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Assessment of Hardcore for Pyrite Induced Heave  

 
	

Examination & Log by: D O'Shea (Senior Geologist)

Date Logged: 9.10.13

Particle Sizes Estimation (mm): Max Mean Min.

100 50 10

Particle Shape:

Angular to subrounded

Nature of Fines:

Nature of Coatings:

Dark grey/black slightly sandy CLAY/SILT

Rock Types

Note: Proportions estimated by washing the 

fragments and examining by naked eye, hand 

lens and binocular microscope.

Estimated Rock Types in Washed Fragments

Washed Fragments Sub-Sample Characteristics

Type 2:  Calcareous Mudstone/Shale 20%

Dark grey/black, clayey SAND. Sand is fine to coarse.

Image of Washed Fragments 

AGGREGATE GEOLOGICAL CLASSIFICATON SHEET ©

% Present

Project No. 17173

Project: 32 Belmayne Ave, Belmayne Sample Location:  Location 1, Lounge

Sample Ref No.:  A13/3385

 Geological Description of Sample Image of Recovered Sample

Notes: Sample reduced (riffled & quartered) in accordance with IS EN 932-2:1999.  Sample examined and classified in accordance with IS EN 14689-1:2004, 
IS EN 932-3:1997 and IS 398;2013 Part 1, Testing & Categorization Protocol.

Type 1:  Muddy Limestone 80%

Image of Riffled & Quartered Sub-Sample

Client:  M. Darby

Sheet 1 of 2

Dark grey and black, very clayey, sandy GRAVEL with a low cobble content. Sand 
is fine to coarse. Gravel is angular to subrounded fine to coarse. Cobbles are 
subangular. Hardcore consists of strong muddy limestone & medium strong 
mudstone/shale with silt / clay coatings. Gypsum crystallization present and most 
prominent on mudstone/shale fragment surfaces.  Sample is in a damp to moist 
state.
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Photos of  abundant 
Gypsum Crystals on 
Surface of Aggregate 
Fragments

Gypsum
crystals

Gypsum
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G.D Matheson, Oct. 2013
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In the photos, Gypsum 
crystals vary in size from 
<0.1mm to  0.4mm and are 
either white, colourless, 
bright reflecting or 
transparent black



1. Describe ‘as-received’ sample  

2. Remove coatings by washing 

3. Identify rock types present & reaction products / precipitation 

4. Estimate % of each type 

5. Select sample for chemical suite (TS, AS, WSS, CaCO3). Use rifle / quartering or 

judicious sample selection? 

6. Select sample for Petrology & XRD – must be judicious to evaluate the 

‘undesirable’ fraction(s) 

7. Physical testing to assess durability / soundness of aggregate 

8. Evaluate potential for pyrite induced swelling using combined results  

Geological Classification of Hardcore 

	



Analysis Logic Analysis Logic - Matrock/KeyGS technique

Homogeneous Sample Heterogeneous Sample

Sample Aggregate

Coating present?

Identify Rock Types Present

Yes

No

Remove by Washing

Select  representative fragment (s)
Select representative fragment(s)

of each main rock type

XRD*                              Thin Section*               Polished Thin Section*

Purpose: Mineral Identification
Rock Identification
Texture
Fabric

Objective:  Evaluate Potential of Rock Aggregate for Pyrite-Induced Swelling

Rock types cannot be identified if a coating covers 
the fragment.  They must be washed. 
This is the norm in  mudstone backfills

Estimate % of each rock type present
(In size ranges after sieving?)

Describe condition as received

*At least one for each main rock type present
Accuracy of results will increased  number of samples

Unique to technique

Visual, hand lens
& Binoc. Micro.

Method:

The act of washing  nullifies any previous MC determination.
MC is thus unimportant in this evaluation

Evaluate/Analyse using each of following methods

Identify Ore 
Minerals.
Pyrite - Form, size 
and  proportions

Pet. Report 

Reflected Light
Micro.

Transmitted Light 
Micro.

Mineral Identification
SQ  % of all main
Minerals
incl. Pyrite

X-Ray Diffraction
Rietveld Technique

XRD Report 

Comments

The larger fragments are likely to be a better indicator 
of the full potential the original rock type. If these show 
the characteristic indications of potential swell then the 
backfill material is suspect.  If it has been used as backfill 
then  swelling can be expected.

It is the Swelling Potential that is being evaluated i.e. the
potential  of the original rock for swelling. Not the 
Potential  remaining.

In a backfill already placed ,the smaller fragments and fines 
are likely to have been produced by degradation and 
alteration and indicate changes that have occurred. If 
degradation has started then different size ranges could 
have different mineralogy, texture and fabric. Results will 
therefore be misleading as Pyrite % will be less in the finer 
material and  the Gypsum % increased. 

