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DESK STUDY OF THE GEOLOGICAL ASPECTS OF THE JAGERSFONTEIN OPEN PIT JOINTS
AND THE LINKAGE OF THE SHALLOW AQUIFER (VALLEY AQUIFER) TO THE OPEN PIT
Summary
The reports on the geology and structural geology of the Jagersfontein Open Pit and the
Valley Aquifer (shallow aquifer) are summarised. This report further describes the fracture
stability – “break back” areas of the pit and the geological relationship with the Valley
Aquifer. A reconnaissance field investigation of the Pit and surrounding area confirms the
geological results of the reports; it also supplied new information on the nature of the
fractures in the dolerite sill which are exposed in the walls of the Pit and, the layers of
sedimentary rock layers within the sill.
The conclusions based upon this desk review and field observations concerning Pit
stability and the linkage of the Valley Sandstone Aquifer (“the shallow aquifer”) are as
follows:
Open Pit:
(1) The areas of major instability and highest risk are the eastern and north western
slopes. Using a combination of empirical and mathematical predictive methods
(details in report) and not considering force majeure conditions (e.g. earthquakes),
the average break back rate calculated was 0.67m/yr or 47m over 70 years; the
analysis shows the town properties in the vicinity of the pit are in no immediate
danger, but with time the area will be increasingly at risk. It was proposed that a 100
m exclusion zone for access should be considered and even double that if there is no
attempt to stabilise the Pit – of which backfilling would be the most practical and
effective for stabilisation of Pit degradation..
(2) The risk of failure of Pit walls is a function of the height of backfilling in the Pit – the
lower the level of filling, the higher the percentage risk; e.g. backfilling to 1350 mamsl
or 60m from ground level could potentially provide a 95% safety value while “no back
filling” would ensure a 100% failure rate over time - geologically speaking.
Valley Aquifer (unconfined aquifer and groundwater system for part of the town and
underlying half of the TSF - main slimes dam):
(1) A series of bore-hole controlled geological cross sections show that the Valley
Aquifer forms a lense (i.e. enclosed at its margins) within the dolerite sill at least
some 800m southeast of the Open Pit - where the sill has a thickness of ~368m. If –
from a hypothetical point of view, this shallow aquifer was not a lense, the sandstone
layer would still not intersect the Pit; the northwesterly projections of the base of the
Valley Aquifer intersect the Shaft at elevations of 1418 to 1428 mamsl which are
higher than those of the eastern rim elevations of the pit which vary from 1410 to
1412 mamsl.
(2) It is therefore deduced that the Valley Sandstone Aquifer is not linked to the Pit and
would not be affected by any form of potential pollution that could emanate from the
interior of the Pit due to mining proceses such as the backfilling of tailings.
The most characteristic features of the Pit walls are the presence of columns of steep to
curved polygonal fractures caused by shrinkage cooling strain which is tensile, and formed
during the cooling and consequent shrinkage of the solidifying dolerite (basalt) sill. Curved
columns occur in numerous locations from about 30 to 100m mbgl, and are more amenable
to shear failure; this could explain the larger displacement areas of break back in the east
and northwest as seen in the larger scree slopes and debris accumulation in these areas.
Lenses of sedimentary rock – siltstone, occur in the northern and western walls of the Pit;
the lenses in the western wall do not project through to the eastern slopes; thin sheets of
dolerite intrude along bedding planes in the siltstone. The lenses of siltstone in the sill are
classified as confined aquifers.
The failure along the steep columnar fractures along the rim and in the Pit – break back, is
caused by penetration of surface water and the effect of gravitational stresses. It is
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suggested that the erection of containment walls to divert the ingress of surface water would
largely assist in the mitigation of failure along the rim of the Pit.
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DESK STUDY OF THE GEOLOGICAL ASPECTS OF THE JAGERSFONTEIN
OPEN PIT JOINTS AND THE LINKAGE OF THE SHALLOW AQUIFER
(VALLEY AQUIFER) TO THE OPEN PIT
W.P Colliston
Introduction
The author was requested by Jagersfontein Development (Pty) Ltd to compile a desk study
of (i) the geological features of the Jagersfontein Open Pit relating to stability and the
implications for the shallow aquifer upon backfilling of the open pit with tailings and slimes
from the mining of nearby dumps; and (ii) the geological controls, spatial geometry and
relationship of the shallow aquifer to the Open Pit. The site of the Open Pit is located at
29°45´42.7" and 25°25´02.1" on the western side of Jagersfontein (Fig.1).

Figure 1:The town of Jagersfontein with the Open Pit to the west (dark circular zone) surrounded by
tailings dumps; the current tailings disposal dam (TSF) is to the southeast of the Open Pit. The
observation point "the gantry" is shown on the north eastern side of the Pit. The contact of the dolerite
sill and Valley sandstone Aquifer is demarcated; the aquifer is a lens within this major sill and the
contact is some 800m south of the Open Pit.

Background
Jagersfontein Development (Pty) Ltd. own the Jagersfontein Open Pit and the various
dumps around Jagersfontein which are being processed for diamond recovery at its nearby
processing facility. Jagersfontein being the oldest open pit diamond mine (1870’s), forms
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part of the rich mining heritage of South Africa. It is therefore from a heritage point of view
important to implement methods to stabilise the rim of the Open Pit.
Jagersfontein Dev. has proposed that backfilling and rehabilitation of the Pit would ensure
the necessary stability and also lessen the impact of pollution of groundwater in the shallow
aquifer caused collectively by the tailings on the areas of operation. The shallow aquifer is
the main exploitable aquifer and occurs within the first 0 to 60 meters as indicated by
percussion drilling for augmentation of the water supply for the diamond recovery Operations
(GHT, 2021).

