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Abstracts

[bookmark: _GoBack]There is no doubt that early humans inhabited the Arabian Plate with the abundance records of Palaeolithic archaeology. Recent palaeoenvironmental and hydrological studies show that the region was not always a dry arid land, and it had ecosystems that attracted faunas and mobile hunter-gatherers. For early humans to reach the Arabian Plate, there are two migratory models, Model A which is the northern route from Africa through Sanai towards North Arabia, and Model B which is from Afar Triangle crossing Bab Al-Mandab Strait to South Arabia. The two models have been presented and debated over the last decade, but the majority of studies support Model B. I compared both models with four data sets of geomorphologies, sea level, palaeohydrology and archaeology. The examined data suggested that hominins arrived in the Arabian Plate in humid interglacial periods of MIS 7, MIS 5 and MIS 3, which means during high sea level periods. This shows that palaeomigrations through the southern route would have been impossible and proves that different cultural migrations used the northern route of Model A. The palaeohydrological records correlate with archaeological records and suggest northern palaeohydrological corridors to the Arabian Plate. Both data when tested against geomorphological and sea level records showed that a coastal migration would not have been possible, and therefore challenge the theory that suggests coastal migrations of hominins.



Table of Contents:

1. Introduction: Research	4
1.1 Introduction to region	5
1.2 Statement of intent	6
2. Methodology	7
3. Literary review	9
3.1 Model A	11
3.2 Model B	12
4. Geomorphology	13
5. Sea Level	16
6. Palaeohydrology	19
7. Archaeology	22
8. Discussion	25

List of figures	29
References	47


[bookmark: _Hlk37784684]Early Humans’ Migration to the Arabian Plate: Investigating Two Models of Migration.
1. Introduction: 
The human population’s expansion in the world has a story, and it begins with the dispersal of our ancestors out of Africa. Hominins dispersal and migration are key topics in human evolutionary studies, because by studying their movements, we can understand how they lived and more. For instance, we can observe the impact climate change has had on them, and how the surrounding circumstances affected the way they moved and how these factors have shaped their populations (López, et al., 2015). But when it comes to the Arabian Plate, these two factors’ roles in human palaeomigrations are still understudied and are often missing. Academia in the past century participated in underestimating the value of Arabia in such studies for various reasons, for example, many researchers did not take Arabia ‘seriously’ because they viewed the area as an unchanging arid dryland (Groucutt & Petraglia, 2012, p. 113; Crassard, et al., 2018, p. 2; Boivin, et al., 2017, p. 220). Not only that, but some argued that Arabia’s geography was restricting hominins’ movements and therefore hominins could not migrate to it (Gibbard & Head, 2005, p. 306). Others saw the potentials of the region but faced limitations due to the gap in archaeological and palaeoenvironmental records (Groucutt & Petraglia, 2012, p. 113). Politics have played a major role in limiting the depth of knowledge gathered in those two fields as well. Despite all of that, very recent archaeological and palaeoenvironmental evidence found that early humans occupied the Arabian Plate repeatedly during different periods of the Pleistocene epoch (Al-Sharekh, et al., 2018, p. 802). It is now clear that the Arabian Plate played a major role in early humans’ evolution and palaeomigrations during that time (Crassard, et al., 2018). This was due to the Arabian Plate having a central position connecting Africa and Asia, and it affected early human evolution in many ways, such as putting them through extreme environmental adaptations (Groucutt & Petraglia, 2012, p. 122). But for humans to cross out of Africa towards Asia there are three potential routes, the Levantine Corridor and two other routes leading to the Arabian Plate (Ayala & Conde, 2018, p. 311). These two migratory routes are, Model A; the Northern route along the Nile Valley crossing Sanai towards North Saudi Arabia, and Model B; the Southern route from the Afar Triangle crossing Bab Al-Mandab strait towards Yemen (Ayala & Conde, 2018, p. 312). The map in Figure 1 shows the routes of both models, to and within the Arabian Plate. 
1.1 Introduction to region and used terminologies:
The Arabian Peninsula is a vast region consisting of seven modern countries: Kuwait, Saudi Arabia, Bahrain, United Arab Emirates, Qatar, Oman and Yemen. The region of the peninsula has a size of more than three million km2, with a topography ranging between highlands and lowlands. The Pleistocene cycles and events influenced major changes on the Arabian Plate, and the region did not look the way it does today. There was a misconception that three seas, the Red Sea, the Arabian Sea and the Persian Arabian Gulf, bordered the region and that their coastlines restricted hominins movements (Gibbard & Head, 2005, p. 306). However, many studies showed that this was not always the case and that the Gulf was not flooded with water until after the last maximum glaciation which makes the region be more like a plate rather than a peninsula. Also, for this research, it is problematic to describe the region as a peninsula because it implies a different, inaccurate or false, image about the geography and how early humans moved and interacted with the landscape back then. Therefore, the ‘Arabian Plate’ is a more appropriate name and term to describe the region during the Pleistocene epoch. 
