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Pace of degradation in streams within sandstone in a region with copper mines
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ABSTRACT

Within the Timna Valley, artefacts and additional evidence of early copper mining were discovered. There
are indications of mining through all its stages from man's first attempts to produce metals from the
white sandstone in the Chalcolithic period (3300-4500 BC), until production ceased in the Early Islamic
period at the end of the first millennium AD. At the height of mining (3400-2900 years ago), miners
excavated shafts tens of meters deep as well as tunnels using bronze chisels. Thousands of copper shafts
were excavated from a top river terraces into the copper-rich layers of the Amir and Evrona Formations.
This article focuses on the analysis of incision processes under hyper-arid conditions and on determining
incision rates within Timna Valley based on archaeological evidence from the ancient copper mines.
Within the Timna stream, incised in sandstone and fluvial alluvium, the quarried shafts and tunnels
exposed are mainly from the Egyptian period. The tunnels exhibit chisel excavation marks that indicate
that the excavation progressed from the surface towards the riverbed and not the the opposite direction
as initially assumed. Truncated shafts at the sides and bottom of the current riverbed indicate that they
were excavated prior to river incision to its current level. Based on these observations we conclude that
during the quarrying of the tunnels and shafts the streams were not yet incised and the excavations were
carried out from the surface which was at a higher elevation than at present. The current average annual
rainfall in Timna is 20 mm per year and most probably similar climatic conditions have prevailed for the
past thousands of years. High intensity floods, occurring once a year on average, are responsible for the

Keywords: river's incision. This article presents the findings of field work including locating the ancient quarries
Timna Valley exposed in the river beds. It can be inferred that maximum incision in the channels is 30 meters. The
Mining shafts copper average amount of incision along three channales that were measured is 10x13 meters and occurred after
River incision the mining activities. This indicates that the average incision rate is approximately four meters per one
Incision rate thousand years. This rate is very high compared to incision rates reported in literature. The reasons for this

are the soft bedrock (sandstone and fluvial alluvium), high intensity flooding in the hyper-arid desert and
the numerous underground tunnels and shafts.
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