Geology of the area
Background literature
A broad description of the geology of the region (not specifically the geology of
Jagersfontein and environs) is given by (Johnson, 2006). The local geology around the main
slimes dam (TSF) south of the Jagersfontein Open Pit has been described by (Colliston,
2021). A bibliography of hydrogeology, groundwater, regulations and related engineering
can be found in GHT, 2018, 2021 and SRK Howell, 2019.

Geology
The main rock types are dolerite sills and fine-grained lithofeldspathic sandstones and
siltstones with interbanded mudrock; together, these rocks cover the entire region and are
stratigraphically classified as lithological units of the Adelaide Subgroup, the basal unit of the
250 million year old Beaufort Group. The underlying Ecca Group of predominantly mudrock
occupies lower lying elevations; it is quite possible that the Ecca-Beaufort contact – the
transition from deep water marine conditions to shallow and fluvial environments, is located
in the subsurface part of the Open Pit. Justification for this is the vast amounts of mudrock
indicated on the De Beer’s cross-section of the underground mining of the kimberlite pipe.
Igneous intrusions (Drakensberg Group) in the form of dolerite sills and dykes intrude the
Ecca and Beaufort Groups (part of the Karoo Supergroup) at ca. 180-190 million years ago
(Duncan, et al., 2006) ; later kimberlite magma in the form of pipes and fissures intruded the
Karoo Supergroup in this region at ca. 90-70 million years ago (Skinner, et al., 2006).
Dolerite
The principal geomorphological feature of the region is the intrusion of igneous material
(dolerite) into the flat-lying sediments to form extensive sheets that are concordant to the
bedding; the concordant parallel sided sheets in this situation are termed sills and while
sheets that are discordant and orthogonal across the sediment layers are termed dykes.
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Figure 2 Dolerite sill fractures: 2a Surface expression of closely spaced vertical fractures with dominant NW -SE
and E trends (scale=1m). 2b Subhorizontal unloading fractures (sheet fractures) which form aquitards with
horizontal flow. 2c, d Polygonal columns (cooling fractures) with longitudinal facets in the main dolerite sill
outcrop in the Pit; stair-step contacts with siltstone layers.

Where the sills are exposed on surface, they form the hills in the region - like those
surrounding Jagersfontein (Fig.1. In the subsurface, the flat-lying sediments have
extensively been intruded by the dolerite sills.
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The dolerite sills predominate regionally. In the Jagersfontein area, the dolerite sills
constitute a surface to subsurface amalgamation of sills forming basin structures similar to
ring dykes, having an ellipsoidal shape and enclosing the sedimentary layers as lenses on
mesoscopic to macroscopic scales; thicknesses vary from a few tens of metres to over 300
metres. Dolerite varies somewhat in colour and composition but the fresh rock is fairly
uniform in its engineering properties.
Fractures in dolerite sills
Of major significance for slope stability are the fracture (joint) patterns, geometry and the
extent of weathering. Vertical fracture spacings are typically 0.1 to 2m (Fig.2a). In a few
locations sheeting fractures (unloading joints) occur parallel to the ground surface with
spacings ~ 1m (Fig.2b). The thicker sills – as seen in the Open Pit, contain rows of columnar
joints (cooling fractures caused by the shrinkage of the solidifying dolerite magma) which
have a polygonal shape and extend as vertical to curved columns bound by 3 to 5 planar
facet fractures (Fig.2 c, d).

Figure 3 E margin of pit. The large unstable vertical blocks "tors" result from erosion along polygonal fractures of
columns (cooling joints). The oblique scree slope middle left, is a kimberlite fissure, intruding obliquely into the sill
and is a zone of potential failure “break back”.
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Weathering of dolerite
The degree and depth of weathering of dolerite in the region is variable and is a direct
function of the frequency and penetration of fracture development. Weathering takes place
at a faster rate along the cooling joints to give rise to vertical stacks or tors – as is
developing along parts of the NW to NE margins of the Open Pit. Fig.3 According to
McLaren (1974), factors that also effect the ease and rate of weathering are the crystal size
of minerals and chemical composition; he is also of the opinion that fine-grained dolerite
weathers faster than the coarse-grained variety and that olivine (Mg-Fe silicates) rich dolerite
is more resistant to weathering. Outcrops of dolerite commonly exhibit a red to ochre-brown
colour as do joint planes and represents oxidation of iron-rich minerals caused by the
ingress of surface water.
Most of the low-lying areas of the region are carpeted with colluvium. This accumulation
of semi-stable debris from mass movements and old slip zones commonly covers the lower
slopes of most of the hills. It varies in composition from a boulder field, with no soil matrix, to
a fine slopewash. It most commonly consists of boulder, cobbles and gravel in a matrix of
sand, silt and clay, with thicknesses up to 5m in places. It is sometimes in a loose state with
a high permeability and is also prone to erosional gully formation, which is of major
significance to the hydrogeology of the area especially
in the channelling of surface water run-off.