Late discoveries challenged preconceived ideas of prehistoric Arabia being an unchanging arid dryland, or at least a passive margin (Groucutt & Petraglia, 2012, p. 114; Crassard, et al., 2018, p. 2; Boivin, et al., 2017, p. 220). For example, paleoenvironmental and Palaeohydrological studies identified numerous paleolakes and river drainage systems that cut through the Arabian Plate and the Gulf -locations shown in Figure 3- (Baily, et al., 2015, p. 677; Boivin, et al., 2017, p. 220; S.Breeze, et al., 2015, p. 99; Crassard, et al., 2018, p. 2). These discoveries affirm that there was great potential for the Arabian Plate to be an important player in human palaeomigrations and evolutionary studies, especially when taking into consideration that many studies concluded the region had ecosystems suitable for hominins habitation that were similar to East Africa (G.Parker & la, 2013, p. 293; Baily, et al., 2015, p. 677; Boivin, et al., 2017, p. 220; S.Breeze, et al., 2015, p. 99; Crassard, et al., 2018, p. 2).
Recent palaeoenvironmental and archaeological discoveries demonstrate repeated hominin occupations of the Arabian Plate, however, repeated occupation does not necessarily mean continuous, as it may be seasonal (Al-Sharekh, et al., 2018, p. 802; Ayala & Conde, 2018, p. 243). Having said that, it is important to point out that ‘migration’ and ‘dispersal’ are terms holding definitions that can be distinguished from one another. ‘Migration’ can be used to refer to seasonal or cyclical movements, while ‘dispersal’ describes permanent settlements of new territories (Ayala & Conde, 2018, p. 243). However, the term ‘migration’ was included in this research to represent both definitions. Furthermore, to avoid biases, the term ‘early humans’ in the title is to describe archaic and modern humans, because evidence found in the Arabian Plate can be associated with archaic humans rather than modern humans.
1.2 Statement of intent:
There are two hypotheses about early humans’ palaeomigrations to the Arabian Plate, which are referred to in this research as Model A and Model B. The idea of this research came to challenge and test these hypotheses and examine the migratory routes to Arabia. After extensive research, taking more than three years, I realised that both models were poorly reconstructed and barely compared. Studies also usually focus on one model without the other. Attempts of comparing routes are very minimal in their approach, and the majority of researchers use ‘out of Africa’ models that do not include the northern route to the Arabian Plate. Limited knowledge of the region was the most probable cause in the creation of this problem and lead to the neglect of Model A. Many studies confuse the northern route to Arabia with the Levantine’s corridor, and it is important to clarify that they are not the same. The Levantine’s corridor refers to migrations out of Africa to the Levantine, and obviously this does not apply to Model A which describes migrating eastwards to North Arabia. This paper’s mission is to reconstruct both routes utilizing an array of disciplines, making it one of the first studies that compares the two migratory routes to the Arabian Plate based on very recent data. Part of the mission is to also use the two migratory routes to investigate how humans arrived in the Arabian Plate specifically, not how they expanded to Asia. This research is important to understand how humans moved from Africa and occupied Arabia, what obstacles they faced, and which route is more logically possible. This paper aims to examine secondary records collected from different studies and test the two models by comparing them using the same data sets for both models. In addition, it aims to evaluate and reconstruct the routes of Model A within the Arabian Plate. This research is also an opportunity to test freshly produced data by recent studies to see how it can help with investigating the two models and whether or not it can change notions held in the field about them. The importance of this research is not only for academic purposes but is personal as well. I am a native of the region and want to investigate and present my own localized perspective on the matter. Not only that, but this research must use resources that include locals, because local knowledge is a very significant addition to such studies of the region.
