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EXECUTIVE SUMMARY 

 

This report contains the findings of a geotechnical investigation for the proposed bridge 

crossing at the Magdalena Mine near Dundee. 

The site is underlain by sandy clayey alluvium and sandy fill material to approximately 1.8 

meters along the stream banks, which is sharply underlain by highly weathered very soft to 

soft rock sandstone of the Vryheid Formation. Groundwater seepage was not encountered in 

any of the test pits to a maximum depth of 2.0 meters.  

Soft excavation in terms of SABS 1200 DM is generally anticipated to at least 1.8 meters below 

existing ground level beneath the stream banks. Intermediate to hard excavation is expected 

below 1.8 meters where rock pecking, pneumatic assistance and even localized blasting may 

be required to reach foundation socket depths. It is recommended that all earthworks be 

carried out in accordance with SABS 1200 (current version) and that allowance be made for 

hard rock excavation of foundation sockets. 

One of the more important factors in the promotion of a stable site is the control and removal 

of surface water from the property. It is important that the design of the stormwater and 

floodwater management system allows for the drainage of accumulated surface water from 

the foundations and back into the natural drainage path. 

Competent weathered sandstone was encountered outcropping within the stream floor and 

at 2.0 meters below ground level within the stream banks. The bridge culverts may be 

founded on a concrete screed at this depth.   

Additional surface flood damage prevention measures, such as gabion boxes, are 

recommended at the abutment and downstream areas to prevent scouring. 

Finally, the ground conditions described in this report refer specifically to those encountered 

at the test positions on the site. It is therefore possible that conditions at variance with those 

discussed above may be encountered elsewhere on the property. In this regard it is important 

that GCS Geotechnical carry out periodic inspections of the site during construction to ensure 

that any variation in the anticipated ground conditions can be assessed, and revised 

recommendations made to avoid unnecessary delays and expense. Furthermore it is 

important that the construction phase of the project be treated as an augmentation of the 

geotechnical investigation. 
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1 INTRODUCTION AND TERMS OF REFERENCE 

Mr. Frank Talbot (on behalf of Buffalo Coal) requested GCS Geotechnical to provide a cost 

estimate for a geotechnical investigation for the proposed river crossing on the Magdalena 

Mine site. The cost estimate and proposal was submitted and accepted by the client. 

The site is located within the bounds of the Magdalena Mine site, approximately 25 km north 

of Dundee. 

This report presents the findings of the geotechnical investigation and discusses the 

subsurface soil and founding conditions based on visual and tactile means and provides 

recommendations on how best to develop the site from a geotechnical point of view. 

 

2 AVAILABLE INFORMATION 

The following information was drawn upon for the purposes of the investigation: 

 The 1:250 000 Geological Map titled “2730 Vryheid” compiled by the South African 

Geological Survey in 1985; 

 Google Earth imagery of the site; 

 Cross-section titled, “Over land belt” provided by Mr. Frank Talbot. 

 

3 SITE DESCRIPTION 

The site is located approximately 25 km north from the town of Dundee, with the approximate 

coordinates of 36J 0222618 6903983. 

The proposed bridge position traverses a non-perennial stream, and is situated along a main 

haul road which previous to the investigation had been diverted. The site is covered by sparse 

grasses and occasional small to medium sized acacia trees. Outcropping sandstone bedrock 

is observed in the invert of the dry stream bed and bound by a sandy clay on either side of 

the stream. There are sandstone and dolerite boulders within the incised trough of the river 

bed. A vertical profile of sandstone overlaying shale is observed in the water fall, 

approximately 10 m north-east. 
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Characteristic Description 

Stream gradient TBA 

100 year flood flow TBA 

100 year flood elevation TBA 

Valley profile Asymmetric “V” shape 

Stream type Non-perennial  

Bank height ± 1.0m 

Name Tributary of Pooma Spruit 

 

The site locality can be observed on Figure 1, attached. 
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4 FIELDWORK 

The fieldwork was carried out on the 5th November 2015 and comprised the mechanical 

excavation by TLB of two test pits, profiling of the various soil layers encountered and 

acquisition of three disturbed indicator samples. 

