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1

Background

Road-building materials meeting conventional specifications are scarce along much of the coastal
and inland areas of Mozambique and, in particular, in Inhambane Province. The non-availability of
good natural gravels for the construction of wearing courses has resulted in high maintenance costs
for unpaved roads and expensive options such as chemical and bituminous stabilisation of sand for
the construction of sealed roads in the province. The main locally available gravel material is calcrete,
which in the past was considered as marginal because it frequently does not meet traditional
specifications for road construction. However, calcrete has been used successfully elsewhere in the
region in similar situations where good roadbuilding materials are scarce. If calcrete deposits in the
province can be relatively easily located and appropriate specifications derived for their use, then this
will lead to more appropriate and extensive use of this material for road construction.
TRL, in collaboration with the Aministracao Nacionale de Estrades (ANE) and assisted by Hearn
Geoserve Ltd and Infra Africa was commissioned to undertake a study under the DFID/ANE-funded
Africa Community Access Programme (AFCAP). The main purposes of the project were to provide
guidance to ANE and the Inhambane provincial authorities on locating calcrete deposits and to
assess their properties in relation to existing technical specifications for their use in road
construction.

2

Purpose of this report

This report contains a summary of the objectives, presentations, discussions and outputs from the
workshop and associated field visit.
The workshop programme is given in Appendix A.

3

Workshop objectives and activities

The workshop described in this report was held to present the objectives, methodology and
outcomes of the project to practitioners in the road sector and to provide participants with an
opportunity to contribute to discussions on the project outputs and recommendations for future
work.
ANE staff from the four provinces (Inhambane, Sofala, Maputo, Zambezia and Gaza), where
significant deposits of calcrete occur attended the workshop, together with representatives from the
ANE and LEM materials testing laboratories.
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Presentations were made by the various members involved in the project and included a
presentation on the current use of calcretes in research projects in Mozambique, with opportunities
provided for questions and discussion.
The workshop activities also included a field visit to selected locations where calcretes had been
located.
An early draft of the project report was also distributed to the workshop participants.

4

Topics covered

A brief summary of the content of the presentations are give in this section of the report. The
workshop presentations are given in Appendix B and covered each of the main project areas as well
as providing an oversight of existing research projects in the road sector using calcareous materials.
The presentations covered the following main theme areas of the project:


Project objectives



Remote sensing using aerial photography and satellite imagery



Field prospecting



Mapping of potential deposits



Trial pitting and material sampling



GIS and database



Materials testing and specifications



Current road research projects in Mozambique using calcrete.

4.1

Project objectives

The project objectives can be summarised as follows:
•

Location (prospecting for) road-building material (calcretes) in Mozambique (Inhambane
province)

•

Testing and classification

•

Specifications for the use of calcretes in roadbuilding

Full details of the objectives and project deliverables are given in the Final Project Report.
4.2

Project activities

The main activities undertaken included:
•

Review of existing published information
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•

Examination of aerial photographs and geological, topographical and soil maps of the
province

•

Review of available information use satellite imaging (LANDSAT, SPOT, ASTER)

•

Survey of prospective sites using a calcrete probe and augering

•

Test pitting in prioritised areas

•

Sampling of materials

•

Testing of samples

•

Comparison of results with existing specifications

•

Revised maps showing possible sources of calcrete

•

Development of GIS and database

•

Reporting

The presentation on the objectives of the project also included an introduction to the various types
of calcretes and a brief reference to their mode of formation and occurrence in the region.
4.3

Remote sensing, field prospecting, GIS and database

These activities together comprised a major component of the project and were covered by two
presentations in the workshop.
The first of these presentations covered background information on the formation of calcrete and
experience from previous remote sensing studies undertaken in Sothern Africa, particularly in
Botswana and the typical field investigations used to locate calcareous materials. Photographs of the
typical types of calcrete were given and of the vegetation associated with these deposits of
calcareous. Not all calcareous material found in Inhambane is calcrete.
In the second presentation, details were given of the methodology used to detect deposits of
calcrete in Inhambane province. This began with a survey of existing calcrete borrow pits and
relating these to the indicators derived from aerial photographs and satellite imagery. The main
difference from the Botswana model is that in Inhambane, deposits of calcrete are not found in ‘pan’
areas, although they are often primarily associated with general low-lying areas, which can be
identified by examination of stereo pairs of aerial photographs and satellite imagery. Investigations
with a calcrete probe and an auger were used to detect the presence of calcrete.
Also presented was the outcome of the various phases of remote sensing and field surveys, which
enabled a geomorphological map to be prepared which also shows probable sources of calcrete
together with the identification of priority sites for further field investigations. The use of ASTER data
was a critical factor in identifying future areas to be investigated.
The GIS and database components of the project were also included in this presentation. The GIS
links the layers of the various location and other data for the deposits investigated and can be linked
to additional sources of information. The live link ensures that the latest data is available. Potential,
active and exhausted sites are included together with discounted sites that can be excluded from
future prospecting on the basis that no calcrete was located. Provision for the location of individual
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trial pits within a potential deposit is also included. Various material tests are included in the
database with a provision for additional tests to be added.
4.4