2. Methodology:
Before the start of this research, knowledge about the region must be obtained. This includes the Arabian Plate’s geography, environment, and climate during different phases of the Pleistocene epoch. Integrated understanding and knowledge pertaining to the region is essential to understanding what attracted taxa and therefore the mobile hunters. It also helps answer and clear the uncertainties of how they moved to and within the region, what obstacles they faced on their way, and when all of that happened. I gathered information on the region and layered it on one map to view it collectively and observe how it all would be, and why. All of this was to help with reconstructing the two models’ routes later on, because without prior knowledge of the region this would not work. For the process of the research I was aiming to use resources in Arabic, but I found very few. I then tried to find studies that were made with the help of local specialists. I found several studies that included locals; their publications were studied and used in this research. From these studies, and others that are related to the subject of research, I extracted information and examined the records. The collected data was divided into four main categories to investigate and understand the region itself, and to help with reconstructing the routes and generating a comparison. These four data sets are: geomorphology, palaeohydrology, archaeology and sea level. Data that did not fit into any of the categories were taken into consideration. When the data sets became clear, I expanded the research to gather more information about each one of them, and collected further data based on the questions that I had. For the ‘geomorphology’ data set, I gathered and studied the tectonic geomorphology, the models of tectonic change, the topographic barriers, the coastal regions and the topographic complexity of East Africa -specially the Afar triangle- and the western side of the Arabian Plate. Maps of these features were collected, studied, and layered. Some were dismissed for the limited word count requirement of this research. After studying them carefully, the previous mentioned geomorphological studies will be discussed in an introduction of the data set. However, the topographic barriers, the coastal regions, and the topographic complexity are the actual data used for the migratory models in this research. For the second data set, I looked into GIS and palaeohydrological records of the region and searched for ancient river and paleolake locations and correlated them with the climate to understand when the river systems and the paleolakes were reactivated. Linking this with geomorphological records helps in understanding where the faunas probably moved and which route they likely took. To understand the regional archaeological record, I gathered and examined data regarding Palaeolithic Archaeology in Arabia. The data was examined to firstly find site locations, and to ask questions about them. For example, ‘How many are inlands and how many are coastal and why?’ ‘Which period -or MIS- can they relate to, humid or dry?’ ‘Can they relate to the palaeohydrological records and are there correlations?’ The last question is to understand the early human’s movements to and within Arabia. Not only that, but I examined the type of archaeology found, the technology of the stone tools, and how they can help in understanding the models. Does a specific type of technology tell us anything about cultural migrations? And how can the sites’ locations of this specific culture participate in understanding early human movements to the Arabian Plate? These questions were researched and lead to the study of all of the archaeological sites’ locations in the region in general, but also highlighting a specific culture to investigate. Human fossil evidence is very poor, with only one fossil found. The fossil is still worth mentioning because it adds to the investigation’s findings. Sea level is as important as any of these data sets; therefore, an investigation of the glacial-interglacial periods and how it affected the world’s sea level was also conducted. I investigated the sea level of the Red Sea basin by Sanai, Gulf of Aqaba, and Bab Al-Mandab Strait. This will help in understanding hominins’ occupation history of the Red Sea coastline, and their movements to the Plate. It is also important to test this against the other data sets to form an overall understanding of the models. In this sense, maps of archaeological site locations were gathered, layered with palaeohydrological evidence, and tested against evidence of climate conditions. This is to see when and where hominins occupied Arabia. The result is then tested against sea level records. Did hominins occupy Arabia in humid high sea level periods? What could this tell us about the routes of migration, could they have moved through Bab Al-Mandab Strait? During these periods, how could the topographic complexity restrict their movements, and which route would they have possibly taken? After examining all of these questions and relating data, I examined two major migration hypotheses that study human movement. The hypotheses are: 1- Migrating coastally. 2- Migrating inland or by river margins. These two hypotheses with further data collected from different disciplines helped me in constructing the two models of migration to the Arabian Plate starting with an empty map, drawing
 out the routes while taking every detail they offered into consideration. The same data sets were then used to compare and test the two models of migration, and see which model is more plausible.
3. Literary review
There are many migration theories out there, and researchers debate the factors that influenced early humans’ migration. They suggest reasons such as climate change, searching for fresh water, following carnivores and herbivores for hunting purposes, curiosity, etc. (Fleagle, et al., 2010, p. 9). Many theories of palaeomigrations highlight the relation of hominins with water, the Human Dispersal and Species Movement book discusses this subject (Crassard, et al., 2017). Rémy Crassard et la., the writers of the book, have long studied the role of the Arabian Plate in palaeomigrations, and their book includes theories of hominins’ migration. The book has a full chapter dedicated to migration theories that suggest a maritime dispersal of hominins (Crassard, et al., 2017, pp. 165-237). This publication is one of the main books that are being used as a primary source of this research to understand human movements. The studies suggest that hominins moved by river streams and/or coastally. One study called Coasting out of Africa by Chris Stringer was the drive of these hypotheses, where he examined human fossils and other evidence locations (Stringer, 2000). He found that humans were living along the African coast of the Red Sea and other coastal areas and concluded that hominins migrated coastally (Stringer, 2000). Crassard et la., agree with him and presented evidence that suggests an evolutionary adaptation to coastal areas. The evidence shows that hominin brains could not function efficiently without some nutritional sources found in aquatic plants and animals like DHA, selenium, and iodine (Crassad, et al., 2017, p. 170). This could mean that hominins migrated coastally, and that they had cultural coastal adaptations (Crassard, et al., 2018, p. 1; Crassad, et al., 2017, p. 170). Crassard et la. also suggest humans migrating inlands by river streams. Of course, the availability of fresh water is essential for the survival of humans and the faunal populations that humans were interested in. Now that we know that the Arabian Plate offered both, fresh water and coastal lines, these theories helped in building the two models’ routes with confidence. This means that each model shows both coastal and inland migration, with not a single suggested way of each one. Bearing in mind that human migrated rapidly in single and multiple waves (Crassard, et al., 2018, p. 1).
