
Investigating the Hydrostratigraphy of Fine-grained Sediments Between a Limestone Aquifer Experiencing 
Depressurization and an Overlying Peatland. 

Victor Mine Overview 
The DeBeer’s Victor mine is Ontario’s first 

diamond mine. It is located within the James 

Bay Lowlands approximately 90 km west of the 

Town of Attawapiskat.  The Victor Mine is an 

open-pit mine and ore is extracted from one of 

16 diamondiferous kimberlite pipes discovered 

on the property. Construction of Victor Mine 

began in 2006 and full operation was reached in 

2008. The open pit is expected to reach 

approximately 200 metres below original ground 

surface. 

Site Description 
The James Bay Lowlands are an extensive peatland, called mushkego by First Nations.  The surface water table is generally at or very near surface. The peatlands are underlain by glacial deposits 

including the Tyrell Sea sediments, below which is a limestone aquifer with pre-development static water levels at or slightly above the upper surface of the limestone. 

Historically the study of the sediments in this region have been limited to exposures along large rivers which incise to bedrock. Remoteness, 2-3 meter thick muskeg, and lack of access have 

constrained development and limited understanding of the natural systems of the region prior to the development of the Victor Mine project. 

Airborne Electromagnetic (EM) surveys combined with initial drilling indicate that the sediment thickness ranges from about 10 m to 60 m  The spatial variation of thickness is influenced by 

outcropping and sub-cropping bioherms (ancient coral reefs) originating at the bedrock aquifer and extending upwards towards surface.  Out-cropping and near surface sub-cropping bioherms are 

visible at surface as circular areas of slightly higher elevation where the trees are thicker and taller. The potential for bioherms to display karstic properties, that is be areas of high flow, and connect 

surface systems and the bedrock aquifer has been acknowledged but not investigated in detail. 

Research Project 
This research is one component of a multi-

disciplinary research project investigating the 

impacts of pit de-watering on the surrounding 

peatlands. The overall project is a collaborative 

effort between researchers at the University of 

Western Ontario, Waterloo University, and 

Queen’s University. 

 

It is hypothesized that the extensive pumping of 

the limestone aquifer needed to ensure the 

stability of the open pit could cause or 

accelerate downward flow from the peatlands 

via the sediments. The purpose of the research 

reported here is to investigate the 

hydrostratigraphy of fine-grained sediments 

between the limestone aquifer and the surface 

peatlands and to predict their behaviour. 

Predevelopment hydrogeology and 

geotechnical investigations indicate that the 

sediments immediately below the peatlands are 

fine-grained.  The changes in properties of 

these sediments undergoing dewatering may 

influence the degree and extent of dewatering 

impacts on the surrounding landscape and thus 

are critical to assessing the environmental 

impact of the mine. The fine grained materials 

are of greatest interest as they are the most 

significant hydraulic barrier between the 

sensitive peatland water systems and the 

bedrock aquifer.  Additionally the potential for 

consolidation due to dewatering is most 

significant with clay soils.  There are five main 

components which have been identified to be 

better defined; the sediments hydraulic 

properties, their behaviour under consolidation, 

spatial and property variability, mineralogy, the 

character of the sediment interface at out 

cropping bioherms. 

Hydraulic Properties: the 

hydraulic properties of the fine 

grained soils control the seal 

between the bedrock aquifer 

which is being depressurized 

and the peatlands. The 

effectiveness of the seal and 

the way in which water moves 

through and along this seal 

influences the aerial and 

vertical extent of the drawdown 

area. 

Consolidation and Compressibility properties: The 

dewatering of sediment causes it to compact.  The 

platy structure of the clays in the sediments and high 

water contents influence the degree of compaction. 

Variability: The interest in the 

fine-grained sediments stems 

from the need to understand 

their properties and 

characteristics and potential to 

influence the broader 

hydrogeological system.  To 

understand the importance of a 

property we need to 

understand both the range of 

behaviour and the variability 

within a unit as well as the 

spatial consistency of the unit. 

Mineralogy: The mineralogy of 

the finest sediments 

contributes to the hydraulic and 

the compressibility 

characteristics of a material.  

Classifying sediments based 

upon behaviour (PL, LL, 

compressibility) alone is 

problematic as soil descriptions 

are often used to predict this 

behaviour across a scale 

where testing may be 

impractical.  We hope that the 

mineralogy will allow for 

classification that is more 

predictive then currently 

possible in the area. 
Characterization of the 

sediment interface at 

out-cropping bioherms: 

to anticipate the 

potential for drainage of 

the peatlands to the 

bedrock aquifer through 

the bioherms the nature 

of the interface must be 

understood. If the some 

beds of the sediment 

act as a connection 

between the peatlands 

and the bioherms, 

vertical drainage would 

be enhanced.  