Crushing the unwashed fragments to a nominal 4mm will 
include secondary minerals in/on any coating on the 
surfaces

Crushing of all the fragments will include products
(secondary minerals) of reactions already taken place 
within the fragments. 

Evaluation of  Swelling Potential

See EN 932-3

Draft - In Confidence
© MCLtd

	



Images of Hardcore Samples 
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Pyrite-Induced Swelling 
Petrographic Evaluation 

Thick Coating of Mud/Silt 

Remove Coating by Washing 

Fragment 

Fragment 

Mud Suspension 

Washed Fragments 

Hardcore Sample 

H ardcore sample 

	



Washed Fragments (>20mm) 

		



Muddy Limestone Fragment 
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Pyrite-Induced Swelling 

Minerals in Coating and on Fragment Surface 

Petrographic Evaluation 
Unwashed Fragment 

	



Microscopy Images of Fragment Surfaces 
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Muddy Limestone

Dominant Particle size: 10-60mm

Colour: Dark grey/black

Strength: Medium strong & strong

Apparent Porosity / Water Absorption: Moderate

Reaction to dilute HCL (Dry Sample): Low

YES NO

Surface Coatings YES NO

Staining YES NO

Secondary Mineral Present YES NO

Carbonate Mineralisation YES NO

Sulphate Mineralisation YES NO

Calcareous Mudstone/Shale

Dominant Particle size: 5-20mm

Colour: Dark grey/black

Strength: Medium strong

Apparent Porosity / Water Absorption: Moderate

Reaction to dilute HCL (Dry Sample): Low

YES NO

Surface Coatings YES NO

Staining YES NO

Secondary Mineral Present YES NO

Carbonate Mineralisation YES NO

Sulphate Mineralisation YES NO

Calcisiltite Limestone

Dominant Particle size: 10-70mm

Colour: Pale grey

Strength: Strong / very strong

Apparent Porosity / Water Absorption: Low

Reaction to dilute HCL (Dry Sample): Moderate

YES NO

Surface Coatings YES NO

Staining YES NO

Secondary Mineral Present YES NO

Carbonate Mineralisation YES NO

Sulphate Mineralisation YES NO

Selected Microscopy Images

AGGREGATE GEOLOGICAL CLASSIFICATON SHEET ©Project No. 17167

<1mm thick

Clay/silt

Gypsum

Fe staining

ROCK Type 3

Calcite / aragonite

Clay/silt

If YES, Laminar Spacing

Gypsum

Fig. 1: Gypsum crystallisation on surface fragments  (Mag x 60)

Presence of Laminations in hand 

specimen 

Presence of Laminations in hand 

specimen 

ROCK Type 2

ROCK Type 1

Presence of Laminations in hand 
specimen 

Fig. 2: Gypsum crystallisation(rhomb shaped & rosettes) on 

fragments  (Mag x 20)

If YES, Laminar Spacing

If YES, Laminar Spacing

Secondary Calcite

Fe staining

Sparite
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Muddy Limestone

Dominant Particle size: 10-70mm

Colour: Dark grey/black

Strength: Strong

Apparent Porosity / Water Absorption: Moderate

Reaction to dilute HCL (Dry Sample): Moderate

YES NO

Surface Coatings YES NO

Staining YES NO

Secondary Mineral Present YES NO

Carbonate Mineralisation YES NO

Sulphate Mineralisation YES NO

Calcisiltite Limestone (dolomitized)

Dominant Particle size: 10-30mm

Colour: Dark grey/black

Strength: Strong / very strong

Apparent Porosity / Water Absorption: Low

Reaction to dilute HCL (Dry Sample): Low

YES NO

Surface Coatings YES NO

Staining YES NO

Secondary Mineral Present YES NO

Carbonate Mineralisation YES NO

Sulphate Mineralisation YES NO

Calcareous Mudstone

Dominant Particle size: 10-50mm

Colour: Dark grey / black

Strength: Medium strong

Apparent Porosity / Water Absorption: Moderate

Reaction to dilute HCL (Dry Sample): Low

YES NO

Surface Coatings YES NO

Staining YES NO

Secondary Mineral Present YES NO

Carbonate Mineralisation YES NO

Sulphate Mineralisation YES NO

Selected Microscopy Images
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<1mm thick

Clay/silt

Gypsum

Clay / Silt

Sparite

Occ Fe staining

calcite / aragonite

ROCK Type 3

Clay/silt

If YES, Laminar Spacing

Gypsum

Fig. 1: Gypsum crystallisation on Mudstone/shale fragments  (Mag x 20)

Presence of Laminations in hand 
specimen 

Presence of Laminations in hand 

specimen 

ROCK Type 2

ROCK Type 1

Presence of Laminations in hand 
specimen 

Fig. 2: Gypsum crystallisation on Mudstone/shale fragments  (Mag x 

60)