For the bulk of this research I relied on publications related to DISPERSE and PALAEODESERTS, two initiatives studying the Arabian Plate’s prehistory (Petraglia, 2019, p. 677). They launched their projects Green Arabia and Blue Arabia that focus on the Arabian Plate’s inland and coastal environments, and hominins dispersals during the Pleistocene epoch (Petraglia, 2019, p. 667). They described the projects with the following:
The DISPERSE project, first initiated in 2011, aims to understand how Pleistocene hominins utilized the Red Sea coastal margins, and how geological instabilities resulting from active tectonics, volcanism and sea-level change, both conditioned human populations and differentially preserved the archaeological record. The PALAEODESERTS project, formerly initiated in 2012, aims to understand the relationship between climate change and hominin population history across the mainland of the Arabian Peninsula.
(Petraglia, 2019, p. 667)
Two main reasons were the drive behind choosing their publications; first, they are primarily focused on the region and have applied different methods and techniques based on several scientific, theoretical, and field studies. Second, their teams and researchers include local scientists and specialists that contributed to these publications, such as Dr. Abdullah Alsharekh, a well-known Saudi Palaeolithic Archaeologist. As previously stated, local knowledge is important when trying to understand the region, and I would like to add it to my approach. Most of their studies are recent, which means their data is up to date. Examining and testing the models under the latest evidence more adequately clears any past misconceptions and presents a more robust challenge to hypotheses.
3.1 Model A
[bookmark: m_-1974827378613358334__Hlk47057891]Model A is the northern migratory route to the Arabian Plate. It suggests hominins exited Africa towards Arabia by going along the Nile Valley to Sanai, then crossing the area between the Gulf of Aqaba and the Dead Sea by going eastwards to North Saudi Arabia. They could have also done this by moving coastally along the Red Sea to the coast of Sanai and then the western coast to Saudi (Figure 5). It was hard to trace back the history of this model, because it was often mixed with the Levantine Corridor (Alsharekh, et al., 2012). As mentioned, they are not the same, and in the past, researchers did not see any potential for a route to the northern Arabian Plate because of the geography and the aridity of North Saudi (Gibbard & Head, 2005, p. 306). A description of it as a separate model was never mentioned without tying it with the Levantine Corridor, however, now there are studies that offer more about it. A study published in 2015 conducted by Michael D. Petraglia1 & Abdullah Alsharekh, called The Middle Palaeolithic of Arabia: Implications for modern human origins, behaviour and dispersals had an attempt of reconstructing both models of the Arabian Plate, showing the evolution of separating Model A from the Levantine Corridor (Figure 6) (Alsharekh & Petraglia, 2015). They based their studies on archaeological distributions and locations, and as they stated:
The Red Sea margin sites may relate to northward expansion of human populations. A second possibility is that the Red Sea sites may represent the spread of populations moving southwards. Evidence for sites along the Arabian Sea margin may represent the dispersal of populations expanding eastwards, moving along shorelines themselves, or possibly employing boats, as inferred for the colonization of Australia by 60 000 BP.
[bookmark: m_-1974827378613358334__Hlk47057915](Alsharekh & Petraglia, 2015, p. 681)
As previously mentioned, both projects Green Arabia and Blue Arabia have considered mixed migratory models, with Blue Arabia focusing more on coastal migrations and Green Arabia on inland settings and interior movements. Both projects support the vision of Model A and Model B routes to the Arabian Plate, and they constructed Model A routes that look somewhat similar to mine (Figure 5, Figure 7). The main argument that suggests this route is more logical is that the Arabian Plate is directly connected to Africa, and the close archaeological sites of the Levantine only provide proof of a northbound migration. Moreover, a study made in 2016 used palaeohydrological record to suggest palaeohydrological corridors to the Middle East (S.Breeze, et al., 2016). This particular study mapped ancient rivers and paleolakes of Northern Arabia, where they suggest a northern model to the Arabian Plate through two corridors; Tabuk Corridor and Azraq Corridor (S.Breeze, et al., 2016). The study’s argued that hominins had terrestrial migration by following river systems and residing by lakes, which by that they mapped the possible routes to North Arabia by examining he palaeohydrological record of the region as well as the archaeological records (S.Breeze, et al., 2016).