Sedimentary lithologies
The sedimentary rock types mainly consist of finegrained lithofeldspathic sandstone and siltstones with
interbanded mudrock (Colliston, 2021). The percussion
drilled thicknesses of the sub outcropping Valley
Aquifer (fine-grained sandstone) varies from 2 to 46m
and the lower siltstone more than 23m (incomplete
drilling); the two lithofeldspathic units are separated by
a dolerite sill that varies in thickness from 20 to more
Figure 4 Fine grained sandstone with ripple lamination.
NNW/SSE and E-W vertical fractures dominate on a cmm scale. Joint spacings 0.2-0.6m.

than 80m. The fine-grained lithofeldspathic
sandstone is characterised by ripple marks
and close spaced vertical joints spacings

generally less than 250mm Fig.4. The lithofeldspathic lithologies are more resistant to
weathering than the dolerite, with residual soil mantles being up to 1m thick.
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Hydrological conditions of the shallow aquifer (Valley Aquifer)
The principal topic is the control of groundwater flow and storage i.e. the hydraulic properties
of the aquifer which has implications for the dispersion and remediation of pollutant
emanating from the kimberlite dumps and mining processes; see (GHT, 2021) for details.
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Geology of the Jagersfontein Open Pit
Background literature
An account of the background conditions and design assessment for the Open Pit can be
found in Howell 2019 and a geotechnical review of Pit stability and backfilling in Meintjes,
2012.
In order to provide the geological perspective on the surface exposure of the Jagersfontein
Open Pit, the following sections are selectively abstracted from a review of Jagersfontein Pit
stability by Meintjes in SRK Report No.445072/2 :
o
o

Pit geology and structural geology
An assessment of the current pit slope stability

Other reports that are abstracted will be indicated in the text.

Introduction
The 2012 report by Meintjes of SRK on a 2 day site visit prominently describes the stability
and likely back break
of the steep walls of
the pit walls with time,
due to weathering and
mass
also

movement.
describes

setting
geology

and
of

the

It
the
the
pit,

cracks and movement
and

provides

a

preliminary
assessment

of

the

back-filling scenarios.
Figure 5 Location of the Jagersfontein Open Pit
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Figure 6 Cross section through Open Pit (S-N)

Site observations
Rock types
A thick dolerite sill forms the sides of the Pit; the sill encloses layers of sediment towards
the middle and the lower part of the Pit – interpreted as shale that has a southerly dip. A thin
layer of colluvium overlies the rim of the pit.
Sides
The Pit has steep side slopes with average dip of 72° over a Pit height of 180m with
variations on slope angle on the NE side with steep slopes (~80°) and flatter slopes (63°) in
the NW. Slope steepness is related to quality of the rock type, with the upper slopes
consisting of dolerite.
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Joint sets and spacings
The orientation of joints are variable along the sides of the Pit; NE side – curved joint
planes 60-70-40° and spacings 10m and less; S side – steep joint sets and spacings 1030m; W side steep joint sites allowing toppling failure. Orthogonal faults are apparently
recognised trending NE to SW and NW to SE.

Figure 7 Variability of structures in the Open Pit northern side slopes

Areas of failure (break back)
That there is an on going geological process inducing movement along joint planes, is
indicated by the accumulation of dolerite boulders on the floor of the pit resulting from failure
of the upper slopes; erosion tends to flatten the slopes. The areas most affected by rock
failure and break back are the NW, NE and E sides. On the N side open joints were
observed some 5 to 10m outwards from the rim and as seen from the viewing platform, there
are numerous examples of open joints in the NE and E – all as a result of movement and
indicating break back in these areas (Fig.3, 7).

A kimberlitic fissure (described as

“fault/dyke”) on the E-NE face (Fig.3) represents a zone of instability and eventual failure.
Joints dipping 40-60°into the Pit indicate sliding failure of the rock mass being a strong
possibility. Active break back processes are indicated by the undermining of concrete
installations on the E side of the Pit.
In the NW a steep scree slope is used to infer a fault. The weathered materials have
been incised by erosion gulleys leaving promontories of unstable material; although of no
risk for the town, they are considered to be important for the stability of the rim during
backfilling operations.
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Comments on stability and break back
Two orthogonal faults have been noted passing through the Pit with NW and NE trends.
Examples of the visible evidence for break back and the potential for instability are as
follows: (i) on the NE side, the concrete base to the viewing platform is partially exposed due
to the collapse of rocks beneath it. In the original construction, the viewing platform would
have been about 10m from the edge of the pit on a high ground position; (ii) evidence of
break back in process is illustrated in a number of places by the development of large
opening between the joints situated some 5 to 10m away from the pit edge to the western
side of the viewing platform; this indicates that failure has already occurred and the rock
mass on the side wall can slide into the pit given further stress release; (iii) in the NW there
are unstable islands of slope material that can also slip into the pit.
According to observation it appears that the break back increments are between 5 to 10m
and up to 20m. The implication of this is that the walls of the Open Pit may seem very stable
but when a certain break back limit is reached – say 5m, then 5m of rock mass could break
back over a short period of time and fall into the Pit.
Excavation of an open pit with slopes steeper than the slopes of hills in the vicinity, then
from an active geological processes point of view, the rock and soil will continue to fail until
stable slopes develop in geological time. This is the normal mass wasting process which
occurs everywhere in nature and will also occur at the Jagersfontein Open Pit where the
open pit slopes of average 72° will tend to flatten to stable slopes in time to come.
Examples of stabilisation methods -Kimberley
Examples of open pits with steep sides that were stabilised by different methods are the
De Beers and Kimberley pits in Kimberley. In the De Beers pit long anchors were installed
into the slopes with shotcrete and grout to stabilise the pit margin on the side with the
railway line; this approach was successful and was later supplemented by spraying a layer
of shotcrete onto the shale slopes to inhibit weathering; the final long term stability
procedure for the sidewalls took place 10 years later when back filling of the pit with tailings
and slimes was initiated. De Beers employed the backfilling method as they recognised the
finite operational life of the anchor support and the high cost of the next set of remedial
measures. The difference between the Kimberley pits and the one at Jagersfontein is that
the former have predominantly shale walls while the latter pit has good quality dolerite as
sidewalls.
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Risks related issues with open pits
There are two major geological risk related problems that needs consideration:
(i) Break back increases over time, increasing the size of pit rim and affecting properties
and structures within the risk zone. The break back zone has to include an allowance for a
safety risk zone as well, which in the case for Jagersfontein could be up to 100m wide.
(ii) Whenever there is a significant break back event, it can cause a minor seismic event
sending out shockwaves that could potentially damage poorly constructed buildings- if the
magnitude is high enough. To manage the potential seismic effects, seismometers could be
suitably placed to monitor and record the magnitude of events.