Trial test pitting and sampling

Two presentations covered the methodology used in testing pitting and sampling, which was
organised and supervised by ANE. Test pitting was done by labour which is a time-consuming
exercise with limitations on the depth of material that can be excavated safely. Due to time
constraints, it was possible to excavate just one pit at each of the priority areas identified from the
remote sensing activities. Samples of material were taken according to a previously agreed
methodology. The approximate lateral extent of the deposit was investigated up to an area of 200m
by 200m and to a depth of approximately 1.8m using the calcrete probe. Samples were bagged and
transported to the ANE and LEM laboratories for testing.
Photographs of the types of vegetation that occur on calcareous soils were presented and samples
of the plants circulated amongst the workshop participants.
4.5

Materials testing and specifications

This presentation covered the results of the material testing programme and existing specifications
for the use of calcrete in road construction. Three ‘identical’ samples of material were prepared
from each trial pit and one sample each dispatched to the LEM laboratory at Maputo, and the ANE
laboratories at Maxixe and Maputo. The quality of materials in calcrete borrow pits varies
significantly both laterally and with depth. Therefore, the results of tests from just one pit are
unreliable and additional pitting, sampling and testing is required for these locations. There were
additional problems related to the calibration of testing equipment and the different test methods
being used that further complicated interpretation of the test results. The results of the limited
testing undertaken were presented and discussed in relation to existing specifications together with
outline recommendations for their possible use in Mozambique. An example of a road construction
project in Botswana was also presented in which calcareous materials that did not meet
conventional specifications had been used for the construction of 300kms of sealed road crossing
the Kalahari to Namibia.
4.6

Road research projects using calcrete

Examples of ongoing research projects involving the use of calcareous materials in Mozambique
were presented. The presentation reiterated the lack of good quality materials in Inhambane that
meet conventional specifications materials. The research projects include the blending of sand with
calcrete, using calcrete for armouring of road base, the use of calcrete as a surfacing aggregate in
Otta seals and highlighted the need for long-term monitoring. D

5

Issues and questions raised in discussions

The outcome of the discussions which ensued during and subsequent to the presentations and
responses to questions raised are summarised below:


The difference between the different forms of calcium carbonate-bearing materials,
particularly limestone and calcrete was clearly an issue. In the context of calcrete formation,
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tertiary limestone was formed under the sea millions of year ago and provides a source of
the calcium carbonate which, in solution, indurates and precipitates in the host soil to form
calcrete.


The limestone and harder forms of calcrete were not tested in this project but these
materials have been used as roadbuilding material elsewhere and can provide a source.



Testing with dilute hydrochloric acid is used to detect calcium carbonate with which it reacts
(with obvious effervescence) to produce carbon dioxide. Commercially available swimming
pool acid from a local supermarket was used on site.



On the subject of vegetation that occurs in calcrete-bearing soils, the thorny plants found
can also amongst other vegetation but they are more abundant in calcareous soils.



The measurable thickness of the deposits found in this preliminary prospecting exercise was
limited to approximately 1.8 metres using the calcrete probe and augering and to 2 metres
in the trial pitting. This included the depth of overburden. The average depth of the calcrete
investigated was approximately one metre but the full depth (i.e. lower limit) of the calcrete
seams was not determined. The approximate minimum area of the deposit was determined
up to a maximum area of 200m x 200m using the probe. Subsequent trial pitting, sampling
and testing will be required in the usual prescribed way to determine the full extent, depth
and quality of the materials present.



The hardpan calcrete is usually found as hard layer in the upper layers of calcrete deposits
which, in Inhambane, are often associated with grey sand but an observation was made
from a presentation that a hard deposit was found at depth in an area of red sand. This
could be a limestone deposit or an older deposit of calcrete.



The GIS was still being developed at the time of the workshop but it was explained that the
development of the associated database will continue with the facility for additional data
being added by ANE.



The outcome of materials testing component of the project was clearly of some concern.
Within the time and resource constraints of the project, it was possible to sample from only
one trial pit in each of the areas which had been identified from the remote sensing and
surface surveys for priority investigation.



Material in calcrete borrow pits tend to vary in quality both in extent and with depth due
the mode of formation and a single sample can provide only a limited indication of the
material available. However, the results did raise questions about sampling sizes for testing,
the test methods being used and the calibration of testing equipment.



Specifications developed for the use of calcretes in the region were presented. It is clear that
the above issues with respect to testing will have important implications in deciding which
specifications should be used pending development of specifications for calcretes in
Mozambique. These are important issues that need to be resolved.