Field Testing 
Within the  Pit 

Excavation 

- Collection of intact 

soil samples 

- Augering to collect 

soil samples and 

piezometer 

installation 

- Unsaturated falling 

head tests  

In the Muskeg Near 

Three Selected 

Bioherms 

- Augering along radial 

transects to collect soil 

sampling and profile 

the bedrock interface 

- Piezometer 

installation 

- Saturated rising head 

tests  

Water level monitoring 
Stream Mapping 

Geological mapping 

and soil sample 

collection 

Lab Testing 
The soil samples collected from the pit excavation, along stream banks, and at augering 

locations are analyzed to determine their grain size distribution, plastic limit (PL), liquid 

limit (LL), and mineralogy.  The moisture content of most samples is determined onsite to 

document current moisture conditions.  Samples collected as intact blocks from within the 

pit excavation are used to determine the consolidation properties of the soils. 

 

The LL and PL are determined using the standardized Atterberg Limits testing 

procedure as described in ASTM D4318 – 10. These parameters help to characterize the 

behaviour of the fine-grained materials and the effect of various water contents 

Grain size distribution for grains above 63um are determined using standardized sieves.  

Below 63 microns, grains size is determined using a Fritsch Particle Sizer (Laser) 

which measures grains between 0.24-200.49μm across 62 channels, providing a 

detailed profile of the size of the finest particles.  We hypothesis that there is a 

correlation between the mineralogy and the grain size distribution of the finest particles. 

X-Ray diffraction (XRD) is used to determine the mineralogy of 

the particles within the clay sized fraction.  The mineralogy of 

this fraction is of particular importance due to the manner in 

which clay minerals interact with water on a molecular level. 

Using XRD we are able to determine the minerals present by 

reflecting x-rays of the crystal surfaces of the substance in 

question.  Minerals have known crystal arrangements, and the 

reflection of x-rays creates a predictable and unique pattern 

when the intensities of detected x-rays (post reflection) are 

plotted against the angle of the beam (and detector) to the 

sample. By utilizing a database of known minerals and pattern 

matching software the components of a sample can be 

identified.  The identification of clay minerals is further 

complicated because many of them return very similar patterns 

due to their similar structure (platy) and the dominance of the 

basal cleavage. Changes in the sample following various 

treatments (glycol saturation, heating to 400C, heating to 550C) 

allow for better distinction of clay minerals than would be 

possible with only air dried samples.  Unfortunately because clay 

minerals orient themselves during preparation and the 

dominance of one crystal face, determining the proportions of 

clay minerals to non-clay minerals within a sample is extremely 

difficult. 

One dimensional consolidation testing is performed on samples 

collected as intact block samples. The samples are preserved so 

that their orientation and natural water contents are intact for 

testing. A small disk of soil is extracted from the centre of the 

sample and is incrementally loaded in the vertical direction. The 

loading results in water being expelled from the sample and 

subsequent deformation.  Deformation is analogous to deformation 

resulting from the loss of water pressure. 
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Modeling  
Using GeoStudio 2007™ modeling the 

effect of dewatering on the fine-grained 

sediment will be undertaken using an 

“end members” approach.  By 

classifying the sediments with 

properties in the extremes and 

generating several models assuming 

each of these end members as the sole 

sediment in the area the significance of 

the various parameters within the de-

watering context can be examined.  

This is will help to define the parameters 

that should be given particular attention 

during site investigations and planning 

of other de-water projects involving 

similar sediments. 

Significance of Research 
This research can contribute to our understanding of the sediments present in the James 

Bay Lowlands which is particularly valuable in an area with very little surface exposure of 

geological formations.  It will help us to understand the significance of particular soil 

characteristics and unit hydrogeological properties and will aid in predicting the extent 

and severity of dewatering activities.  The degree of consolidation due to de-watering and 

the mechanisms of drainage are critical components to this understanding.  More 

consolidation and thus subsidence could place previously partially saturated areas below 

the water table. Significant consolidation would also alter the hydrogeological properties 

of the unit within the affected area.  The variability in behaviour of these sediments will 

influence the degree and extent of dewatering effects on the surrounding landscape and 

thus it is critical to understand when assessing the environmental impact of mining 

operations. 
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