Assessment of Break back Scenarios
This section is quoted as verbatim: In June 2008, Messrs Barnett and Terbrugge (SRK
Project 391907 Potential Break-Back Assessment for Jagersfontein Pit, South Africa for De
Beers Consolidated Mines) reported extensively on the break back scenarios. This section
therefore contains a précis of this work moderated by the observations made by Messrs
Meintjes and Howell in the site inspection of 30 March 2012. Sections in parenthesis (“)
represent sections taken verbatim from the above report.
Empirical approach
“Two empirical approaches can be considered. The first approach is to try determining
rates of break-back at different positions in the pit, and then predicting width of break-back
when the rate reduces to zero. This approach is limited by the small number of data points
(three dates with data since mining stopped) available to develop a mathematical best-fit
function describing the rate. In reality the break-back may be strongly episodic over several
decades and a temporary hang-up may severely skew the predicted rate. The benefit of this
approach is that it caters for local variation in geology, such as structural controls on failure.”
“The second approach would be to estimate a rock mass rating (RMR) and determine an
expected break-back slope angle from empirical charts. This approach is risky, since rock
mass properties are assumed and inaccuracies in the empirical charts are accepted. The
method also assumes a homogenous rock mass (i.e. no local structural control). The benefit
of the method is that it provides a target pit limit based on the inherent strength of the rock
mass.”
“It was decided to combine the two approaches, therefore incorporating the rock mass
strength generally across the pit, but also modifying the expected break-back locally
because of expected structural controls.” These methods represented the best estimate
of the break back process and therefore are substantially more accurate then anecdotal
evidence (such as the undermining of installations) acquired during the recent site visit.
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Break back angles and rock mass rating (RMR)
“In order to look at slope angles an estimate of the pit bottom is required. The best data
available is from two cross-sections of the pit. The first shows the pit base schematically at
around 300 m depth, (Figure 6), and the second is a prediction made in 1962 of the
expected position of the pit base in 1970, (Figure 8), just prior to the date of mine closure.

The prediction shows a convex basal shape
close to 1000 feet (305 m) deep. The two data
sources agree closely, and since there is a
pipe contact outline for the 305 m depth, this
outline was taken to be the pit basal depth and
shape.” [Figure numbers underlined indicate
figures in this report] “Note that one of the
documents supplied by DBCM shows a map”
[not available

for this

report] “in

which

expected break-back limits are shown. One of
the limits is calculated from an assumed 70°
angle from the 305 m contact. Other limits are
calculated from deeper contacts. We suggest
that the 305 m contact is the most logical
depth to use.” “Visual inspection of the basalt
Figure 8 NW-SE cross-section showing the
expected drawdown of Pit bottom due to block
mining

near the lookout bridge suggests that the
jointing is penetrative with trace lengths
typically greater than 5 m. The joint spacing

appears to be greater than 2 m. The RMR fracture frequency rating is therefore around 31.
The dolerites dominate the pit, and outcrops of shale do not appear to be strongly
weathered. The sediments appear resistant to weathering and may have been thermally
altered by the dolerite sills. Note that this observation suggests that comparisons with the
Kimberley or Bultfontein pits are not valid, where the shale weathering dominates the breakback. The rock mass strength of the dolerite is rated as 20 (extremely strong rock). The
joints appear to be smooth planar in large-scale geometry. No infill or signs of joint controlled
weathering was observed from a distance. A joint condition rating of 22 is used. The total
RMR is 73. Adjustments for weathering and stress are more difficult to estimate, but a
MRMR between 60 and 70 is probably appropriate. The empirically derived slope angle is
65º (Laubscher, 1991). The resulting rock mass break-back limit is shown in Figure 12. This
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information gives an excellent assessment of the strength of the rock mass surrounding the
pit.
Weathering of the upper strata as well as the exposed faces can be expected to occur
during the current working phase and with (geological) time. Therefore a conservative
approach is indicated.

Rate of break back
For the purpose of analysis the following methodology was used:
“The pit was subdivided in 8 section lines as represented in Fig. 9. The break-back for each
time period (1936-1946, 1946-1971, 1971-1998 and 1998-2008) along each section line
was calculated in linear metres. The results are graphically illustrated for each section line in
F ig.10.”

Figure 9 Plan showing the sections used to calculate local break back
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Figure 10 Graphical representation of break back in different parts of the Pit

“A best-fit 2nd order polynomial curve was fitted to the 5 data points for each section line
Fig.11. The point where the fitted polynomial curve becomes horizontal represents a zero
break back rate and the final limit. Note that some of the section lines appear to already be
at the final breakback limit (based on
the data only). Some
curves were only
fitted with the postmining data points,
simply because the
curves fitted to all
points

produced

unrealistic results.
Figure 11 Predicted break back based on best fit polynomial functions.
Interpolations are labelled "Poly".

