Supporting Document Conceptual Hydrogeological Cross-section PULA project

A brief description/overview of the data being described

The PULA Conceptual Hydrogeological Cross-section dataset contains a scaled, semi-quantitative hydrogeological cross-section of the Gaborone Catchment (Botswana) in a raster format at 600 dpi resolution, along with the cross-section geographic coordinates in a numerical format. The conceptual hydrogeological cross-section combines primary quantitative datasets (terrain elevation; geological units boundaries, and dip and strike; location of regional faults and dykes; water table elevation in boreholes; location of streams, dams and reservoirs) with qualitative conceptual interpretation (water table profile and hydraulic gradients; groundwater flow direction; groundwater recharge processes; groundwater-surface water interactions; surface run-off). The groundwater data (water table elevation) reflect average groundwater levels for the period 2016-2018, as reported by the Botswana Department of Water Affairs and the PULA project (Petros and Comte, 2021; see Table 1). The primary datasets were compiled, and for some groundwater level data, collected, by a team of scientists and students from the Botswana Department of Water Affairs, the Botswana International University of Science and Technology, and the University of Aberdeen. The same team perform the synthesis and analysis of the data and produced the conceptual model.

This scaled, data-based conceptual analysis was performed to understand the long-term response of groundwater to the 2016-2017 floods in terms of water level and basic physicochemical parameters, and any spatial variability in this response. The analysis was undertaken as part of the NERC-funded PULA project to evaluate the wider impacts of extreme rainfall and flooding on water quality across surface and groundwater bodies across a region with spatially variable physiographical characteristics (in particular geology, land use). The cross-section was selected in order to provide a continuous model of the catchment from its upstream boundary to its outlet, while encompassing the main catchment geological units and areas with existing hydrological information (monitored well fields, streams, and dams and reservoirs) and geophysical information.


Collection/Generation/Transformation Methods

The semi-quantitative conceptual cross-section was generated using the following workflow: (1) polyline transect selection; (2) extraction of the geographic coordinates of the extremities of each segment of the polyline transect; (3) topography extraction along the full polyline transect; (4) delineation of geological unit boundaries and regional faults at the surface; (5) extension of geological units and faults at depth; (6) location of surface water bodies; i.e. streams, reservoirs and dams; (7) projection of monitoring boreholes and delineation of water table; (8) water table interpolation across the cross-section; (9) interpretation and drawing of groundwater flow directions; (10) interpretation drawing of surface run-off, groundwater recharge, and groundwater-surface water interaction processes; and (11) raster image export at 600 dpi resolution.

Steps (1), (2) and (3) were performed using Google Earth Pro ver.7.3.4.8248 using available aerial photograph and satellite imagery (2022 Maxar Technology; 2022 CNES/Airbus; Landsat/Copernicus). The polyline transect was first selected using the Ruler/Path tool. Geographic coordinates (in WGS84 projection) of the extremities of each segment were extracted using the Placemark tool. The transect elevation profile was then generated and plotted using the ’show elevation profile’ tool. The scaled plot was extracted and vectorised in Inkscape ver.0.92.

Steps (4), (5) and (6) were performed based on the combination of Google Earth aerial imagery and the synthesis of several published geological maps (Table 1). Maps were georeferenced and reprojected in Google Earth Pro, which enabled (i) to delineate the boundaries of the hydrogeological units (after geological groupings in terms of aquifer productivity according to O’Dochartaigh, 2021) and regional faults intersecting the cross-section, and (ii) to report the points on the elevation profile in Inkscape. Information on strata dip and strike in the vicinity of the transect was further used to extrapolate the geological structure with depth including units dipping angles. Due to lack of information on the dipping angles of faults and dykes, they were both assumed vertical. In some instances, the location of geological boundaries and faults were readjusted to match the corresponding feature as observed on Google Earth high resolution aerial imagery. Alluvial formations, which are not mapped in the available geological maps, were directly delineated using the aerial imagery, and the average thickness of the alluvial deposits was compiled from borehole geological logs made available from the Botswana Department of Water Affairs (DWA). Extraction of the location of surface water bodies was performed using Google Earth aerial imagery.