The final presentation was on ongoing research by ANE in Mozambique using calcareous
material. Of particular interest were the use of sand/calcretes blended material and the use
of calcretes as aggregate in Otta seals.
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6

Conclusions, Recommendations and Way forward

The results of the prospecting together with conclusions and recommendations are included in the
Final Project Report but are also presented here as information for the workshop participants who
may be involved in further prospecting activities in Inhambane or other provinces in Mozambique.
6.1
















Conclusions
Comparing ground and environmental conditions found at existing calcrete borrow areas in
Inhambane Province from stereo aerial photography and satellite imagery provides an
indication of similar conditions elsewhere.
The landform indicators used in Botswana were not generally applicable in Inhambane
Province.
Vegetation types associated with calcrete in other parts of Southern Africa also indicated a
presence of calcrete in Inhambane Province.
The calcrete probe and a hand auger were useful tools in confirming (or otherwise) the
presence of calcrete at the predicted locations.
Examination of satellite imagery using the known calcrete locations as control can be used to
identify common visual and spectral signatures to extrapolate the same conditions to other
areas for prospecting purposes.
The ASTER data was helpful in mapping low-lying areas with which calcrete deposits are
associated and can be extrapolated to other areas for prospecting purposes.
A preliminary Geomorphological and Calcareous Materials Map for Inhambane Province at
1:250,000 scale was produced.
A list of 48 calcareous locations (additional to the existing calcrete borrow areas) where
either remote sensing, surface probing investigations or outcrop gave rise to the
identification of calcareous materials.
16 sites were considered likely to be in situ Tertiary limestone, Tertiary calcareous sandstone
or Quaternary coralline materials (i.e. definitely not calcrete)
8 sites were considered likely to be calcrete based on the probe results, but were not
investigated with trial pits
5 sites were considered to be lacustrine limestone based on probe results and the published
outcrop pattern, but were not investigated with trial pits
6 sites were considered likely to be either calcrete or lacustrine limestone, based on surface
evidence, i.e. ‘outcrop’, but were not investigated by trial pits;
Of the 13 sites investigated by trial pits:
a) 10 yielded calcrete
b) 1 yielded what is considered to be Tertiary limestone, and
c) 2 yielded sand only.
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6.2

Recommendations and way forward

It is recommended that the following actions are taken in relation to the outcome of this study:
 Investigate further the proven calcrete deposits (i.e. the 8 out of the 10 positive trial pitting
investigations undertaken during this study). This will require the use of a back hoe to
excavate a greater number of pits at each location to a greater depth in order to determine
the quality and variability of the material in each case.
 Collect samples at each of these additional trial pits and carry out the tests previously
scheduled.
 Take samples from some of the borrow areas in the mapped Lacustrine Limestone between
Mabote and Tome and carry out the same tests on these for comparison.
 Undertake a trial pit investigate of the remaining 8 suspected calcrete locations and collect
samples for testing.
 Carry out a probing investigation of the 36 additional potential calcrete locations identified
from the Google Earth imagery and listed in the Final project Report.
 Use the ASTER imagery to assist in future campaigns for calcrete prospecting.
 Extend the methodology applied in this study to other Provinces where there is a potential
presence of calcrete. According to the rainfall map of Mozambique this would include Gaza,
Maputo and Tete Provinces.

7

Field visit

An important component of the workshop activities was a field visit that enabled workshop
participants to relate the remote sensing, prosp
ecting and sampling techniques presented at the workshop to the field conditions where calcrete
had been located.
Activities in the field included demonstrations and hands-on use of the calcrete probe and augering
techniques as well as an opportunity to observe typical plants that occur in areas with calcareous
soils.
It was also an opportunity to observe and handle samples of typical calcareous materials.
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APPENDIX A

Workshop Programme
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CALCRETE PROJECT WORKSHOP
Outline Programme
Thursday/Friday 14/15th March 2013
Vilanculos, Mozambique
Time
08.00 - 08.30
08.45

Subject
Arrivals/Registration
Opening

Presenter
Albino Novela
Provincial Director of
Public Works and
Housing
Nkululeko Leta

09.00

AFCAP

09.15

Background to project

Tony Greening

09.30

Introduction to remote sensing techniques

Gareth Hearn

10.00
10.45

Coffee / Tea break
Remote sensing for calcretes in Inhambane
province

Gareth Hearn

11.15

On-site surveying

11.45
12.15
12.30
14.00
15.00
15.30

Test results and specifications
Discussion
Lunch
Research on use of calcrete in Inhambane
Coffee / Tea
Summary

16.00

Closure

Friday 14 March
08.00 – 16.00

Site visit

Joana Guiuele
Francisco Menheche
Tony Greening

Kenneth Mukura
Tony Greening
Gareth Hearn
Eng Fernando Dabo
(ANE Delegado –
Inhambane Province)
Workshop Participants

13 | P a g e

APPENDIX B

Workshop Presentations
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The Africa Community Access Programme
by Nkululeko Leta
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Calcrete as a roadbuilding material
by Tony Greening
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Introduction to calcrete sources: Inhambane in a South African context
By Gareth Hearn
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Calcrete prospecting in Inhambane province:
Remote sensing and field Mapping
By Gareth Hearn
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Trabalho de campo realizado no ambito do estudo
By Joana Guiuele
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Calcrete project: Trial pit investigations in Mozambique
By Francisco Manheche
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Calcretes in road construction
by Tony Greening
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Mozambique AFCAP/RRIP research on use of calcrete in Inhambane province
by Kenneth Mukura
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