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Methods

1. Fieldwork

Our approach to study the past and present history of the Makran Holocene beaches was to search for natural transects, where beach sedimentary successions could be observed. We visited, logged and sampled two localities. The first transect, where we measured two logs (facies 1 to 6, logs B1 and B2), is a 400m long natural river cut through the longshore beach between Beris village and Lipar lake (hereafter referred to as “Beris Beach”) (Fig. 1). The second transect, where we measured eleven logs (facies A to G, logs K1 to K11), is a 4.5 km long man-made trench through the coastal plain near Konarak airport, within Chabahar Bay (Fig. 1). We studied the successions by describing the different facies encountered and their spatial (lateral) and chronological (vertical) relation with each other. Ultimately, we try to interpret these facies in terms of depositional setting, with the help of observations made on the current Makran coastal depositional system, in order to have an idea of the Holocene history of these beaches relative to the Holocene sea-level evolution. Additionally, we visited the strandplain within Pozm Bay, between Pozm and Gurdim villages (Fig. 1), where we sampled and dated beach ridges at several intervals in order to understand the amount of beach progradation in the bay. We also measured a topographic profile through the beach ridge succession with a hand-held GPS (vertical error: 20% of the measure (source: Garmin)) (supplementary table S1.2-3). Additional field pictures can be found in the data repository [1].

2. Dating 

At Pozm Bay, we sampled shells from within the abandoned beach ridges. We also sampled a beach ridge deposit situated as close as possible to the Holocene paleocliff for OSL dating. At Beris Beach, we sampled the oldest (most northern) part of the sandy beach for both radiocarbon and OSL, in order to get an idea on the timing of the start of beach deposition. The OSL sample was taken directly at the foot of the Holocene paleocliff, carved within Tertiary marls (see Fig. 3a and [1], Fig C_1.2).

Within the sedimentary logs, we sampled for both radiocarbon and OSL where we observed significant changes in facies in order to put timings on the events responsible for the changes. RN16-29 was sampled in life position. However, other samples could not be sampled in life position, due to the nature of the facies in which they were collected. Therefore, an overestimation of the real age of the deposit due to reworking is possible.

2.1 Radiocarbon dating

Aragonite shell samples were collected from the deposits for radiocarbon dating. We studied the samples in the lab with SEM secondary electron images and analyzed them with X-ray diffraction (XRD) in order to estimate their state of recrystallization. From the XRD spectra of the sample, we were able to determine if the aragonitic shell had been partially recrystallized to calcite. We added graphite as complementary material into the sample holder when not enough shell material was available (graphite peaks do not interfere with those of calcite or aragonite). A few samples (tagged RN15-…) were sent to Beta Analytics Inc. where they were prepared, bleached and analyzed with the traditional AMS counting method. The other samples (tagged RN16-...) were sent to the laboratory of ion beam physics, at the Eidgenössische Technische Hochschule Zürich (ETHZ), where they were treated and analyzed following the methods described by Hajdas [2]. Conventional ages were calibrated with Oxcal 4.2 [3] with the calibration curves IntCal 13 and Marine 13 [4], and a delta_R value of 236±31 years, as calculated using the website http://calib.org/marine/ based on local values [5,6]. Results are presented in Table 1. Additional measurements information, XRD results and SEM images of shells can be found in [1].

2.2 OSL dating

For OSL dating, we targeted sandy facies, poor in shell fragments and pebbles. Foreshore and shoreface facies are described as good dating targets for OSL, because complete bleaching prior to burial is likely [7,8]. Samples were taken by hammering a stainless steel tube into the sediment (tube dimensions: 4 cm diameter, 20cm length). In the lab, we removed the material that had been in contact with the light (~4 cm), and analyzed the unexposed internal part of the tube. We treated the samples with the usual preparation methods to isolate 90-150 µm quartz grains through sequential treatment with HCl, H2O2, sodium polytangstate density separation, Frantz magnetic separation and HF treatment.

The burial dose or equivalent dose (De) was determined by measuring the luminescence signals on 24 aliquots per sample (each aliquot contains ~100 grain) using the SAR protocol of Murray and Wintle [9]. We used the Risø TL/OSL-DA-20 reader at the Institute of Earth Surface Dynamics (University of Lausanne). Results were processed with the Analyst 4.31.7 software [10]. Each aliquot was evaluated according to the following acceptance criteria: recycling ratios at 10%, maximum test dose error at 10%, maximum recuperation at 10% of the natural signal and maximum paleodose error at 20%. Only 1 out of the 120 analyzed aliquots ended up being rejected. De values were assessed with the central age model [11]. The radioactive elements (U, Th, K and Rb), measured using ICPMS (from ActLabs, Canada), were used in order to calculate the environmental dose with the DRAC software [12]. The reliability of the protocol and zeroing of clock at the time of deposition was assessed with a dose-recovery test [13] on 4 representative samples. We exposed the samples to natural light for 48 continuous hours before measuring the natural signals (to check the residual dose). Additionally, after artificially bleaching the sample, we measured the recovery of an artificially given dose of 300 s (~36 Gy) using the same SAR protocol. Dose recovery ratios (recovered dose/ given dose) are 0.8 to 1.01. Results are presented in Table 2. More details on measurements and age calculations are presented in [1].

3. Calculation of Holocene uplift rates

To calculate mean uplift rates for small time scales such as the Holocene, knowledge of the altitude relative to mean sea level at which the sampled material was deposited is important in order to get a precise estimation of vertical displacement. For this, we use the method presented in Rovere et al. [14] combined to the general uplift formula of Lajoie [15]; 

	U = (E-RWL-e)/A
	(1)


where U is the mean uplift rate, E is the current elevation of the sample, RWL is the mean altitude relative to mean sea level at which the sample deposited, e is the eustatic correction (see Fig. 2) and A is the age. 

Based on the method of Rovere et al. [14], we estimated the upper limit (Ul), lower limit (Ll), indicative range (IR) and reference water level (RWL) of beach and lagoonal deposits of the Makran, which we use for uplift rate calculations. For beach deposits, a good sea-level marker is the interface between intertidal sediments and the eolian sand cap [16,17]. However, because it could not be identified in the field near the sampled material, we use the estimates proposed by Rovere et al. [14]. Details are provided in supplementary table S1.4.

We have adapted the uplift formula to account for the errors on the different terms in order to get minimum and maximum values of uplift, or uplift ranges (e.g., [18,19]). 

	Umin = [(E – ΔE) – Ul - e] / (A + ΔA)
	(2)

	Umax = [(E + ΔE) – Ll - e] / (A – ΔA)
	(3)


We know the errors on all terms, except for the eustatic curve, which we recognize is probably the most significant source of uncertainty (see section 3.3).
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