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Article history: Despite the occurrence of the second deadliest Indian Ocean tsunami triggered by the Makran zone
Received: 2023 March 18 fault system, our knowledge of the number of tsunamis throughout the Holocene remains limited.
Accepted: 2023 June 13 In this study, we reconstructed the sedimentary environments and identified palaeo-tsunami events
Available online: 2024 June 21 using deep-sea cores from the Gulf of Oman. We identified sedimentation trends and factors affecting
seabed sediment transport by tsunami events based on sedimentological parameters, foraminifera
Keywords: shell identification, magnetic susceptibility changes, and palaco-ocean current reconstructions. Our
Palaeo-seismic events results show that evidence of seabed sediment transport due to strong earthquakes in the Gulf of
Tsunami Oman differed over time and location. Palaeoenvironmental studies and historical tsunami events
Foraminifera suggest at least 5 significant submarine landslides over the last 2500 calendar years BP. The number
Makran Zone of events has dramatically increased during the last thousand years. According to our results and
Late Holocene historical data, at least 7 strong earthquakes occurred in the study area, and their traces are evident

in our marine cores. Given the expansion of cities on the southeast coast of Iran and the increased
number of earthquake events in the Makran zone, it is essential to adopt management plans to mitigate

against potential tsunami damage.

1. Introduction

Over the past few decades, urbanization and infrastructure natural hazards: 1) climate change and strong storms leading
development in the southeast region of Iran have increased coastal to flooding and coastal erosion, 2) relative sea level rise, and
vulnerability to natural hazards (Pourkerman et al., 2022). The 3) tsunamis.

Makran zone is particularly susceptible to 3 main categories of The Makran subduction zone is a seismic area that is prone to
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large earthquakes with magnitudes ranging from 8.5 to 8.8 (Frohling
and Szeliga, 2016). Since 1482, approximately 8 earthquakes with
a magnitude of more than 7 on the moment magnitude (Mw) scale
have occurred in the Makran zone (Byrne et al., 1992; Fig 1). The
last event occurred in 1946 with a magnitude of 8 to 8.3 Mw. As
a result, numerous studies have been conducted to evaluate the
socioeconomic impacts of tsunamis in the Makran zone (Payande
et al.,2015; Akbarpour Jannat et al., 2017; Honarmand et al., 2020;
Akbarpour Jannat, 2021).

The Oman Sea bed is characterized by a relatively narrow
continental plateau, steep continental slope, and deep valleys. Thick
sediments are deposited on the edge of the continental plateau,
which can move after a large earthquake and create a turbidity
current. Therefore, studying marine sediment archives can provide
insights into the mechanisms of sediment transport from the
source to the sedimentation area. Additionally, climate variability
and relative sea level changes can impact sediment deposition
in both shallow and deep-sea environments. Our knowledge of
palaeo-tsunamis throughout the Holocene period is limited. Thus,
understanding the mechanisms of deep-sea sedimentation and
identifying effective factors on depositional changes could help to
elucidate abrupt events.

This study aims to identify seismic effects on sediment
transportation and deposition in the Gulf of Oman deep sea
environment during the last 2500 years using sedimentological,

biological, and palaco-climatic analyses.

2. Research methodolgy

Two gravity sediment cores, OM15 and OM30, were collected
from the northern part of the Gulf of Oman during the Persian Gulf
and Gulf of Oman Studies (PG-GOOS) cruise in December 2012.
Magnetic susceptibility (MS) was measured at a 2 cm resolution,
and subsampling was carried out according to the procedure
described by Marriner and Morhange (2007). Wet sieving was
employed to separate the >2 mm and <63 pm fractions. Organic
matter (OM) and carbonate content were measured using loss-on-
ignition (LOI) at 550°C and 950°C, respectively (Heiri et al., 2001).
For biostratigraphy, sub-samples were oven-dried at 50°C for 12
hours. Foraminifera were then handpicked from the >125 um size
fractions and placed on palaeontological slides for identification and
counting (Marriner et al., 2005). The chronology was established
based on Miller’s (2010) age-depth model, using calibrated
210Pb dating for the first 20 cm and calibrated radiocarbon ages
for the levels at 65, 120.5 and 148.5 cm. Historical earthquake
data were obtained from the USGS database, and information
was extracted for earthquakes with a magnitude of more than 3.5

Mw and a distance of up to 250 km from the current shoreline
(Fig. 1).