3.1 Model B
[bookmark: _Hlk47118023][bookmark: _Hlk47118304][bookmark: _Hlk47196498]Model B is the southern route from the Afar Triangle crossing Bab Al-Mandab strait to southern Arabia in Yemen (Figure 1) (Ayala & Conde, 2018, p. 314). The history of this Model goes back to the 1950’s, when the famous archaeologist Gertrude Caton Thompson published a paper called Some Palaeoliths from South Arabia about early stone tools she discovered in Yemen (Caton-Thompson, 1954, p. 189). The excavation took place in Hadhramaut between November 1937 and March 1938, when G. Thompson and the geologist Elinor Gardner found what we know today as Levallois stone tools (Caton-Thompson, 1954, p. 189). They were the first to discover an early prehistoric human presence in the Arabian Plate and the paper that was published in 1954, G. Thompson gave the first clues for researches to investigate how humans moved to the Arabian Plate (Crassard, 2009, p. 152). Years after this discovery, archaeologists found Oldowan and Acheulean sites in Yemen that are close to the coast of Bab Al-Mandab (Petraglia, 2003, p. 142). Researchers began to develop the idea of another route and used those findings to suggest a southern migratory route through Bab Al-Mandab. Surprisingly, the southern route is the one that stuck with the Arabian Plate longer, even though that the path does not connect the two continents directly together (Alsharekh & Petraglia, 2015). In 2011, a study by Ernesto Abbate and Mario Sagri proposed this Model, and described the route from the Afar Triangle to Yemen (Abbate & Sagri, 2011; Ayala & Conde, 2018, p. 314). Their argument was in the favour of this model and they compared it to two models from Africa to Europe, Sicily Channel model and Strait of Gibraltar model (Abbate & Sagri, 2011). They concluded that this model and the other two models were probably exploited by hominins in Early Pleistocene and during glacial periods of the Pleistocene when the sea level was a lot lower than present (Abbate & Sagri, 2011). They also suggested that the strait was narrower than it is today, because the tectonic separation that formed the Red Sea occurred in a rate of 3-5 mm/year and that the width of the strait would not be more than 4 km during the Pleistocene. Many other studies before and after this one seem to have a similar vision, like the one mentioned earlier done by Michael D. Petraglia1 & Abdullah Alsharekh in 2015 (Figure 6) (Alsharekh & Petraglia, 2015, p. 681). Not to mention the role of DISPERSE and PALAEODESERTS took to investigate the routes and reconstruct them, they presented their vision of Model B as shown in (Figure 9) (Petraglia, 2019, p. 676). We can witness the evolution of the idea of both models and that now the routes are currently reconstructed to include inland paths as well and not limited to coastal paths anymore (Petraglia, 2019, p. 676). 
4.      Geomorphology
This study was conducted to understand the changes in the landscape morphology of the Arabian Plate, and the effect of the physical landscape on species’ activities. Of course, this is mainly to understand human movements between the two continents and the obstacles they faced and to see the passable and impassable routes. This includes looking into the geographic chronology of the Arabian Plate and the coastlines bordering the region, as well as the Afar Triangle and Sanai Peninsula. In addition, this is also to take a look at the topographic features like hills, mountains, and valleys, and how each has contributed in shaping human movements leading in to the region.
[bookmark: m_3385701665463415072__Hlk47210559][bookmark: m_3385701665463415072__Hlk47229600][bookmark: m_3385701665463415072__Hlk47310582]The Arabian Plate is a tectonic plate that consists of an area covering more than five million square kilometers. It is bordered from the east by the Indian Plate, west by the African Plate, and south with the Somali Plate (Figure 10) (Edgell, 2006, p.29). A split of the Arabian Plate from the Horn of Africa happened between the Eocene and the Oligocene epochs that occurred approximately 25 million years ago, in which the subsequent rift movements resulted in the formation of the Red Sea (Edgell, 2006, p.29). The split exposed the Arabian-Nubian Shield, and the Afar Triple Junction caused the formation of the Afar Triangle depression (Bailey & King, 2011, p. 1546). The Afar Triangle today is shared between Eretria, Djibouti, Somalia, and Ethiopia, with an area measuring at approximately 180,000 km2 (Corti, et al., 2015, p. 251). The Triangle is the only area where the final stage of the continental split can be observed, and it is famous for its extremely hot weather (Corti, et al., 2015, p. 251). Within the Afar Triangle is a slow rift rating at 1–2 cm/year that is causing the earth’s crust to rift in each of the Triangle’s sides (Mohriak & Leroy, 2013, p. 502). Rifting caused major changes in the region that can be observed today, an example is the Awash site of the Afar Triangle in Ethiopia. The site shows a scale of changes ranging between 5 million years ago and present day when comparing the current active rift to the Awash River margin (Figure 12) (Bailey & King, 2011, p. 1542). As shown in Figure 12, the Awash site is opening and its topography is becoming rougher than the past 5 million years. If we also count the rift rate and multiply it with the number of years of rifting, then we can estimate the total area expanded at approximately 100 km to date. The Afar Triangle’s depression has a floor of basalt and lava, and an active volcano called Dabbahu Volcano (Sani, et al., 2017, p. 341). It also has a rare active basaltic lava lake named Erta Ale that is located on the Ethiopian side of the Triangle (Figure 13) (Sani, et al., 2017, p. 341). This means that the Afar Triangle is a highly active volcanic region and very rich with basalt. The Afar Triangle has a unique geological setting; a full description of its geologic overview and the location of the lower Awash Valley during the Plio-Pleistocene is shown in Figure 14 (Campisano, 2011, p. 348). The Triangle consists of a complex topography and it is surrounded with highly elevated areas (Figure 15) (Corti, et al., 2015, p. 251). The region’s elevation drops from 1000 m above sea level in the south to the lowest measured sub-aerial point of Africa in the east, at the shores of Lake Asal – or Lac Assal in Djibouti, at approximately 155 m below sea level (Corti, et al., 2015, p. 251). The Danakil depression in the north is also an area that is 125 m below sea level, which makes it one of the lowest places on Earth, it is also worth mentioning that it is recorded to be the hottest place on the planet all throughout the year (Corti, et al., 2015, p. 252). The eastern edge of the Afar Triangle has an elevated area before the coastline called Danakil Block, which consists of highlands that are about 400 m above sea level.