The final break-back limit was then plotted on the plans and a rate controlled limit line
constructed. The rate controlled limit line was made to follow the shape of the previous
measured limit lines, thereby creating a realistic limit. The limit line was also modified to
account for mapped local structural features, such as the dykes and also the wedge on the
western side of the pit. However, the limit rounds-off sharp geometries and removes
buttresses. The plausible structure and rate controlled break-back line is shown in Fig.12.”
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Figure 12 Plan showing the expected break back limit for Jagersfontein open Pit. Highest risk areas are within
the area bound by red cracks "fractures".

Ultimate break limit
“The rock mass 65 degree limit and the structure-controlled limit are then merged into a final
break back limit. The outer, more conservative line was taken at each point around the pit.
This final limit is illustrated in Fig.12. It therefore caters for the jointed rock mass strength, as
well as possible local structure-controlled failures. The mapped cracks (“fractures”) are
considered to outline the most hazardous areas over the next decade.
Based on the rates of break back, the structure limit most likely provides an indication of
the break back within the next 45 years. Erosion will continue to cause small-scale toppling
in the pit and a final pit limit will be achieved over the next few hundred (“probably thousands
of years”) years.”
Figure 12 clearly indicates the ultimate zone of back break from this analysis. Break back
rates of between 0.2m/yr and 1.0m/yr are demonstrated with an average of 0.67m/yr
(47m/70yrs). It should be noted, however, that the town properties affected by this analysis
are in no immediate danger, but with time (next 50 years) will increasingly be susceptible. An
exclusion zone, of the order of 100m, for access is therefore indicated and should be
maintained.
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From an engineering design point of view, the ultimate zone of break back only takes
account of the known structural geological and geological factors, but does not account of
other possible impacts such as a major earthquake somewhere in RSA. It is recommended
that if the open pit is not backfilled, an additional exclusion zone needs be defined to take
account of these other possible design factors which will include force majeure conditions.

Pit side slope stability considerations
The pit side slope stability is a function of the square of the height, therefore the following
relationships depicts the reduction in risk with elevation as the pit is filled (Figure 13). The
comparison reference is that it is 100% certain that pit side wall instability will occur at the
current height with no backfilling of the pit. Furthermore, if the open pit is completely filled,
the risk will be close to 0%, for pit side wall instability, and if reasonable practice is followed
during open pit filling.

Figure 13 Risk as a function of filling the Pit

Note: The assessment of back-filling scenarios, pit behaviour after filling and pit closure is
not summarised in this review as it pertains to the engineering design of such processes; the
reader is referred to the relevant section in the original report by SRK - Meintjes, 2012.
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JAGERSFONTEIN OPEN PIT DATA GATHERING
Introduction
The author, accompanied by Messrs’ Shaun Staats and Johan Swanepoel of GHT
Consultants and Jagersfontein Dev. respectively, undertook a field reconnaissance visit to
gather geological data around the perimeter of the pit and its steep margins on the 11
November 2021. The purpose of the surface data collection was to:
•

Verify the field observations and related findings of Meintjes 2012 in SRK Report
No.445072/2; especially concerning areas affected by break back, pit stability and
effects.

•

Rocks types (lithology) that define the Pit Geology.

•

Brittle fracture development.

•

The spatial geometry of exposed sedimentary lithogical units enclosed within the
dolerite sill and their continuity around the interior of the Pit.

Figure 14 North to South view across a dry Jagersfontein Open Pit (rim to bottom ~ 260m), with the vertical to
subvertical walls defined by the regional dolerite sill; dumps in the background. The sill encloses sedimentary
lithologies (layered white weathering strata on the western wall – on the right) and is characterised by columns of
cooling fractures (joints) with steep to shallower dips as the columns become curved. Weathering of fracture
zones along the curved columns of the eastern slopes are prominent and displayed by the slope debris (boulder
of dolerite) cascading onto the floor of the pit: Dillon March.
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Figure 15 Eastern face of the Pit. (a) Lithology top to bottom: colluvium, silstone and dolerite with
siltstone lenses and xenoliths. Yellow ground in the foreground is a kimberlite fissure. Columns of
polygonal joints characterise the sill and are thermally imprinted onto the siltstone which also develops
bedding parallel joints. (b) Details of the eastern face: The kimberlite fissure mentioned in (a), intrudes
the sill and siltstone, where it broadens out into a boudin-type shape. Columnar joints are steep in the
high wall and become curved and flatter from 30m bgl towards the bottom of the pit; the flatter planes
become shear slip zones and form scree slopes, as indicated by the amounts of debris at the foot of the
slopes.
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General
The Open Pit has been excavated to well below 260 meters below ground level, but the
general consensus is that the pit bottom is approximately at a depth of between 245 and 260
mbgl. The bottom of the pit (as well as much of the deeper mining cavities) is filled with
kimberlite, boulders and loose material. Mining shafts (main and sub verticals) reach as far
as 780 mbgl. Groundwater flow is expected to follow topography from NW to SE (GHT,
2018). Figure 14 provides a north - south perspective of the Pit; the steep walls of dolerite
illustrate the shape and upper diameter of the excavated kimberlite pipe which intruded into
this regional dolerite sill and which is at least 370m thick (De Beers section; supplied by
client).

Rock types and aquifer classification
The lithological units around the rim of the pit and in the dolerite sill are from top to bottom
of the Pit (Figure 14,15):
•

Colluvium (<3m thick) consisting of a coarse layer of dolerite cobbles and pebbles
mixed with sand and clay and an overlying sand/clay layer. This represents an
unsaturated aquifer that covers a wide area around the rim of the pit.

