent
on intrinsic properties such as the active clay content and the pore
water chemistry (Table 3).

Alternative tailings classification system

An alternative tailings classification system is proposed based on
the intrinsic properties of the solids and the water components
separately.

Tailings solids component

The fine solids component of a tailings is widely regarded as the
fraction which determines its engineering properties and is also the
fraction in which the clay minerals are concentrated. The ASTM
grain sizing classification defines the -75 pm fraction as the fines
component, while the USCS classification system defines the -2

um fraction as the clay component. From practical experience

Table 2

Summary of tailings types and geotechnical classification (ICOLD, 2021)

Tailings type Symbol | Description (compare) Example of mineral/ore

Coarse tailings CT Silty SAND, non-plastic. Salt, mineral sands, coarse coal rejects, iron ore sands.

Hard rock tailings HRT Sandy SILT, non to low plasticity. Copper, massive sulphide, nickel, gold.

Altered rock tailings ART Sandy SILT, trace of clay, low Porphyry copper with hydrothermal alteration, oxidised
plasticity, bentonitic clay content. rock, bauxite, leaching processes.

Fine tailings FT SILT, with trace to some clay, low to | Iron ore fines, bauxite (red mud), fine coal rejects, leaching
moderate plasticity. processes, metamorphosed/weathered polymetallic ores.

Ultra fine tailings UFT Silty CLAY, high plasticity, very low | Oil sands (fluid fine tailings), phosphate fines; some
density and hydraulic conductivity. | kimberlite and coal fines.

Percent Finer

§ 8 & 8 & 3 8 ¢

50

UFT

a0
Montmorillonite

30

20
Kaolinite

Plasticity Index (%)

10

Particle Size (mm)

0 10 20 30 40 50
Clay Fraction - % Passing 0.002mm

Figure 4—Typical gradation range for tailings types (left) and range of plasticity index and clay fraction (Activity) for different clay types and tailings type (right)

(after ICOLD, 2021)
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Tabel 3
Clay influence on hydraulic conductivity, settling properties, and moisture sensitivity
Clay type Plasticity A;t:i‘::? Hydraulic conductivity Settling characteristics Constructability
Rock flour Non- 0.0 Hydraulic conductivity directly | Generally good settling Moisture sensitive during
plastic related to Hazen values. properties. construction.
Kaolinite Low 0.40 | Upper end of clay hydraulic Generally good settling Sensitive to moisture content during
plasticity conductivity. properties. construction and exhibits moderate
consolidation rates.
Ilite Medium 0.90 | Intermediate hydraulic Intermediate between Intermediate between kaolinite and
plasticity Conductivity between kaolinite | kaolinite and montmorillonite.
and montmorillonite. montmorillonite.
Montmorillonite High >1.5 | Verylow permeabilities. Poor settling properties
plasticity with light weight flocs easily
disturbed by wind and wave.
Slow rate of consolidation.
using data derived from the laser diffraction sizing method, the 20 Type | Chargeonlayer [ Dioctahedral Trioctahedral S 5
pm fraction appears to be a suitable size parameter to distinguish 11 [(x~0) Kaolinite Serpentine [ § 8
‘fines’ from ‘coarse’ solids. This criterion therefore includes all solids e e b 53
defined as medium to fine silts and clays according to the USCS (x~0) Pyrophyllite Talc 5%
system (Figure 5) (x~02-06) |Smectite Smectite ST
y g . . . . montmorillonite, saponite, hectorite, -0
The second intrinsic solids parameter to consider is the clay beidellite, stevensite R e
minerals within the fines fraction. Clays are classified according to nontrontty __ -5 5
. (x~0.6-0.9) Vermiculite Vermiculite ~ 9
both crystal structure and surface layer charge (Figure 6). FErE ) | &3
Surface charge expression does not follow a linear relationship % (Glauconits 3
. . ’ (x~1.0) Micas Micas =3
when clays are suspended in water, and only certain clay types i, ohiogaipit, BHRE, &g
are able to absorb water molecules between the crystal layers and paragonite, lepidolite
. . . . phengite, celadonite >
undergo swelling and dispersion. These clays are known as swelling e =3
L X X . X (x~2.0) Brittle micas ] ‘g_
or active clays and typically belong to the smectite, vermiculite margarite, clintonite F1a
BiH iri el (x ~ variable) Chlorites Chlorites o3
and illite clay'gro.ups. Their intrinsic surface charge property can e Conseiors chamgens| | =
be measured indirectly by the methylene blue method to provide ripidolite ="
a methylene blue index (MBI) value in meq/100 g of solids {x ~ variable) e
. . . . !
(Kaminsky, 2014). The MBI value therefore provides an indirect =
measure of the intrinsic surface charge of the active clays and Figure 6—Classification scheme for clays (after Grim, 1968)

provides an indication of potential for the clay to swell or disperse
within the tailings (Figure 7).

