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Abstract

Geobotanical methods and application have a long heritage dating back centuries. Al-
though there were minor peaks in the publishing of geobotanical studies, by Scandina-
vian and Canadian researchers, in the 1940s and late 1940s to mid 1950s respectively, the
use of geobotanical methods only started to grow rapidly in the 1960s. This growth was
principally driven by the need of the Soviet Union to establish the mineral resources of
the state through a large scale programme of geological mapping (Brooks, 1972). While
geobotanical methods became established, although they are far from mainstream, in
mineral exploration their application in other geoscience fields has been limited. This
paper will explore the application of geobotany to mine water studies.

Geobotany is currently very rarely used in the field of groundwater exploration
due to the single discipline approach that is common in current practice. Geobotany,
which in this instance may be better referred to as hydrogeobotany or ecohydrogeology,
requires a holistic multi-disciplinary approach that draws not only on the disciplines
of hydrogeology and hydrology, but also botany, soil science and chemistry. The most
useful plants to the hydrogeologist are those whose presence or morphology can pro-
vide data about the hydrogeological setting. These indicator plants can be the source
of information about the depth to groundwater, fluctuations in groundwater levels and
groundwater chemistry.

The application of hydrogeobotany when integrated with conventional hydrogeo-
logical approaches has the potential to provide a valuable addition to conventional hy-
drogeological work flows. This paper will explore some of the concepts and the ap-
plications of hydrogeobotany as applied to mine water practice. For example: how it
is possible to distinguish between plants that can tolerate high levels of certain metals
(metallophyte) and plants that are wholly reliant on the presence of these metals (obli-
gate metallophytes); and how certain plants may be used as indicators of groundwater
depth or soil moisture conditions. The paper will conclude with some practical applica-
tions that can be readily applied to mine water studies.
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Introduction

The assessment of the impact of proposed
mining operations on groundwater is often
constrained by a lack of groundwater infor-
mation beyond the immediate footprint of
the proposed mine. So any information that
can help develop a conceptual model of the
hydrogeological regime is valuable.
Geobotanical methods have a long pedi-
gree in geological studies, in particular in
mineral exploration. Brooks (1972) reports
minor peaks in the publishing of geobotani-
cal studies, by Scandinavian and Canadian

researchers, in the 1940s and late 1940s to
mid 1950s respectively and that the use of
geobotanical methods only started to grow
rapidly in the 1960s. This later growth was
driven principally by large scale mapping
programmes in the Soviet Union that were
needed to establish the mineral resources of
the state (Brooks, 1972). While geobotanical
methods became established, although they
are far from mainstream, in mineral explo-
ration their application in other geoscience
fields has been limited.

In parallel to mineral exploration, or per-
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haps even preceding, it geobotany has played
a role in groundwater studies with the Ro-
man architect Vitruvius reporting on the use
of plants to locate water sources (Gwilt, 1826)
and the United States Geological Survey
(USGS) publishing a water supply paper on
the subject in the 1920s (USGS, 1927).

Geobotany in groundwater studies

While geobotany, or more aptly hydrogeobot-
any, in groundwater studies has clearly been
established for some time it is not a common-
ly applied tool in modern groundwater stud-
ies. It has gained more recent prominence
in Europe as a direct result of the European
Commission Water Framework Directive
2000/60/EC (European Commission, 2000),
which presents a requirement for a more ho-
listic consideration of the water environment
and impacts on ecological receptors as well as
on the chemical quality of the water, however
this ecohydrological approach has a focus on
understanding groundwater supported eco-
systems rather than using geobotanical meth-
ods as a tool for understanding groundwater.

Ecohydrological methods can however be
equally be applied to determining the nature
of the hydrogeological regime through appli-
cation of the hydrogeobotanical method. The
aim is to use plants to provide information
regarding the groundwater regime in terms
of depth to groundwater and or groundwater
quality. What indicators are useful will vary
depending on the environment, thought the
common theme should be for the hydrogeol-
ogist to observe the environment in a holistic
manner recording and taking note of floral
assemblages as much as they record informa-
tion relating to the geology or water features.

At the simplest level vegetation growth in
arid regions can often indicate groundwater
discharge zones as springs and oases (fig. 1
and 2), whereas in temperate regions the den-
sity of vegetation may indicate the depth to
groundwater and the range of groundwater
level fluctuation (fig. 3)

More subtly in tropical and subtropical
regions the absence of trees and bushes may
indicate the presence of calcrete horizons (fig.
4) indicative of differing soil conditions and
vadose zone processes.

Figure 1 Vegetation around springs and oasis as
indicators of groundwater discharge in arid regions
(after International Association of Hydrogeologists,
2016).

Figure 2 Vegetation supported by perineal spring
flow from a fracture conduit.

Figure 3 Vegetation density variation around a per-
ineal stream in an area of fluctuating groundwater
levels (after International Association of Hydroge-
ologists, 2016)

Figure 4 Tree growth controlled by the presence of
calcrete lenses (after International Association of
Hydrogeologists, 2016)
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Direct indicators

Some plants are very direct indicators of par-
ticular geochemical conditions in the soil, for
example the Alpine Pink (Viscaria Alpina)
is an indicator of the prescence of copper
(Brooks, 1972), hence the Viscaria Copper
Mine in Sweden, and Milk Vetch (Astragalus
spp) can be an indicator of selenium and ura-
nium (Brooks, 1972), whereas others such as
Couch Grass (Agropyron repens) typically in-
dicate shallow groundwater and Marsh Mari-
golds (Caltha palustris) in wetland areas can
be good indicator of a groundwater discharge
into a surface water body (Rosenberry et al,
2000).

