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Abstract

In crystalline basement regions of Africa, shallow weathered aquifers provide vital water resources for rural communities. To
quantify evidence of the behaviour of these shallow aquifers, groundwater levels were observed at a network of 65 boreholes within
the Romwe Catchment in southern Zimbabwe. Soil moisture was monitored at selected sites.

Groundwater hydrographs showed considerable spatial and temporal variation. Where the soil profile was freely draining,
groundwater levels typically responded within a few days of major rainstorms and large annual fluctuations in the water table of
up to 7 m were recorded. In areas where a thick clay layer exists, annual fluctuations were smaller and groundwater levels rose
more gradually in response to rainfall. In cultivated areas, vertical drainage was an important recharge mechanism. Groundwater
hydrographs typically have an exponential recession and, by the end of the dry season in the years studied, levels were close to
the base of the weathered aquifer. Variations in hydrograph response between years illustrate the importance of rainfall amount,

intensity and distribution on groundwater recharge.

Introduction

Crystalline basement aquifers are commonly classed as two
layer systems, with a shallow weathered layer overlying
fractured bedrock (Chilton and Foster, 1995). The frac-
tured bedrock is exploited by boreholes, typically 50-80 m
in depth and often cased in the weathered layer. The shal-
low weathered aquifers have traditionally been a vital
source of water for rural communities (Wright, 1992),
exploited by hand-dug wells, typically 1-1.2 m in diame-
ter. The depth of these wells is constrained by the depth
of weathering, which in southern Zimbabwe is often up to
15 m. Weathering is dependent on many factors, includ-
ing the texture and mineralogy of the underlying parent
rock, topography and climate. There may be significant
lateral variability both in the depth and the nature of the
weathering profile which in turn controls the depth to the
saturated zone and aquifer permeability.

In Zimbabwe, shallow weathered aquifers are currently
the focus of increased development for both domestic

water needs and small-scale irrigation (Lovell ez al., 1996).
Elsewhere in Africa, these aquifers may hold the key to
future resource development (Howard and Karundu,
1992). However, the relatively little quantitative evidence
of the long-term behaviour of these aquifers hampers eval-
uation of the sustainability of water supply schemes based
on such aquifers, and the appropriate development of
future groundwater exploitation. In particular, the
influence on aquifer recharge of variations in rainfall and
patterns of land use around water-points is unclear.
Natural resource management initiatives require an
improved understanding of aquifer and recharge charac-
teristics in areas where groundwater is important.

In this paper, characteristics of the observed ground-
water level fluctuations from a dense network of boreholes
in a small dryland catchment in southern Zimbabwe are
presented. The implications of these observations for man-
agement of groundwater resources in similar areas are con-
sidered.
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Materials and Methods
STUDY SITE

The description and instrumentation of the 4.6 km?
Romwe catchment, located in southern Zimbabwe, 86 km
south of Masvingo (20° 45’ S, 30° 46" E), is given by
Bromley ez al. (1999). Land use includes rainfed cultiva-
tion on the valley floor and miombo woodland on the sur-
rounding hillslopes (Fig. 1). Rainfall is strongly seasonal;
on average 84% is received in the summer rainy season
between November and March. Average annual rainfall at
Chendebvu Dam, 12 km from the catchment, was 585 mm
for the period 1952-93. The 1950s were generally wet, the
1960s relatively dry, the 1970s wet and the 1980s and early
1990s dry.

A series of basement complex gneisses underlies the
catchment. Folds, fractures and faults are widespread,
some of which are intruded by dolerite dykes. Major geo-
logical units are pyroxene gneiss (dark-coloured and rich
in ferro-magnesian minerals such as pyroxene, mica and
amphibole), quartzo feldspathic granulite (lighter-coloured
and composed mainly of feldspar and quartz) and between
these two extremes, leucocratic pyroxene gneiss.
Generally, the pyroxene gneisses are more easily weath-
ered and less resistant than the leucocratic pyroxene
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gneisses or quartzo-feldspathic granulites. The shallow
weathered aquifer occurs in the low-lying valley floor of
the catchment. The two most important soil types in this
zone are red clay soils associated with the pyroxene gneiss,
and grey duplex soils of sandy loams over sandy clay where
the leucocratic pyroxene gneiss crops out. The red clay
soils tend to be freely draining, while the grey duplex soils
are prone to the formation of a perched water table and
interflow in wet years.

GROUNDWATER LEVELS

Groundwater levels were measured at 65 observation bore-
holes located in and around the catchment (Fig. 1). Where
the leucocratic pyroxene gneiss occurs in the southern part
of the catchment (Bromley et al., 1999), depth to bedrock
at the boreholes averaged 7.0 m. On the northern side in
areas of pyroxene gneiss, average bedrock depth was 10.3
m. Groundwater levels were recorded weekly, with addi-
tional readings taken daily for 5 days after rainstorms
exceeding 20 mm. At some sites, monitoring commenced
in 1992, while at others it started in late 1993; thus,
depending on location, data are available for three or four
wet seasons.
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Fig. 1. Catchment geology and monitoring sites.

346



Ill: Groundwater recharge and recession in a shallow weathered aquifer

RAINFALL

Rainfall was measured at the study site from November
1993, and eventually encompassed 13 sites, including a tip-
ping-bucket raingauge installed at ground-level with an
anti-splash grid. Historical daily rainfall records dating
from 1953 were obtained for the Meteorological Depart-
ment rainfall station at Chendebvu Dam. All rainfall data
were corrected to equivalent ground level rainfall using
relationships determined at the study site between gauge
type, installation height and rainfall catch (Butterworth,
1997).

SOIL WATER MEASUREMENTS

In-situ soil water measurements were made using a neu-
tron probe (Didcot Instruments, UK) and other tech-
niques (Bromley et al., 1999). In this paper, reference is
made to measurements from a grid of 24 sites on the red
clay soils (Red sub-catchment), a grid of 23 sites on the
grey duplex soils (Grey sub-catchment) and a transect of
6 sites, again on red clay soils (Inselberg hillslope transect).
Along the inselberg hillslope transect shown in Fig. 2, both
soil and ground-water measurements were made at each
site, an access tube being located within 2 m of the obser-
vation borehole, Estimates of drainage from the grid of
sites on the red clay soils were available from analysis of
soil water content changes and soil hydraulic potential
profiles measured using tensiometers, using the Zero Flux
Plane method (Butterworth, 1997).
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Fig. 2. Monitoring sites along the inselberg hillslope transect.

Results and discussion
GROUNDWATER RECHARGE AND RECESSION

Considerable spatial variation in groundwater level
response was observed within the catchment. In the north-
ern part of the catchment where pyroxene gneisses pre-
dominate, and particularly towards the western end, levels
respond rapidly to rainfall within a few days of major rain-
storms. In the southern part of the catchment where leu-
cocratic gneisses occur, levels rise much more gradually.
Groundwater hydrographs from sites typical of these two
areas are shown in Fig. 3. At site G in the north-eastern
part of the catchment, groundwater levels rise much more
rapidly than at site K2 in the southern part of the catch-
ment. At site G, the red clay soils are relatively permeable
despite the high clay content, as a consequence of the well-
developed micro-granular soil structure. At site K2, a
thick sandy clay layer exists below the coarser surface soil
horizons. This layer, much less permeable, impedes
recharge of the weathered aquifer below. In wetter years,
a perched water table forms in the upper soil horizons
above the sandy clay layer and considerable interflow at the
interface results.
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Fig. 3. Groundwater level hydrographs at two sites a) observation
borehole G, b) observation borehole K2 and c) monthly rainfall
totals.
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