When these two intrinsic solids’ properties are plotted together,
mineral tailings can be grouped into classes based on their fines/
silt content and their clay dispersive potential. This classification
reflects the Skempton activity chart (Mitchell, Soga, 2005), however
it is fully based on the intrinsic properties of the solids component
of the tailings and can incorporate the ICOLD tailings classification
nomenclature based on a 20 pum sizing criteria (Figure 8).

scrubbing step and should active clays be present, they will begin
to undergo hydration and ion exchange to mimic the ionic profile
of the contacting water. Consequently, the chemical properties of
the water and the resulting ion exchanged nature of the clays will
affect their dispersive behaviour within the slurry. This behaviour
will in turn have a profound effect on the engineering properties of
the tailings, from sedimentation and rheological properties in the
dewatering circuit through to the consolidation and permeability
properties at the TSF (Figure 9).
4Tailings water component In many respects, the dispersive behaviour of tailings bears a
The dispersive potential of clays within tailings is only expressed striking similarity to the characteristics of a class of agriculturally
when the clays are exposed to water and depends on the chemical problematic soils known as ‘saline/Sodic’ soils, which are classified
properties of the water (process water or pore Water). During on the intrinsic prOperties of two water ChemistrY related
processing, the dry ore is typically wetted at the milling or parameters (Richards, 1969):
1. Conductivity (in mS/cm) measures the total water-soluble salt
content, i.e., the salinity of the water.

Grain | o ke 750‘_1 Bk 2"5“2055 % s 72 2. Sodium adsorpt?on r?tio (SAR), which is. a calculated ratig of
(mm) PopE il i monovalent sodium ions to divalent calcium and magnesium
SAND Graver ions, i.e., the sodicity of the water.
USCS CLAY OR St |- R el COBBLES . . . .
Fine | Mediom Coarse | Fine ; Coarse Using these parameters, agriculturalists have devised a
SAND classification scheme to define clay dispersive behaviour and to

ISSS | cray |suaf-- ettt St GRAVEL STONES . qo = .

Fine | Coarse classify soils into four groups (Rengasamy, 2018; Fitzpatrick et al.,

- prp— 1994) (Figure 10).

USDA I [ T o e S ) 1. Saline soils - In general soils with conductivities greater than

foe i i i icoand — 2 mS/cm (using the Australian standards). The high pore

Figure 5—Grain size definitions according to various soil and agricultural water salt content tends to prevent clay particle dispersion and
standards (after Hestera et al., 2023) therefore the soil structure and permeability are maintained.
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Figure 7—Clay surface charge expression and typical MBI values for pure
clays (after Kaminsky, 2014)

2. Sodic soils - In general, soils with SAR values greater than 6
(using the Australian standards). The high pore water sodium
ion concentration allows the active clays to become sodium-
ion exchanged and highly dispersive, which destroys the soil
structure and reduces permeability.

3. Saline/sodic soils - Behave in the same manner as saline soils.

4. Normal soils - the low pore water sodium ion concentration
allows the active clays to become calcium- or magnesium-
ion exchanged and non-dispersive, which maintains the soil
structure and permeability.

Case study

The mode in which tailings engineering properties are modified
by the interaction between the active clay minerals and pore
water chemical quality is demonstrated in a case study involving
a kimberlite tailings originating from a diamond mine in Angola.
Under natural conditions, the active clays within these tailings are
known to undergo uncontrolled dispersion due to the exceptionally
good quality of the mine process water (very low conductivity) and
they remain non-settling when deposited into the TSE.