4.1 Test pits: 

Two test pits, designated IP1 and IP2 were excavated to a depth range of between 1.9 and 

2.0 meters depth. These test pits were profiled and backfilled on completion. A simplified 

soil profile beneath the site is shown below in Table 4-1: 

Photographs of the test pit profile can be observed in the Photo log in Appendix D. 

Table 4-1: Summary of Soil Profile 
Approximate 
average 
depth (m-m) 

Description EABC 
(kPa) 

Kv 
(kPa/mm) 

Cohesion 
C 

Elastic 
Modulus E 

Friction 
Angle 
Φ(°) 

Notes 

0-1.9 Slightly moist, dark 
brown, firm becoming 
stiff with depth (pp=4-
10mm), intact and 
partially shattered, fine 
sandy CLAY becoming 
clayey SAND with depth. 
Alluvium 

100-200 40-70 36-144 - - 
Roots 
observed 
throughout 

0-1.7 Slightly moist, orange 
brown and grey, loose 
(pp=40-50mm), layered, 
clayey gravelly fine to 
medium SAND with 
dolerite cobbles and 
boulders. Fill material 

50-100 30-40 0 3-6 28-30 

Cobbles 
and 
boulders of 
various 
materials 

1.9-2.0 
(beneath 
stream 
banks-
outcropping 
in stream 
floor) 

Light yellowish brown, 
highly weathered, 
medium grained, 
friable, very soft to soft 
rock. Sandstone. 
Vryheid Formation 

500+ 180+ 0 35+ 40+  

 
pp= geopick pick penetration 
EABC = estimated allowable bearing capacity (ignoring collapse potential) 
Kv = modulus of subgrade reaction 
c= cohesive strength 

 

The test pit positions can be observed on Figure 3, and the detailed soil profiles are presented 

in Appendix A. 
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5 GEOLOGY 

The proposed bridge site is underlain by imported fill material, alluvium and very soft to soft 

rock sandstone of the Vryheid Formation, Ecca Group within the stream floor. Although not 

encountered, numerous dolerite dykes and sills have been recorded in the area. The soil 

profile encountered, specifically at this site, comprises the following: 

 

5.1 Fill: 

Fill material was encountered in IP2 and extends from surface to an approximate depth of 

1.7 meters below ground level (mbgl). It consists of slightly moist, orange brown and grey, 

loose (pp=40-50mm), layered, clayey gravelly fine to medium SAND with dolerite cobbles and 

boulders. It is understood that is was imported from excess adit overburden material, and 

from a borrow pit on a farm in close vicinity to the mine. 

 

5.2 Alluvium: 

Alluvium was encountered in both IP1 and IP2 and extends from surface to approximately 1.8 

meters, however in IP2 only a thin horizon was exposed from 1.7 to 1.8 mbgl. The alluvium 

consists of slightly moist, dark brown, firm becoming stiff with depth (pp=4-10mm), intact 

and partially shattered, fine sandy CLAY becoming clayey SAND with depth.  

Rootlets were observed within the horizon with thicker roots (approximately 50 mm in 

diameter) sparsely distributed throughout the profile.  

 

5.3 Sandstone bedrock 

In both IP1 and IP2 sandstone bedrock was encountered at between approximately 1.8-2.0 

mbgl.  

It consists of light yellowish brown, highly weathered, medium grained, friable, very soft to 

soft rock. The sandstone tends to break with firm blows of a geological pick where a 

weathered zone protects the rock beneath, however becomes competent within a short 

distance.  

Throughout the past intermittent flood periods, the sandstone has been incised by the stream 

to approximately 1.0 meter depth. Sub-rounded to rounded cobbles and boulders line the 

incised stream floor. 
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The sedimentary succession of sandstone underlain by shale is observed in the outcrop below 

the water fall down stream of the bridge site. The sandstone was observed to be 

approximately 2.0-3.0 meter thickness and underlain abruptly by shale. The exposed shale 

surface is observed to be completely too highly weathered with a slaking texture. The rock 

mass, on firm blows from a geological pick typically broke into fine gravel and clay. 

The regional geology of the site can be observed on Figure 2, and an interpretive plan of the 

geology underlying the proposed position of the culvert can be observed on Figure 4, 

attached. 

