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Figure 1. Schematic cross-section through part of a Qanat system; Excavation of a Qanat begins at the downhill end after a trial well
(right) has successfully tapped the uphill water table. W here the gradually sloping tunnel passes through zones of loose earth (left)
hoops of tile support the walls, but a tunnel generally lacks masonry except at the discharge point [1].

Figure 2. Example of a line of circular craters; Spoil from the excavation of the Qanat and from subsequent periods of maintenance
is piled around the vertical access shafts to provide a wall to protect the shafts and the tunnel below from erosional damage from

the inflow of water during a heavy desert rainstorm [1].

Before the tunnelers break through to the head
well, men at the surface hail it dry. The main gallery
taps eevated ground-waters beneath highlands and
allows water to flow underground to low-lying
agricultural regions, thus minimizing loss through
evaporation (Figure 1).

In most seismic regions, the earthquake faults
are located at the boundary of plains and mountains
where streams or Qanats provide water and fertile
soil for settlement and agriculture. As a result, it
seams that the earthquakes often exactly target the
human population centers. In some parts of Iran,
such as North Tabriz fault (Figure 3), and Dasht-e
Bayaz fault (Figure 4), theline of wells of the Qanat
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systems have been displaced by faulting, which lead
to dry Qanat stream and consequently to dig new
shafts by habitants. For examplein the case of Qanat
that was displaced by North Tabriz fault, new shafts
and canal (A in Figure 3) was dug after the older
canal (B in Figure 3) was offset right-laterally for
about 11.7m 0.5[2].

If we can date the age of Qanat wells displaced
by Earthquakes faults and measure the amount of
offset, we can estimate the fault dlip-rate, which is
an important factor for Earthquake hazard assess-
ment. The existing constraints on age of ancient
Qanats in Iran are circumstantial and are typically
assigned from archaeological investigations of
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Figure 3. The North Tabriz Fault has displaced the old Qanat
original position (i.e. the Qanat shaft) is 11.7 m. The new canal is
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tunnel (looking north). The distance between old canal and its
built where the old canal used to be (from Hessami et al. [2]).
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Figure 4. Arial photo of Qanats in the Nimbluk valley, taken after the 1968 Dasht-e Bayaz earthquake. The white box shows the

location of current sampling [4].

nearby habitation sites. The method of Qanat
construction and maintenance has remained almost
the same within last thousands of years. Vertical
shafts were dug and material removed from un-
derground during the construction or maintenance
of the tunnd, and spread around the shaft to form
the circular spoil heaps (up cast). This should have
happened during the day time. A proportion of the
grains in the spoil will have been reset by exposure
to sunlight, which makes it suitable for optically
stimulated luminescence dating.

This document explains the sampling site and the

JSEE/ Wol. 21, No. 1, 2019

dating method. It will explain why the attempt to
date spoils associated with Miam Qanat using quartz
single aliquot OSL procedures were much earlier
than expected, and how the quartz single grain
OSL procedures has tried to overcome this problem
and present the dlip rate of the fault.

2. Sampling Site

The Dasht-e Bayaz |eft-lateral strike-dlip fault in
east-northeast of Iran is an important feature within
the active tectonics of Iran. On theAugust 31, 1968,
the western 80 km of the left-lateral Dasht-e Bayaz
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fault was ruptured in an earthquake of Mw 7.1 that
killed an estimated 7000 to 12000 people [4]. The
Miam Qanats were first noted following the 1968
Dasht-e Bayaz earthquake. Detailed mapping of the
rupture was facilitated by a post-earthquake aerial
photographic survey [4], which also enabled the
identification of several separate generations of
Qanat (Figure 3).

In the thirty years following 1968, the region
has been subject to numerous further destructive
earthquakes, including four events of Mw 5.5-6,
four events of Mw 6-7, and a further two events of
Mw 7.1. Thefirst of thesetwo Mw 7.1 earthquakes,
the Khuli-Buniabad earthquake of the November
27,1979, ruptured the eastern 60 km of the Dasht-e
Bayaz fault. The second (the May 10, 1997 Zirkuh
earthquake) ruptured the north-south right-lateral
Abiz fault. Together, the sequence of destructive
earthquakes within 30 years at Dasht-e Bayaz forms
one of the most outstanding examples of clustered
large-magnitude seismic activity in the world (e.g.
Berberian et al. [5]; Berberian and Yeats [6]).
Determining the slip rate and recurrence interval
between large events on the Dasht-e Bayaz fault
is important in estimating the hazard posed by the
fault to local populations and also for the more
general issue of the clustering in time of large earth-
quake events.

The extreme antiquity of the oldest series of
Qanat mounds is inferred from their leve of pre-
servation, and also because they appear to be

displaced Ieft-laterally by 10 m across the Dasht-e
Bayaz fault, at a place where the 1968 displacement
was only 3 m (Figures 4 and 5). This observation
indicates that they have been displaced by multiple
earthquakes upon the fault. Modification of the land
surface around Miam during the past few decades
has eradicated most of the ancient Qanat wells.
However, it was possible to identify a short stretch
of four consecutive mounds and to locate these four
wdls in the fidd (Figures 5 and 6). Besides, the
displacement in field was measured, which suggested
10 mleft lateral is correct.

Short trenches were excavated through circular
spoil heaps (Figures 7 and 8). The central well
was not excavated, dating of which would simply
tell us when the Qanat was abandoned, but in-
stead focused on identifying the pre-construction
land surface as well as observing the main sedi-
mentary features of the spail. Log of the north wall
of the trench revealed four main sedimentary units.
A lower unit (palaeosol) was composed of hori-
zontally-bedded cobbles from which sample Ghl
was collected. This unit graded rapidly upwardsinto
athin, fine-grained, silty unit with a concentration of
cobbles at its upper surface (no samplewas collected
from this unit). We infer that these two lower units
represent the land surface immediately prior to
construction of the Qanat, with alluvial gravels
overlain by athininflationary palaeosol, with partially
developed desert armour at its surface.

The two upper sedimentary units exposed in the
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Figure 5. (a) Aerial photograph of the 1968 Dasht-e Bayaz earthquake ruptures (photograph is reproduced from Ambraseys and
Tchalenko [4]). The ruptures run east to west between the white arrows. Scale was calculated by overlaying high-resolution Quick-
bird imagery from Google Earth (http://earth.google.com/); (b) Map of drainage and Qanat systems displaced by faulting. A line of
ancient, heavily eroded, Qanat tunnels is apparently displaced by ~10 m across the fault (between points x and y). The second line
of ancient Qanats, which tracks across the southwest corner of the image, is also displaced by ~10 m at the fault [4]. The apparent
stream displacement of 43 m is probably not real, (c) Field photo showing ancient Qanat systems.
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