Goksun: 38.0060°N, 36.5267°E, 6 m oblique, 4.5 m orthogonal
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Map showing site locations
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Figure 1 GE view of the Goksun measurement site showing the location of the oblique and orthogonal creepmeters relative to the surface rupture
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Figure 2 View along the aqueduct ccrushed by sinistrl slip on the fault. The 14 concrete sections (at ~9° oblique to the fault) were each driven into one other cumulatively by ≈80 cm and by an additional ≈20 cm into the foreground delivery/feeder well. The fields to the south and west are each 30-50 cm lower than the field on the north. 
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Figure 3 View southward 8 March 2023 along the track to the east of the Goksun extensometers, where vehicle trcks are offset ≈ 1.2 m 
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Figure 4 View along the surface rupture in Figure 2, from the track shown in Figure 3. The crushed aquaeduct can be seen approaching from the right. The angle difference between the bearings in the two scenes is 11°.  On the GE image it measures 9°.
[image: ]Figure 4. The Goksun creepmeter was installed across a track bordering the edge of a field to the NW of the concrete aqueduct.  The soil was devoid of rocks and reasonably well drained to the south.  The transmitter solar panel was sited to avoid being shaded by summer foliage. 
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Figure 5 Geometry of local fissures relative to positions of the oblique (March 2023) and orthogonal (December 2023) extensometers.  Slow opening occurs followed by closure of the fissures in a period of a few hours.  We know of no convincing tectonic explanation for sudden closure, since the strike of the fault suggests it should be in transtension given the slip vector to the east.
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Figure 6 The oblique extensometer recorded rapid and variable extension but reversed before a transmission failure in August 2023.  Extension resumed after a telemetry outage but reversed in drection during rain in November 2023. In December 2023 an orthogonal component was installed to investigate the relationship  between fissure opening and oblique slip. From the two components it is possible to calculate that cumulative sinistral slip is relatively modest (violet central trace <5 mm) compared to fissure widening (40 mm after July 2024). The relationship determined for 2024 suggests that it is probable that the 2023 oblique signal also records fissure widening of ~40 mm.  

[image: ] [image: ]

Views of orthogonal (left) and orthogonal-plus-oblique buried extensometers. Fissure highlighted by dashed lines in the right figure.

Inspection of the biaxial record from mid 2024 reveals that rapid dextral signals on the oblique component are associated wth rapid closure of the fissures measured by the orthogonal sensor, which is insiensitive to sinistral slip. The slow opening of the fissures followed by their rapid closure is currently unexplained, but local farming operations may be responsible. In this scenario, slow opening of the fissures over weeks may be related to dessication of the clays during the dry season, and closure of fissures over periods of 17, 8 and 41 hours, possibly related to irrigation , flooding of the fields, and expansion of clays bordering the track. No heavy rain occurred at this time

Tectonic mechanisms for the observed slow opening and rapid closing of fissures are possible but are considered unlikely.  One possibility, for example, is that local extensional strain occurs which widens a group of fissures and at some critical failure level one of the fissures abruptly deepens,  releasing the tensile strain in the flanks of this active fissure, and causing fissures in this "shadow" zone to relax. This scenario would require sub-parallel fissures of which we are unaware, and would require fissure deepening or extenson to occur over periods of hours.

The cumulative opening of the fissures, which exceeded 2 cm in 2024 and is inferred to have been similar in 2023, is also ambiguous.  We initally considered this tectonic .  However,  the gentle slope of 5 m in 1 km toward the river to the south may be sufficient to promote slumping and increased widening  of the coseismic fissures in the summer months. 
[image: ]
Figure 7 Profile normal to the coseismic rupture shown in Figure 1. The creepmeter location lies at the 1 km mark, and a small stream lies 500 m to the SE.

In June 2023, before the orthogonal data were available,  we noted that the oblique sensor was recording an unprecedented accelerating signal and entertained the notion that this signified tertiary creep preceding a local earthquake. An alert email was issued to colleagues, and a local M4 earthquake did indeed occur, but given our present interpretation of fissure widening and closing due to farming operations we consider this to have been a coincidence.
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