Steps (7), (8) and (9) involved the projection on the transect of boreholes and wells located nearby, using the DWA monitoring borehole database and the groundwater data collected as part of the PULA project (Petros and Comte 2021; see Table 1). When several boreholes were located close to each other (well fields) and interested the same geological unit, the water levels were spatially and temporally averaged, and the water table depth was subsequently reported on the scaled cross-section in Inskcape. Groundwater levels were then interpolated across the domain, with constraints from hydraulic gradients consistent with aquifer productivity (i.e. lower/higher gradients in higher/lower productivity units, respectively). Finally groundwater flow directions were inferred from joint analysis of hydraulic gradients, geological structure, and groundwater stream recharge/discharge where the water table is close to or at the ground/river level.

Step (10) was completed from the joint analysis and interpretation of the water table profile (as interpolated above), of the water table timeseries the DWA monitoring dataset, and of the groundwater and water quality data collected as part of the PULA project (Comte et al. 2019; Petros and Comte 2021; see Table 1). 

Finally, in step (11), the vector image in Inkscape was exported as a raster image at 600 dpi resolution.

Table 1: Published primary maps and datasets used to construct the hydrogeological conceptual cross-section.
	Authors
	Date
	Map/dataset name
	Publisher

	K.C. Mathule, R.N. Mokgosi, A.G. Tembo
	Unspecified
	Pre-Kalahari geological map South Sheet, Scale 1:1,000,000.
	Republic of Botswana, Ministry of Mineral Energy and Water Affairs, Department of Geological Survey

	R.M. Key, 
D.I. Koosimile, H. Koketso
	1997
	The Pre-Kalahari Geological map  of the Republic of Botswana, Scale 1:1,500,000.
	Geological Survey Department, Lobatse

	R.M. Key, N. Ayers
	2000
	The 1998 edition of the National Map of Botswana. In: Mapeo,
R.B.M., Delvaux, D., Kampunzu, A.B., Wendorff, M. (Eds.), Special Issue Botswana.
	Journal of African Earth Sciences 30. pp. 427–451

	F. Franchi, R.B.M. Mapeo
	2019
	Evolution of an Archaean intracratonic basin: A review of the Transvaal Supergroup lithostratigraphy in Botswana.
	Earth-Science Reviews, 191, 273-290

	J.-C. Comte, J. Geris, F. Franchi
	2019
	Water resources quality data following extreme rainfall and floods in the Gaborone catchment, Upper Limpopo basin, Botswana.
	NERC Environmental Information Data Centre

	B.E. O’Dochartaigh 
	2021
	User Guide version 1.2: Africa groundwater atlas country hydrogeology maps.
	British Geological Survey, Nottingham, UK, 21pp. (OR/21/063) (Unpublished)

	A. Petros, J.-C. Comte 
	2021
	Groundwater monitoring data following 2016-2017 extreme rainfall and floods in the Gaborone catchment, Upper Limpopo basin, Botswana.
	NERC Environmental Information Data Centre




Nature and units of recorded values

Spatial units in the scaled conceptual cross-section are in meters for distance and elevation. Distances are locally referred from the Western end for the cross-section, and elevations are in absolute levels as provided by Google Earth. Geographic coordinate units for the cross-section location are in degree-minute-second (° ‘ “) as provided by Google Earth in the WGS84 projection system.


Quality control

Not applicable – use of available and already quality-controlled information.


Details of data structure

The dataset contains two data files, provided in csv and png format, respectively.

The data file containing the cross-section geographic coordinates was named PULA_Conceptual_Cross-section_coordinates.csv. Data were organised in 3 columns with the top row providing column information: the names of the points at the extremities of each of the cross-section segment (A-G); the point latitude (in degree-minute-second); and the point longitude (in degree-minute-second).

The image file of the conceptual cross-section itself was named PULA_Gaborone_catchment_conceptual_hydrogeological_cross-section.png. The file structure is this of a raster image dataset.