6 GROUNDWATER 

Groundwater seepage was not encountered in any of the test pits excavated on site. A small 

pool of water was however observed at the base of the waterfall at an altitude approximately 

4.0 m below that of the bridge position.  

The site resides within the V32D quaternary catchment (WR, 2012) and receives a mean 

annual precipitation of between approximately 700-800 mm.  

 

7 LABORATORY TESTING 

Three disturbed indicator samples were recovered for particle size distribution, Atterberg 

limits and shrinkage/swell indicators. A summary of the laboratory test results can be 

observed in Table 7-1 below. The laboratory test results can be found in Appendix C. 

Based on the laboratory test results, and visual and tactile evidence, the following is 

proposed: 

 The alluvium classifies as a fair to poor construction material A-4(3), SM-SC and is 

presumed to be of G7-G10 quality. It has a low swell potential and may be used in 

subgrade layers and in un-engineered bulk fills. 

 The open pit overburden, sample S1 classifies as good construction material with A-

2-4(0), SW-SC and is presumed to be of G6-G7 quality. According to TRH20 the 

material classifies as a good gravel wearing course but may be dusty. It may be used 

up to selected and sub-base level. 

 The residual dolerite borrow material, sample S2 classifies as a good construction 

material with A-2-4(0); SW-SC and is presumed to be of G5-G6 quality. According to 

TRH20 the material will ravel and corrugate. It may be used up to selected and sub-

base level. 

The laboratory test results will be presented in tabular format in the final report such as 

below: 
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Table 7-1 Summary of Laboratory Test Results 
 

TP 
No. 

Depth 
(m) 

Description 

Particle Size 
(% retained) 

Atterberg 
Limits (%) 

GM 
Group Index; USPRA; USCS; TRH14, 
TRH20 Clay and 

Silt 
Sand Gravel LL PI LS 

1 1.0 
Dark brown clayey fine 
SAND 

28.1 62.1 9.8 23 6 3.0 0.90 A-4(3); SM-SC; presumed G7-G10 

S1 0.0  29 51 20 32 10 5.0 1.46 
A-2-4(0); SW-SC; presumed G6-G7;  
Good (may be dusty) 

S2 0.0  11 69 20 36 7 3.5 2.19 
A-2-4(0); SW-SC; presumed G5-G6; 
Ravels and corrugates 
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8 DEVELOPMENT RECOMMENDATIONS 

8.1 Proposed Development: 

It is understood that the proposed development will comprise a new bridge crossing 

comprising a number of culverts which will form a mine access road over a non-perennial 

stream within the Magdalena Mine of an approximate horizontal length of 40 meters.  

 

8.2 Rippability and Trenchability: 

Soft excavation in terms of SABS 1200 DM is anticipated to at least 2.0 meters depth below 

ground level using light earthmoving equipment due to the loose to stiff nature of the 

underlying soils. The degree of weathering is considered to extend below this depth with 

associated intermediate excavation in weathered rock beyond 2.2 meters below ground level, 

but will need to be confirmed during the construction phase. 

 

8.3 Earthworks & Approach Embankments: 

It is recommended that all earthworks be carried out in accordance with SABS 1200 (current 

version). 

In terms of construction recommendations, all vegetation should be cleared from the area 

that will be subject to earthworks, with particular attention being given to the foundation, 

embankment and abutment footprints. In addition, it is important to preserve the topsoil 

wherever possible and in this light, the upper 200 mm of topsoil should be removed and 

stockpiled and thereafter used to rehabilitate the site after construction is complete. 