[bookmark: m_3385701665463415072__Hlk47364744][bookmark: m_3385701665463415072__Hlk47364652]On the opposite side of the Afar Triangle are the western Arabian Plate and the southern side of West Yemen, in which the geological overview shows a relation to the area surrounding Afar Triangle. The chronostratigraphy map seen in Figure 16 shows important evidence of the connection between the two regions and the tectonic split. The topographic features of this side of Yemen are of importance to understand the barriers and possible paths of Model B (Bailey & King, 2011, p. 1533). The coastal plain region on the western side of the Arabian Plate extends from Tihama, which is the coastal plain adjacent to the Red Sea between the provinces of Hijaz and Yemen (Zahran, 2010, p. 189). The coast passes through to the southern coasts of Aden, Hadramawt, and Mahra. It also has a varied landscape including several hills and mountains, the Tihama plains, Abyan, Mayfa'a, and the eastern coastal plain in Al-Mahrah Governorate. The western side of Arabia consists of mountain highlands and the mountainous region is the largest geographical region of Yemen, as it extends from the far northwestern borders of the country to the southeastern borders (Edgell, 2006, p. 450). The mountains on the western side opposing Afar Triangle are the highest in the Arabian Plate at a height of 2000 m (Edgell, 2006, p. 450). Some of these mountains’ peaks measure at 3500 m, with the highest of these peaks being the summit of the Prophet Shuaib Mountain (Edgell, 2006, p. 450). Along the mountain of Hejaz to the west, and almost parallel to it, is the high mountain of Shadda (Edgell, 2006, p. 450). This mountain is about 2200 m above sea level, its highlands mainly consist of basalt rock, and several valleys descend from it (Figure 17) (Edgell, 2006, p. 450). It has been found that the reason for the emergence of the Shadda mountain was due to the movement of the raising of the Arab Shield millions of years ago, as the region formed from the transitional areas formed between the shores of the Red Sea and the highlands of Sarawat (Edgell, 2006, p. 29). The Arabian Plate also consists of plateau regions extending in the western Arabian Plate (Edgell, 2006, p. 430). The plateau is located to the southeast of the Hisma plateau and stretches from the Al-Tabeeq Mountains to the north, bordering Tabuk, and expands more towards the Empty Quarter (Edgell, 2006, p. 430). This shows that the topography of the western side of the Arabian Plate is very rough, and that the mountains are bordering the Red Sea and Gulf of Aqaba. Figure 18 shows how the topography gets smoother moving to the northeast of the Arabian Plate towards Kuwait and that the elevation gets closer to sea level.
The topography of the Sanai Peninsula is as important as the Afar region to study, because its features can be taken as clues for us to understand human movements in the north. The Sinai Peninsula is part of the frontal area of the Great Arab Shield, and the rocks of this shield appear in the south and a regional tendency toward the north which is followed by a cover of sedimentary rocks (Edgell, 2006, p. 32). The Sinai Peninsula is divided into three natural regions arranged as follows from the north to the south: plain region in the north, plateau region in the center, and highland region in the south. The mountain region occupies a third of Sanai, which is in the narrow south between the Gulf of Suez and Aqaba, and it can be divided into three main sectors: the coast of the Gulf of Suez, coast of the Aqaba Gulf, and a mountain block. In this mountainous region there are many mountains with high altitudes, the most prominent of which is Mount Catherine, which reaches a height of 2640 meters above sea level. The topographic roughness can be observed in the south in Figure 16 and 17, showing clear evidence of the split that caused the Gulf of Aqaba to form. A depression called Al-Jafr can offer a pathway to the Arabian Plate after crossing Sanai, but evidence shows that it was probably filled with water during humid periods Figure 17.