•

Siltstone (>5m thick) laminated to layered bedding; vertical and horizontal (parallel
to bedding) fractures define a secondary permeability and represents a fractured
aquifer, which is recharged by transient flow in the overlying colluvium.

•

Dolerite sill (>236m) forms the sides of the Pit and contains xenoliths and lenses
of sedimentary lithologies (siltstone). The layers of siltstone on the western face
occur towards the middle and the lower part of the Pit – and have a southerly dip.
The layered siltstone lense is classified as a confined aquifer. The dolerite with
columnar joints representing secondary permeability (where re-activated by tensile
stresses during uplift and weathering) can be classified as a fractured aquifer; all
lenses of siltstone within the basalt sheet – confined aquifers or aquicludes
depending on the thickness and contact structure with the dolerite..

•

A kimberlite fissure is exposed in the E-face of the Pit and intrudes into the sill and
overlying siltstone; the contacts on either side of the fissure which are fractured
and oxidized, could be classified as fractured aquifer zones (decacentimetres
wide).
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Figure 16 Failure zones (break back) and structures NW &E- walls of the Pit: The areas of larger break back are
in the N-NW and E –walls, and indicated by the debris fans beneath shallower scree slopes above steep high
walls. Blocks of polygonal fracture columns are present in the N-face and spacing between blocks can be up to
30m wide. The vertical to subvertical columnar joints at the top end of the face are curved towards the lower
end of the Pit (dips of 40 to 60°) and become ideal shear slip surfaces for eroded material.

Structural features of the Pit
The Pit all round has steep side slopes with average dip of ~ 70° over a Pit height of
236m with variations on slope angle on the NE- side with steep slopes (~80°) and flatter
slopes (60 - 40°) in the NW and E and parts of the SW (Figure 14; 15; 16). Slope steepness
is related to the change in shape of the columns of cooling joints from upright to curved
(vertical to subvertical dips to shallow dips); the mineralogical variation and texture of the sill
can also influence the rate of weathering.
Fracture orientations
The orientation of fractures (joints) are variable along the sides of the Pit; NE to E sides –
curved fracture planes 60-70-40° and spacings 10m and less; S- side – steep joint sets and
spacings up to 30m; NW to W- side steep joint sites forming tors (upright weathered dolerite
blocks or columns) and an area of block failure. No faults were recognised in the Pit.
However the facet planes of the columnar joints general have preferential NE to SW and NW
to SE trends, parallel to the regional uplift joint systems that are superimposed on the rock
strata.
Areas of rock failure and break back
The fact that there is an accumulation of dolerite boulders on the floor of the pit is an
indication of failure along the columnar joint planes of the upper slopes due to on-going
geological processes; erosion tends to flatten the slopes. The areas most affected by rock
failure and break back are the NW, NE and E sides. On the N side open joints were
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observed some 5 to 10m outwards from the rim and as seen from the viewing platform, there
are numerous examples of open joints in the NE and E – all as a result of movement and
indicating break back in these areas (Figures 3; 7).

A kimberlite fissure on the E-NE face

(Figure 3; 15) represents a zone of instability and eventual failure; the scree slope with
debris beneath the fissure shows the current state of failure. The curved columns of cooling
fractures dipping 40-60° into the Pit are indicators of shear failure of the rock mass. Active
failure (break back processes) is indicated by the large fans of weathered dolerite below the
scree slopes – particularly on the NW and E-walls of the Pit (Figure 14; 16).
The NW – side of the Pit (Figure 16) has vertical to steep columns of fractures that have
undergone weathering and failure forming tors and steep scree slopes. Fracture spacings
occur on decametre scale (left side of Figure 16). The weathered dolerite slopes between
the blocks of dolerite columns have been incised by erosion creating large areas of unstable
material; although of no risk for the town, they are considered to be important for the stability
of the rim during backfilling operations.

Sedimentary lenses in the Pit dolerite sill
Lenses and xenoliths of sedimentary lithologies are characteristic of the Pit dolerite sill, and
also more regionally, as this elliptically shaped sill with long axis trending to the SE,
geomorphologically forms the hills around Jagersfontein, (Colliston, 2021). However, not all
the Pit faces contain lenses of sediment. A cross section from the Shaft northwards shows
the main geological/structural features of the W-face (Figure 17). Here, the most striking of
the lenses in the Pit face is completely exposed. Both ends of a thick ~ 60 m siltstone layer
(white colour) is enclosed within the sill; thin sheets of basalt (black colour) intrude along
bedding planes of the siltstone and effectively thicken the siltstone layer.
Most striking about this lense is that it does not project into the E-face at all (compare
Figures 17&18/14) - i.e. it is completely enclosed in the sill on its E-extremity. The lense may
also be enclosed further to the west forming a completely enclosed sedimentary unit. This
however is the case with the unconfined Valley Aquifer to the SE- of the Pit (Colliston, 2021).
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=
Figure 17 Cross section Shaft & W-face: The rim of the pit is overlain by a thin colluvium layer that overlies a laminated siltstone. South dipping thick lenses of siltstone occur
towards the lower end of the face; thin dolerite sheets intrude along bedding planes; m-scale xenoliths are scattered in the upper face. The prominent siltstone lense is
discontinuous southwards and eastwards, and not present in the E-face (compare Figure 18). The dolerite sill is characterised by steep to curved columnar fractures (cooling
joints). The plug to the incline into the pit was not observed in the S-face.
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Figure 18 Drone image of Pit looking south: The lenses of siltstone on the western wall (right side of image; see Figure 17) are absent on the eastern wall.
The sill compartmentalizes the lenses and they form enclosed confined aquifers/aquicludes. The eastern face is characteristically devoid of any sediment
lenses.
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Conclusions (review and reconnaissance)
•

This reconnaissance study supports the findings of the SRK report of Meintjes,
(2012)

•

The areas of major instability and highest risk are the eastern and north western
slopes; this is associated with polygonal columnar cooling joints of the dolerite sill
undergoing erosion by geological processes.