If YES, Laminar Spacing

If YES, Laminar Spacing

Secondary Calcite
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Muddy Limestone

Dominant Particle size: 10-70mm

Colour: Dark grey/black

Strength: Strong

Apparent Porosity / Water Absorption: Moderate

Reaction to dilute HCL (Dry Sample): Moderate

YES NO

Surface Coatings YES NO

Staining YES NO

Secondary Mineral Present YES NO

Carbonate Mineralisation YES NO

Sulphate Mineralisation YES NO

Calcisiltite Limestone (dolomitized)

Dominant Particle size: 10-30mm

Colour: Dark grey/black

Strength: Strong / very strong

Apparent Porosity / Water Absorption: Low

Reaction to dilute HCL (Dry Sample): Low

YES NO

Surface Coatings YES NO

Staining YES NO

Secondary Mineral Present YES NO

Carbonate Mineralisation YES NO

Sulphate Mineralisation YES NO

Calcareous Mudstone

Dominant Particle size: 10-50mm

Colour: Dark grey / black

Strength: Medium strong

Apparent Porosity / Water Absorption: Moderate

Reaction to dilute HCL (Dry Sample): Low

YES NO

Surface Coatings YES NO

Staining YES NO

Secondary Mineral Present YES NO

Carbonate Mineralisation YES NO

Sulphate Mineralisation YES NO

Selected Microscopy Images
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<1mm thick

Clay/silt

Gypsum

Clay / Silt

Sparite

Occ Fe staining

calcite / aragonite

ROCK Type 3

Clay/silt

If YES, Laminar Spacing

Gypsum

Fig. 1: Gypsum crystallisation on Mudstone/shale fragments  (Mag x 20)

Presence of Laminations in hand 

specimen 

Presence of Laminations in hand 

specimen 

ROCK Type 2

ROCK Type 1

Presence of Laminations in hand 
specimen 

Fig. 2: Gypsum crystallisation on Mudstone/shale fragments  (Mag x 

60)

If YES, Laminar Spacing

If YES, Laminar Spacing

Secondary Calcite

	



Gypsum on Fragment Surface 
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Pyrite-Induced Swelling 

2mm 

Washed Fragments Retained 20mm 

Gypsum Surface Coating 

Petrographic Evaluation 
	



Fractures filled with gypsum 
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Pyrite-Induced Swelling 

0.2mm Grid 0.05mm Grid 

0.05mm Grid 0.05mm Grid 

All Mudstones Fractures with Gypsum 

Petrographic Evaluation Transmitted Light 
Thin Sections 

(XP) 

Fra cturing  +  G yps um 

Orig. Viewing  Magnification 
0.2mm 63x ;  0.05mm 200x  

	



Polished Thin Sections 
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Pyrite-Induced Swelling 

Pyrite Crystals, Framboids and Fe Oxide (Hematite? and Ilmenite?) 

Petrographic Evaluation 
Polished Thin Sections 

Reflected Light 

0.02mm Grid 0.02mm Grid 

0.05mm Grid 0.02mm Grid 

Orig. Viewing  Magnification 
0.05mm 220x ;  0.02mm 880x  

	



Scanned Electron (SE) Image 
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Pyrite-Induced Swelling 

Calcite 

Calcite 

Framboidal and Cubic Pyrite within a matrix of Calcite Crystals. 

Scanned Electron (SE) Image 

Polished Section 

SEM Image 	



SEM Image & Spot Elemental Composition 

MCLtd 

© 

Pyrite-Induced Swelling 

Elements Present 
within "Spot"  

Minerals present 

Gypsum 

Location of "Spot" Electron Beam 

Calcite/Quartz 

BSE image and "Spot" Elemental composition 
SEM Image 

Rock Chip 
 - surface along bedding 

Rosettes and individual crystals of Gypsum 

Ros ettes  

	



Forceful growth of gypsum vein 
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Pyrite-Induced Swelling 

 

Location of "Spot" Electron Beam 

Location of "Box" Electron Beam 

Elements 
Present 
within 
"Spot"  

Clay 
(Quartz 
+Pyrite) 

Minerals 
present:- 

Elements 
Present 
within 
"Spot"  

Gypsum 
Clay 
Quartz 
 

Minerals 
present:- 

Elements 
Present 
within 
"Box"  

Quartz 
Clay 

Minerals 
present:- 

Elements 
Present 
within 
"Spot"  

Gypsum 

Minerals 
present:- 

Gypsum 
Vein 

Rock Matrix 

Rock Matrix 

Rock Chip 
 - surface across bedding 

SE image and "Spot" Elemental composition SEM Image 

G y ps um Veins  

	