In more arid areas, such as for example the
Sinai Desert, the height of a plant may also
provide information regarding the ground-
water regime. For example it is reported that
the Manna tree grows to a mature height of
approximately 1 m when groundwater is be-
tween 2 m and 5 m below ground level, but
only to around 0.5 m tall when groundwa-
ter levels are deeper than about 8 m (Lewis,
2012). Similar controls on tree height are seen
in eucalyptus (Bot, 2014) where maximum
heights of greater than 25 m were recorded
where groundwater depths were less than
5 m, but for example height was restricted
to approximately 16 m where groundwater
depths were greater than approximately 10 m
(Zolfaghar et al, 2014).

An understanding of the types of tree
present can also provide a constraint on the
depth to groundwater as part of the develop-
ment of a conceptual hydrogeological model.
A number of studies have been published
with regard to rooting depth (e.g. Stone and
Kalisz, 1991) and while rooting depth does
not necessarily indicate the depth to ground-
water few trees develop well established root
systems below the groundwater table. One re-
liable indicator of shallow groundwater is the
presence of Mesquite (Prosopis spp) (Verma et
al, 2015), native to the southern United States
and northeastern Mexico but introduced and
considered an invasive species in parts of Af-
rica, Asia, and Australia. Another example is
the Willow (Salix spp) which does not grow
where groundwater depths are greater than
approximately 3 m (Lewis, 2012).

Application

As outlined above the key is to establish what

are the indicators present in the area of study.

This may most readily be achieved through

liaison and ideally working with biologists

and ecologists familiar with the area and es-
tablishing the key indicators. The acquisition
of hydrogeobotanical data should then be
incorporated as part of reconnaissance and
groundwater mapping studies. The benefit
of such an approach was recognised by Tdth

(1966) who recommended the inclusion of

vegetation mapping as part of a groundwater

mapping study commenting that it was, for a

regional study, likely more cost effective than

drilling a small number of boreholes.
The following general workflow is advo-
cated:

o Establish indicator species and or assem-
blages for the area of interest;

o Incorporate vegetation mapping as part
of the hydrogeological mapping or recon-
naissance study;

o Formulate initial conceptual hydrogeo-
logical model constrained by the collated
data;

o Acquire additional data as required (e.g.
boreholes, spring surveys);

« Refine conceptual model and test using
available geobotanical data and results of
ecological surveys undertaken as part of
environmental and social impacts assess-
ment (ESIA) studies.

Conclusions

The application of hydrogeobotanical meth-
ods to groundwater investigations for mine
impact assessments in areas with limited or
no existing data has the potential to provide
a valuable addition to conventional hydro-
geological approaches. The use of hydrogeo-
botanical methods can facilitate the develop-
ment of better constrained hydrogeological
conceptual models at an earlier stage of study
in the absence of conventional hydrogeologi-
cal data acquired from drilling boreholes and
monitoring groundwater levels and quality.
In addition it may allow additional refine-
ment when combined with conventional hy-
drogeological data, or at least constrain our
conceptualisation of a groundwater system.

330

Wolkersdorfer, Ch.; Sartz, L.; Weber, A.; Burgess, J.; Tremblay, G. (Editors)



11th ICARD | IMWA | MWD Conference - “Risk to Opportunity”

References

Zolfaghar S, Villalobos-Vega R, Cleverly ] and
Eamus C (2014) The influence of depth-to-
groundwater on structure and productivity
of Eucalyptus woodlands. Australian Journal
of Botany, 62(5):428-437

Brooks RR (1972) Geobotany and biogeochem-
istry in mineral exploration. Harper & Row
Publishers, 290 pp

European Commission (2000) Directive
2000/60/EC of the European Parliament and
of the Council of 23 October 2000 establish-
ing a framework for Community action in the
field of water policy.

Gwilt ] (1826) The architecture of Marcus Vit-
ruvius Pollio in ten books. Translated from
the Latin. Prestley & Weale. 413 pp

International Association of Hydrogeologists
(2016) Ecosystem conservation and ground-
water. Strategic Overview Series. https://
iah.org/wp-content/uploads/2016/04 /1AH-
SOS-Ecosystem-Conservation-Groundwater-
9-Mar-2016.pdf

Lewis ] (2012) The application of ecohydrologi-
cal groundwater indicators to hydrogeologi-
cal conceptual models. Groundwater, 50(5),
pp.679-689

Rosenberry DO, Striegl RG and Hudson DC
(2000) Plants as indicators of focused
groundwater discharge to a northern Minne-
sota lake. Groundwater, 38(2), pp.296-303.

Stone EL, Kalisz PJ (1991) On the maximum
extent of tree roots. Forest Ecology and Man-
agement, 46, pp.59-102

T6th J (1966) Mapping and interpretation of
field phenomena for groundwater recon-
naissance in a prairie environment, Alberta,
Canada. Hydrological sciences Journal, 11(2),
pp.20-68.

United States Geological Survey, 1927. Plants
as indicators of groundwater. Water Supply
Paper 577, 95 pp

Verma R, Jayanti T, Vinoda SK, Shivappa, Gow-
da ANS (2015) Tree species as indicators of
ground water recharge and discharge. Inter-
national JOuranl of Engineering and Techni-
cal Research, 3(11), pp.127-135

Wolkersdorfer, Ch.; Sartz, L.; Weber, A.; Burgess, J.; Tremblay, G. (Editors) 331