•

Average break back rate calculated was 0.67m/yr or 47m over 70 years; the analysis
shows the town properties in the vicinity of the pit are in no immediate danger, but
with time the area will be increasingly at risk.

•

It was proposed that a 100 m exclusion zone for access should be considered and
even double that if there is no attempt to stabilise the Pit – of which backfilling would
be the most practical and effective for stabilisation of Pit degradation.

•

The risk of failure of Pit walls is a function of the height of backfilling in the Pit – the
lower the level of filling, the higher the percentage risk; e.g. backfilling to 1350 mamsl
or 60m from ground level could potentially provide a 95% safety value while “no back
filling” would ensure a 100% failure rate over time - geologically speaking.

•

Lenses of sedimentary layers on the W-side of the Pit do not project through to the Eside. The W-face of the Pit does not show any exposures of lenses of sedimentary
layers at the current erosion status.

•

The risk of pollution to the valley Aquifer (the “shallow aquifer”) then falls away if the
Pit is utilised for backfilling purposes.

LINKAGE OF THE VALLEY AQUIFER TO THE OPEN PIT

Introduction
The author was requested by Jagersfontein Development (Pty) Ltd to include in the desk
study which included Open Pit stability (see sections above), a section on the structural
geological linkage of the shallow aquifer to the Open Pit, and the implications for the shallow
aquifer upon backfilling of the open pit with tailings and slimes from the mining of nearby
dumps. The report by (Colliston, 2021) is relevant in providing an answer to this geological
and hydrogeological issue; appropriate structural sections will be employed in providing an
answer to the Open Pit –Valley Aquifer relationship.
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Background
The geology and hydrogeological detail of the Valley sandstone aquifer are described in
Colliston, 2021. The report describes a structural geological investigation into the geological
strata surrounding the Mine and underlying slimes dam (TSF). Two major aquifers were
identified during borehole exploration namely, very fine-grained lithofeldspathic sandstones
with interbedded siltstones and minor mudrock, separated by a regionally lower dolerite sill
(20m). The lower lithofeldspathic sandstone (~40m thick) represents a regionally confined
aquifer. Water resources are located on the unconfined Valley sandstone aquifer which
occupies an area to the south of the mine beneath the slimes dam where it is cut-off against
the dolerite sill in which the Open Pit is developed (Figures 1 and 19). The Valley sandstone
dips to the ESE and forms the valley between the hills of dolerite that encloses it as a
megascopic lense. The flow direction of groundwater is towards the SE (gradient h=0.02
towards direction 136.

Figure 19 Geological map of the mine area and location of structural sections with borehole control; the contact
of the valley sandstone aquifer and the dolerite sill is indicated.

31

W.P.Colliston

Geol. Jagersfontein Dev (Pty)Ltd

R20211116/JAGGL.2

Structural cross sections and Open Pit linkage

Figure 20 Section 1 (A to D): The Valley sandstone (1) is separated from the underlying siltstone (2) by a
dolerite sill which merges with the upper dolerite sill; it is enclosed within the upper sill, thickening to the SE.
The contact of the underlying sill with the upper sill is shown as a “stair-step” structure with vertical margins.

Figure 21 Section 2(E - F - C - D): The northwest to southeast cross section shows the two fine-grained
lithofeldspathic units - Valley sandstone and lower siltstone separated by the lower dolerite sill that merges
with the upper sill to form a single sill unit. The Valley sandstone is bound by the single sill unit; the siltstone is
cut off against the upper dolerite sill in the northwest. A series of stair-step structures characterise the sill/
Valley sandstone contact.

The cross sections were constructed at a horizontal scale of 1:10,000 and a vertical scale
of 5x the horizontal scale. The geology and structural features of two of the four cross
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sections required to investigate the possible linkage of the Valley aquifer to the Open Pit, are
described below:
(a) Section 1 (A: X39797.71 Y-3295160 Z1419.47; C-D: BH2 X43319.36 Y3296158 Z1380) (Fig.20).
Most southerly 3.65 km northwesterly cross section (points A, B, C, D); located south
of the TSF along boreholes H109, BHSPD, BH 704 on the Mine property, town boreholes
BH3, Bh2 and upper dolerite sill outcrop position D. The section begins and ends in the
upper dolerite sill and traverses Dam 10 and the wetland to the east towards B; plotted
strata from A to D consists of:
alluvium (top), Valley sandstone (1), dolerite sill, and

lower siltstone layer (2), (bottom;

projected).
The Valley sandstone terminates against the upper dolerite sill at both ends of the
section (A andD; boreholes H109 and BH2) and thickens southeastwards from A to D
from 18 - 34m. The underlying dolerite sill also thickens southeastwards from 60 to
>80m; this sill and the upper sill form a single sill unit in projection; the merging of the
sills is shown as a “stair-step” structure with vertical sides; the structure has the effect of
cutting out the lower section of the Valley sandstone by ~ 77%;
(b) Section 2 (E: X40563.28 Y-3294453 Z1417.54;C-D: BH2 X43319.36 Y-3296158
Z1380 (Fig.21)
Northwesterly section 700 m north of Section 1 (points E,F,C,D; Fig.19). The
~3.7km cross section extends from E (Mine Shaft)