3. Results

3.1. OM 30 core facies changes

The granulometry analyses showed that more than 94% of the
sediment in the core OM 30 core was mud. However, the highest
amount of sand was observed between 2200 and 1970 cal. yr BP,
based on the age-depth model (Figs. 2 and 3). These sand grains
were mostly made up of foraminifera shells, including Globigerina
rubra, Globigerina bulloides, Neogloboquadrina dutertrei and s
Cribrononion asiaticum (Fig. 4). While the abundance of the studied
parameters was not homogeneous throughout the core, several
oscillations were recorded. A positive correlation was observed
between foraminifera abundance and magnetic susceptibility
around 2100 cal. yr BP. Other significant changes were noted at
1970-1750, 1759-1880, 1750-1420, 1200-1100, 1000-200 cal. yr
BP and 200 to present.

3.2. OM 15 core facies changes

The core OM 15 mainly consisted of muddy sediment, ranging from
97.5 t0 99.2% since 1970 cal. yr BP. The most significant changes
in the sediment texture were observed between 2140 and 1970 cal.
yr BP, when the mud fraction fell to 76-78%. During this period,
gravel and sand attained 8.4% and 8.8%, respectively, comprising
bivalves, gastropods and snail shells (Fig. 5). Although the
sediment grain size did not show significant changes after 1970 cal.
yr BP, oscillations were recorded in the other studied parameters.
Therefore, the most notable changes in the studied parameters
were observed during 1970-1940, 1940-1700, 1700-1400, 1400-
1100 cal. yr BP and 200 to present. Based on the lithostratigraphy,
biostratigraphy, and MS, seven important facies were identified in
the studied cores: A (2300-1970), B (1970-1750), C (1750-1420),
D (1420-1270), E (1270-1120), F (1100-1700), G (700-200), and H
(200 to present; Fig. 3).

4. Discussion

Facies A corresponds to a period of increasing basin nutrient
abundance, probably due to aerosol import from the Sistan basin
and local cold water upwelling driven by strong N Levar winds
(Hamzeh et al., 2016; Amjadi et al., 2023). The presence of gravelly
layers in this facies may be the result of sediment transportation
from shallower waters following a seismic event. Concomitant
boulder deposition has been observed on the eastern coast of Oman,
supporting this interpretation (Hoffmann ez al., 2020).

Facies B is contemporaneous with a humid period characterized
by tropical storm dominance in the northern Arabian Sea (Amjadi
et al., 2023). During this time, marine productivity decreased due
to ocean current changes and reduced dust import to the Gulf of
Oman. Facies C and D were influenced by summer monsoon

intensity, resulting in upwelling along the eastern coast of Oman
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and a decrease in the depth of warm and saline outflow water from
the Persian Gulf (Pourkerman et al., 2023). As a result, foraminifera
abundance decreased significantly (Fig. 6).

Facies E corresponds to a period characterized by a tsunami
on the Chabahar coast (Shah-Hosseni et al., 2011) and a sudden
increase in boulder deposits on the eastern coast of Oman
(Hoffmann e al., 2020). Similar evidence was observed for
facies G and F. Finally, facies H represents an increase in summer
monsoon wind intensity and the impact of Persian Gulf water
outflow. When comparing our core’s granulometric data with
that of Lahijani ez al. (2019), we found that the abundance of the
sandy fraction increased concurrently with facies consistent with
seismic events.

Seismic data from 1920 to 2020 suggest that the number of
earthquake events with a magnitude greater than 3.5 Mw has
increased dramatically since 1980 in the western Makran zone
(Fig. 7). Maximum shallow focal depth earthquakes were recorded
between 2010 and 2017. The eastern part of the Makran zone
recorded the maximum shallow focal depths for the time intervals
1960-1980 and 2010-2020.

5. Conclusion

The late Holocene deep-sea sediment properties were influenced
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by various factors including climate changes, ocean currents and
seismic events. Sediment texture during the period of 2300 to
1270 cal. yr BP was mainly controlled by climate variability and
oceanographic currents. The facies analysis revealed that seismic
effects on the deep-sea sediments were observed during the periods
1200-1100, 900-750 and 400-200 cal. yr BP.

The occurrence of recent tsunamis in 1850, 1750, and 1940
suggests that the time period between tsunamis is getting shorter,
which could pose a serious hazard for the southern east coast of Iran.

Overall, the study provides insights into the complex interactions
between various environmental factors and their impact on deep-sea
sediment properties. The findings have important implications for
understanding past climate variability and for predicting potential
natural hazards in the future. Further research is needed to better

understand these interactions and their long-term consequences.
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