The behaviour of a naturally uncontrolled dispersive tailings
sample was compared to a similar tailings sample, which had
undergone controlled dispersion by suspending it in a process water,

I e [ =] =]
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Figure 8— Tailings solids dispersive potential classification chart

Dispersed Slurry
=t

! BYAS
Formation of lectrical Double Layer \
.

r'\
1 N,
Added
Un-controlfed a 2
Dispersion | Coagulated AF“"" H

| Slurry {\\\‘2\ <

N
N

Dispersive : f
Swelling

e )

b Co i lled

o
Dry Aggregate | Non-Dispersive |
= water |
= i

L
Increasing Clay Particle Separation

Semi-solid to Fluid state

Increasing Particle Repulsive Charge

Figure 9—Controlled and uncontrolled dispersion of clays in water (after
Rengasamy, 2018)
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which had been modified using a chemical reagent to have a higher
conductivity. In this case only a very small reagent dose (0.25 kg/1)
was required to increase in the conductivity (salinity) from 0.4 mS/
cm to 0.6 mS/cm for the clays to be altered from dispersive to non-
dispersive conditions. The test was repeated at full-scale on the mine
site and similar results were obtained, indicating that dispersion
behaviour can be controlled and is scalable from laboratory tests
(Figure 11).

This change in pore water chemical state had a significant
effect on the intrinsic properties of the solids within the tailings,
with the controlled dispersive sample having a coarser particle
size distribution, especially at the 20 um size range and a reduced
clay dispersive potential (MBI). Accordingly, the change in water
chemistry shifted the classification of the kimberlite tailings from
hard rock tailings (HRT) in the uncontrolled dispersive state to
coarse tailings (CT) in the controlled dispersive state (Figure 12).

The rheological properties of both the uncontrolled and
controlled dispersive slurry samples were measured using a
rheometer with a bob and cup fitting, and the relationship between
sheared yield stress and slurry solids concentration (%m) were
described by derived exponential equations. Using these equations
and extrapolating the data, slurry solids concentrations (%m),
which corresponded to 1.7 kPa and 170 kPa were determined
(Figure 13). These slurry mass solids concentrations were then
converted to geotechnical moisture content (%) before the Atterberg
limits (LL, PL, and PI) were determined and plotted on the Plasticity
Chart (Figure 14).

These results clearly show that the engineering properties
of a single tailings material can be considerably altered by the
interaction of the active clays and chemical state of the pore water.
In this case, a slight increase in pore water conductivity changed the
interactive state of the clays within the tailings from a high plasticity
material to a medium plasticity material. It is also recognised that
this effect may also be reversable with all of the negative-associated
strength and permeability properties.

Conclusion

The effective classification of tailings is paramount for
understanding its behaviour and ensuring safe disposal in TSF
sites. For plastic and cohesive tailings, the intrinsic properties of the
solids, particularly clay minerals, and the chemical characteristic

of the pore water significantly influence the engineering and
dewatering properties of tailings.

This proposed alternative classification scheme separates
intrinsic solids and water components, using the 20 um particle size
threshold to define fines and employing the MBI to quantify active
clay surface charge, indicating swelling and dispersive potential of
the tailings. Expression of this potential is dependent on the pore
water chemical properties, such as conductivity, SAR, and pH,
which in effect imparts the macro-textural and strength properties

Increasing ) ‘ N N "
Salinity | Saline Soil Saline-Sodic Soil

Salt stress Salf stress

2 |-==--

Conductivity Normal |Sodic Soil - HIGHLY DISPERSIVE
(mS/cm)

Figure 10—Classification scheme for defining saline sodic soils (after
Fitzpatrick et al., 1994)

VOLUME 126 APRIL2026 239 «



Classification of tailings by clay minerals and pore water chemistry as a basis for safe tailings disposal

’ (a) ClariVie44® Dose (g/L):

0 0.25 0.5 1.0 1.5

T =

TSF Return Water Conductivity (mS/cm)

1,4
Laboratory Test
12 ® Site Test(P2TS samples) i
O Site Test(P2TSF samples) -
1 P
-
08
o

Dispersive conditions

0 05 1 15
Reagent Dose (g/l)
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Figure 14—Tailings samples plasticity properties

to the tailings.

An understanding of the interactions between these
fundamental components, in especially the clay-containing tailings,
is an essential foundation for adopting a performance-based design
philosophy.
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