It is anticipated that any foundation excavations carried out on the site will be in fill material, 

alluvium and weathered bedrock.  The upper soils will need to be battered back at gradients 

of 1 vertical in 2 horizontal (slope angles of 27 degrees) to promote short-term stability. If 

space does not permit, it is recommended that temporary shoring in the form of horizontal 

wooden planking and cross struts be designed and implemented.  Although not anticipated 

on this site (suitably designed terracing should be considered), any slopes greater than 1.5 m 

in height will need to be analysed in terms of their global stability and should be discussed 

with GCS Geotechnical prior to any construction taking place. 
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During embankment and fill construction, the fills should be of at least G7 quality and placed 

in layers not exceeding 200 mm loose thickness, and compacted to a minimum of 95% Modified 

AASHTO dry density (MADD).  Any boulders or material larger than two-thirds of the layer 

thickness must not be included in the fill material.  In addition the fill material should be 

worked within - 2% and +2% of the optimum moisture content to induce collapse settlement 

of the material during compaction. This will ensure minimal settlement within the approach 

embankments themselves since the foundation for the fill placement is expected to be 

weathered sandstone bedrock. 

It is recommended that the in situ materials be sampled and tested to determine the 

maximum MADD against which the compaction needs to be assessed. However, preliminary 

indications are that the majority of the in situ materials may only qualify as low-grade fill 

layers and therefore an allowance should be made in the bill of quantities to remove some 

of the unsuitable cut material off site to spoil and replace by at least G7 quality fill material. 

 

8.4 Drainage: 

One of the most important factors in the promotion of a stable site is the control and removal 

of both surface and groundwater from the property.  It is important that the design of the 

stormwater management system allow for the drainage of accumulated surface water and 

that it’s collected and disposed of in a responsible manner. 

Both during and after construction, the site should be well graded to permit water to readily 

drain from the site, and to prevent ponding of water anywhere on the surface.  All terraces 

and earthworks in general should be graded at 1:50 to prevent ponding and ingress of water 

into the subsurface soils. 

The particular natural drainage of the site will also require flood protection measures for 

long term sustainability. 

 

8.5 Surface Drainage: 

Surface water collected on any hardened areas or driveways should be directed to and 

collected in open, lined drains or piped off the site downslope of the property towards the 

stream drainage line.   

 

8.6 Sub-Surface Drainage:  

The need for temporary subsurface drainage or de-watering of deep excavations will have to 

be assessed on site during.  Should groundwater be encountered it is recommended that 

temporary pumping measures be installed. 



Mr. Frank Talbot Geotechnical Investigation 

15-891 February 2016 Page 11 

8.7 Evaluation of Founding Conditions and Founding Recommendations: 

The site geology indicated by the inspection pit profiles shows that sandy clayey sub-soils 

range from a loose/firm becoming stiff/dense consistency to an approximate depth of 2 

meters below surface. The sub-soils are immediately underlain by very soft becoming soft 

rock sandstone, observed to be outcropping within the steam bed and with refusal 

encountered at approximately 2 meters depth beneath the stream banks. From surface 

mapping within the vicinity of the proposed bridge site, it is observed that the sandstone has 

a thickness of approximately 2 to 3 meters and is underlain by laminated shale bedrock. 

The refusal of the TLB at 2 meters depth within the stream banks on very soft becoming soft 

rock weathered sandstone indicates hard rock conditions at this depth. The proposed 

structural loads beneath the culverts and embankments should not exceed 100 kPa and could 

easily be accommodated on the weathered sandstone. 

However, due to the potential for destructive lateral forces caused by intermittent flooding, 

it is recommended that the foundations be socketed at least 300mm into the weathered 

bedrock, or dowelled into the bedrock with reinforcing bars. It was noted that the 

outcropping bedrock in the stream bed further downstream on the right flank had been 

eroded into an uneven surface and thus care will be required to ensure the majority of the 

foundation base is in contact with the solid bedrock. Allowance for site supervision is 

considered essential. 

It must be noted that the height and width of the bridge must take into account the 1:50 

year flood line and high water mark, making allowance for sufficient flood volume. 

Dental concrete may be used to fill the incised flow path within the stream floor and 

extended upstream approximately 4 meters so as to create level platform with which to place 

the circular or square concrete pipes. 

Under no circumstances should foundations be placed in the rubble/refuse fill or natural 

alluvium. 

Additional external flood damage prevention measures, such as gabion boxes, are 

recommended along the upstream abutments and reno mattresses as protective cladding 

along the downstream abutments and foundations to prevent under cutting and scouring. 