across the middle of the TSF, along

boreholes H106, BH3 (JD), H102, BH8 on the Mine property, across the southeasterly
draining rivulet towards town boreholes BH3, Bh2 and upper dolerite sill outcrop at D.
The strata and thickness plotted in depth from top to bottom along section line at points E
- F - C - D are: alluvium (av. 2m; 6m in borehole H106), Valley sandstone (1), (2 to 44m),
dolerite sill (~ 26-46m between E and F and some 90 m at D), and lower siltstone layer
(2) (thickness > 30m). The Valley sandstone - as in Section 1, thickens southeastwards
from <2m at a point on the section line 470 m from E, to 12m at F and 44m at C. The
underlying dolerite sill

thins in this direction

- 46 m in the northwest to 26m

southeast over a distance of 2.2 km. The Valley Sandstone is cut-off at either end by the
upper dolerite sill; it has an enclosed length of 3.3km and participates in a series of stairstep structures caused by the underlying dolerite sill; this is especially apparent with
closely drilled percussion boreholes H106, BH3 (JD), H102 and BH3 west of F and town
boreholes BH3 and BH2 between C and D (Fig.21); the step vary in depth between 5 and
12m west of F, and with 40 and 12m west of D. The step contact angle between the sill
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and Valley sandstone is vertical to subvertical. The spatial arrangement of the upper
and lower dolerite sills in the cross section and proven by borehole control, shows that
the two sills merge into a single sill unit (E and D of cross section); the effect of this is to
enclose the Valley sandstone both along its margins and also in depth. The lower siltstone
layer (2) penetrated by borehole H102, is also cut off against the upper dolerite sill at E (the
logs of the Shaft borehole show dolerite for 375m from surface); the southeastwards
structural relationship with the sill is speculative as boreholes in the vicinity of C-D were too
shallow to penetrate the siltstone layer (2). The slimes dam (TSF) is underlain by both the
upper dolerite sheet and Valley sandstone (Fig. 21) and shown as a projection on the
geological map (Fig.3); measured along the cross section, the projected sill/sandstone
contact is ~ 450m from the western dam wall; the Valley sandstone increases in thickness
southeastwards from >2m to 10m under the eastern dam wall.

Discussion
From the above sections it is clear that the Valley sandstone aquifer has been identified in a
number of boreholes so that its spatial integrity is well founded. It was further shown that the
margins of the aquifer are enclosed within a dolerite sill – the same sill that contains the
Open Pit. However, surface mapping of the contact between the sill and aquifer and using
the borehole controlled structural sections and projecting the basal contact of the Valley
sandstone aquifer, it was shown that this contact was located beneath the tailings dam and
changed strike to the SW towards borehole H109 on projection (Figures 1 and 19). Thus the
NW margin of the aquifer terminates some 800m SE of the Open Pit.
A further argument that can be used to indicate that the aquifer could not intersect with
the pit is that the northwesterly projections of the base of the Valley Aquifer intersect the
Shaft at elevations of 1418 to 1428 mamsl which are higher than those of the eastern rim
elevations of the pit which vary from 1410 to 1412 mamsl.

Conclusions
A. Linkage of the shallow Valley sandstone aquifer and the Open Pit:
1. A series of bore-hole controlled geological cross sections show that the Valley
Aquifer forms a lense (i.e. enclosed at its margins) within the dolerite sill at least
some 800m southeast of the Open Pit - where the sill has a thickness of ~368m. If –
from a hypothetical point of view, this shallow aquifer was not a lense, the sandstone
layer would still not intersect the Pit; the northwesterly projections of the base of the
Valley Aquifer intersect the Shaft at elevations of 1418 to 1428 mamsl which are
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higher than those of the eastern rim elevations of the pit which vary from 1410 to
1412 mamsl.
2. It is therefore deduced that the Valley Sandstone Aquifer is not linked to the Pit
and would not be affected by any form of potential pollution that could emanate from
the interior of the Pit due to mining proceses such as the backfilling of tailings

B. Valley sandstone aquifer
1. The Valley sandstone forms the exposed aquifer in the area investigated and is
termed the “Valley sandstone aquifer”. The aquifer is enveloped by elliptical sill/ ring
dyke shaped hills of jointed dolerite (with secondary permeability) which serves as
regional aquitards and zones of recharge for the Valley aquifer. The lower siltstone unit
is defined as a confined aquifer with the lower dolerite sill separating the two aquifers an aquiclude; the upper contact of the sill with the Valley aquifer is a horizontal zone of
fracture (decacentimetres) and is classified as an aquifer.
2. The Valley sandstone aquifer characteristics are: shallow dip (<2°) and a wedge
shape that deepens to the southeast; hydraulic gradient 0.02 and flow direction towards
southeast; groundwater system approximates the wedge shape.

C. Geological model
The conceptual hydrogeological model can be defined as a multilayered sequence
of lenses of sedimentary rock (sandstone, siltstone and mudstone) enclosed within
alternating intrusive dolerite sheets of variable thickness (metres to hectometres scale).
The model shows that the area is dominated by a macroscopic dolerite sill/dyke that
intrudes and encloses sedimentary rock at various elevations and scales - as lenses.
The Valley sandstone is one of the major lenses in this dolerite sill that hosts the Open
Pit.
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