5.      Sea Level
The Red Sea has a prominent role in human dispersal studies and investigating the sea’s coastlines is one way to understand human activities and movements. The Red Sea is a fault-controlled depression and its size from Bab Al-Mandab to Gulf of Aqaba measures up to an approximate 2000 km (Mohriak & Leroy, 2013, p. 505). The sea is widening each year as a result of tectonic movements, as the Arabian Plate has been moving northward by a rate of 15-20 mm/year since the split (Edgell, 2006, p. 32). Between 50 and 2.6 million years ago, Bab Al-Mandab strait closed on the Red Sea and caused it to evaporate and decrease in size. This occurred after the eruptions of the Mayyun Island, which covered the strait with lava during the Tertiary to the beginning of the Quaternary and resulted in the formation of thick deposits of salt (Figure 11) (Edgell, 2006, p. 32; N. Bailey, et al., 2007, p. 133). The coastline of the western part of the Arabian Plate is about 7000 km in length, and the width of the Red Sea is 30 km including its islands (Groucutt & Petraglia, 2012, p. 114). The Bab Al-Mandab strait is 50 km in length, 26 km in width, -186 m deep, and it is located between the Red Sea in the north and the Gulf of Eden in the south. The islands in the Red Sea are central grounds, which makes out water crossing to measure at a maximum of 18 km (Groucutt & Petraglia, 2012, p. 114). During the Pleistocene era, the sea level was exposed to several vibrations, which had clear effects on the surrounding coasts. The numbers of high terraces and high beaches often reflected the number of these changes. As mentioned earlier, the Red Sea is widening due to the tectonic movements, this means that even the geology is changing, and so we have to take into consideration the eustatic sea level changes and that the mentioned measurements are of present day as during the Pleistocene era this was not always the case.  During the dry glacial periods - such as in MIS 2 - the sea level was approximately 150 m lower than today, while the humid interglacial periods - such as in MIS 5 - saw the sea level to be mainly as it is today with some fluctuations of it rising by only a few meters. The Arabian Gulf did not start to form until the end of the last maximum glaciation about 20 thousand years ago (Lambeck, 1996, p. 51). Studies show that what we see as a Gulf now was not flooded with water until about six thousand years ago, after the ice sheet melted and eventually caused the sea level to rise, as seen in Figure 2 (Lambeck, 1996, p. 51). Of course, the climatic changes and the exchange of mass between ice sheets and oceans had affected the basins around the Arabian Plate, and many pieces of evidence prove that the Red Sea and Gulf of Aqaba coastlines changed during the Pleistocene era. The basins had paleoshorlines that were more extended and exposed than is the case today, and the Red Sea bathymetric data provides evidence of a detailed changing of the coastline. There are two possible shallow lands that attracted humans in the south opposing the Afar Triangle, they are the Hanish Sill and Farasan Islands. These two places are suggested because they have substantial areas of land that were exposed during glacial periods (N. Bailey, et al., 2007). The Hanish Sill is considered to be the deepest point of Bab Al-Mandab with a depth of 137 m, and by its shores is the narrowest point connecting the Red Sea to the Gulf of Eden when sea level drops below 50 m (Alsharekh, et al., 2011, p. 1). The Hanish Sill can offer a channel that measures to be about 4 km wide that can serve as a pathway for humans to cross through during extreme glacial periods, as shown in Figure 20. The Farasan Islands were born as a result of the presence of huge masses of Miocene salt that pushed upward to form salt domes that raised their limestone deposits (N. Bailey, et al., 2007). The islands consist of reef limestone surfaces that do not rise more than 20 m above sea level on average. Furthermore, these islands have been subjected to several breakages and cracks as a result of the expansion of the Red Sea during the time of the Pleistocene, which in turn led to a continuous lifting of these islands (N. Bailey, et al., 2007). Figure 19 shows the locations of Farasan, Hanish Sill, and the exposed seashores during times of low sea levels. It shows that, during those times of low sea levels, Farasan would have appeared to be low hills and steeps and these features are similar to ones found in the Afar Triangle, which means that they are passable and attractive features and marine resources (Bailey & King, 2011, p. 1548). The Farasan Islands and Hanish Sill would have been great coastal residences during the low sea level periods but crossing to them would have been complicated. Despite evidence showing that 90% of the time during the Pleistocene era the sea level was lower than what it is currently, there is no evidence that Bab Al-Mandab had a land bridge connecting Yemen to Afar after the end of the Miocene, given the fact that the Indian Ocean did not stop flowing into it since then (Groucutt & Petraglia, 2012, p. 114). However, studies show a possibility of exposed lands existing during the last maximum glaciation, MIS 2, when the sea level dropped more than 120 m, close to Hanish Sill’s level. However, this also means that there were not any drylands exposed that hominins could have crossed through earlier than MIS 2. The Gulf of Suez was shallow, and today’s maximum bathymetry measures at no more than 18 m, which means that during almost the entire duration of the Pleistocene era it offered a safe coastal passage through Sanai. On the other hand, the Gulf of Aqaba is a semi-closed water basin connected via a narrow and relatively shallow strait with the rest of the Red Sea. This strait linking with the Red Sea had an active and vital impact on the Gulf through the tidal process. Like many oceans in the world, the Gulf shows periodic seasonal behavior. It separated spring water layer forms and contrasts. In the summer, the warm shallow upper layer is preserved, deepening later to produce aqueous mixing of the deep layers in the winter. This seasonal mixing of water layers is highly influenced by the water exchange taking place with the Red Sea. Noting that it seems that the annual partial fluctuations of water layers in the winter are what determines the value of the depth of the maximum mixing process between the layers of water. This means that the sea has a destructive behavior to the surrounding areas. Adding to that, its sea level was drastically higher during the interglacial period of MIS 5e than it is today and was raised enough to cover the current shores. This means that coastal residence by the Gulf of Aqaba at that time would not have been possible (Bosworth, et al., 2017).