It is recommended that GCS Geotechnical inspect and approve all foundation excavations to 

confirm depth of founding, structural integrity of the base and bearing capacity of the 

underlying founding horizons. 
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9 CONCLUSIONS AND RECOMMENDATIONS 

This report contains the findings of a geotechnical investigation for the proposed bridge 

crossing at the Magdalena Mine near Dundee. 

The site is underlain by sandy clayey alluvium and sandy fill material to approximately 1.8 

meters, which is sharply underlain by highly weathered very soft to soft rock sandstone of 

the Vryheid Formation. Groundwater seepage was not encountered in any of the test pits to 

a maximum depth of 2.0 meters.  

Soft Excavation in terms of SABS 1200 DM is generally anticipated to at least 1.8 meters below 

existing ground level within the stream banks. Intermediate to hard excavation is expected 

below 1.8 meters where rock pecking, pneumatic assistance and even localized blasting may 

be required to reach foundation socket depths. It is recommended that all earthworks be 

carried out in accordance with SABS 1200 (current version) and that allowance be made for 

hard rock excavation of foundation sockets. 

One of the more important factors in the promotion of a stable site is the control and removal 

of surface water from the property. It is important that the design of the stormwater and 

floodwater management system allows for the drainage of accumulated surface water from 

the foundations and back into the natural drainage path. 

Competent weathered sandstone was encountered at 2 meters below ground level within the 

stream banks. The culvert structure may be founded on weathered sandstone, with 

foundation loads not exceeding 100 kPa. An additional socket depth of 300 mm minimum will 

be required for lateral stability purposes, or alternatively the foundations should be dowelled 

into the bedrock with suitably designed reinforcing bars.  

Additional surface flood damage prevention measures, such as gabion boxes and reno 

mattresses, are recommended at the abutment and foundation areas. 

Finally, the ground conditions described in this report refer specifically to those encountered 

at the test positions on the site. It is therefore possible that conditions at variance with those 

discussed above may be encountered elsewhere on the property. In this regard it is important 

that GCS Geotechnical carry out periodic inspections of the site during construction to ensure 

that any variation in the anticipated ground conditions can be assessed, and revised 

recommendations made to avoid unnecessary delays and expense. Furthermore it is 

important that the construction phase of the project be treated as an augmentation of the 

geotechnical investigation. 
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APPENDIX A  
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APPENDIX B 
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APPENDIX C 
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1 PHOTOGRAPHIC LOG

Client Name: Mr. Frank Talbot Site Location: Magdalena Mine Project No.: 15-891

Photo No.: 1 Date: 05/11/2015

Direction of Photo:

South-west

Description:

Facing upstream, showing cobbles and
boulders filling incised portion of stream
floor.

Incised portion approximately 1.0 m
depth.

Client Name: Mr. Frank Talbot Site Location: Magdalena Mine Project No.: 15-891

Photo No.: 2 Date: 05/11/2015

Direction of Photo:

South-west

Description:

Facing upstream showing both banks along the stream channel approximately
60.0 meters.



2 PHOTOGRAPHIC LOG

Client Name: Mr. Frank Talbot Site Location: Magdalena Mine Project No.: 15-891

Photo No.: 3 Date: 05/11/2015

Direction of Photo:

South-east

Description:

Facing the south-eastern bank showing a
portion of the incised sandstone
bedrock.

Client Name: Mr. Frank Talbot Site Location: Magdalena Mine Project No.: 15-891

Photo No.: 4 Date: 05/11/2015

Direction of Photo:

South-west

Description:

Downstream of the bridge site showing
the shale overlain by sandstone.



3                                                                                                                   PHOTOGRAPHIC LOG

Client Name: Mr. Frank Talbot Site Location: Magdalena Mine Project No.: 15-891

Photo No.: 5 Date: 05/11/2015

Direction of Photo:

North-east

Description:

Facing downstream showing the
sandstone outcrop within the stream
channel, and the current haul road
filling the stream channel downstream
of the proposed bridge position.

Client Name: Mr. Frank Talbot Site Location: Magdalena Mine Project No.: 15-891

Photo No.: 6 Date: 05/11/2015

Direction of Photo:

N/A

Description:

IP1 showing firm becoming stiff sandy
clayey alluvium underlain by sandstone
bedrock at 1.80 m.
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