6. Palaeohydrology
[bookmark: m_7796161507424899839__Hlk46428679]The ancient rivers and paleolakes are inland attractions to faunas and humans, as some suggest that human terrestrial movements were along river margins (Groucutt & Petraglia, 2012, p. 115). The Arabian Plate offered both features, and these ancient rivers and paleolakes were reactivated and expanded due to two key factors, winter and summer rainfall. Studies show that winter rains were pushed south from the East Mediterranean, while summer rains occurred during the humid periods across the region (Groucutt & Petraglia, 2012, p. 115). Humid phases were caused by strong summer monsoonal winds coming from the Indian Ocean that strongly penetrated southeast Arabia during the Quaternary in MIS 1, MIS 3, MIS 5 and MIS 7 (Figure 4) (G.Parker, et al., 2013, p. 293). Evidence of flora and fauna found in Arabia show that it was greener than present, and analysis of fossils of taxa found around the lakes showed that Arabia had a savannah-like ecosystem during dry periods (Groucutt & Petraglia, 2012, p. 116).
[bookmark: m_7796161507424899839__Hlk47454946]Various sizes of paleolakes were found in the Arabian Plate, with some having had covered areas of 67 km and up to 2000 km. There is no doubt that those paleolakes were valuable sources of fresh water that attracted game and human populations (Groucutt & Petraglia, 2012, p. 115). A paleolake that covered an area more than 1900 km was found in Northern Saudi by the border of Jordan called Mudawarra (Figure 21) (S.Breeze, et al., 2016). The paleolake, which is of Lacustrine deposits, is located south of the Al Jafr depression and its age ranges between 168–136 ka 2σ, which is likely to be during the last phase of MIS 7 (S.Breeze, et al., 2016). The Mudawarra catchment has both Tabuk and Mudawarra basins, and it is the main drainage point of Tabuk palaeorivers. The paleolake was reactivated monsoons coming from the Mediterranean in the north, leading to increased water flow in Tabuk rivers that later drained into Tabuk sub-basin. Along the Tabuk Wadi are the Hijaz Mountains; both of these locations offer an abundance of raw materials. The Mountains are a large tribute to the Wadi, and the Wadi also flows into the Mudawarra basin. Wadi Tabuk is close to Wadi Nayyar, which if taken into consideration would lead to the Nafud Desert (Figure 21). The mentioned palaeohydrological evidence from Al Jafr depression to Nafud Desert, if followed, would create the route of the Tabuk Corridor as shown in Figure 21. Other paleolakes and rivers could have led humans to North Arabia, palaeohydrological studies identified river systems and lakes in Northern Saudi, and together they could have formed a route to the Arabian Plate from the Levantine. This was suggested as another corridor called Azraq Corridor, which could have been taken by following the river systems and paleolakes from the Azraq paleolake, Wadi Sirhan, and other lakes found in North Arabia as shown in Figure 21. The Nefud Desert offered great potentials for human habitat, because it had one of the major northern paleolakes in the Arabian Plate, called the Jubbah paleolakes (Alsharekh, et al., 2012, p. 2). These lakes are of three lakes that covered an area measuring up to 78 km in size (Figure 22), and they have three major mountains surrounding them: Jabal Qattar, Jabal Katefeh, and Jabal Umm Sanman. The three mountains offered a great supply of raw materials, which hominins could have used to make stone tools. The Jubbah lakes were reactivated during humid periods, particularly MIS 9, MIS 7, and MIS 5. This region may have attracted faunas because evidence shows that grasslands and trees dominated lakeshores, even in glacial periods between MIS 7 and MIS 3 (Alsharekh, et al., 2012, p. 2).
In the Arabian Plate, Wadis of significant importance to palaeohydrological records were identified. These Wadis were feeding major drainage systems of the ancient rivers, and they are: Wadi Tabuk, Wadi Sirhan, Wadi al Hamd, Wadi al Batin, Wadi Sahba, Wadi Al Dawasir, and Wadi Hadramawt all shown in Figure 23 (Alsharekh, et al., 2013). These Wadis are of different locations in the region, which made the rivers expand and cut through the Arabian Plate to even reach arid areas like the Empty Quarter. On the western side of the Empty Quarter, just below the Tuwayq Mountains, an identified depression of a paleolake was found. The lake is called Mundafan; it is close to the Wadi Al Duwasir drainage system and is bordered with the Asir Mountains to the west. The Mundafan basin is one of the largest lacustrine deposits of the Arabian Plate, covering an area measuring up to 300 km Figure 24. Recent studies show that the basin was reactivated during MIS 5 and MIS 3, and that it has an abundance of raw materials all around, including obsidian-rich mountainous zones (Alsharekh, et al., 2013). Fossils of flora and fauna suggest that the region of Mundafan was of riparian forests, and that it was a deep permanent body of water (Alsharekh, et al., 2013). The location of Mundafan played a significant role in reactivating the lake in such an arid region, not only because it is located under mountains and wadis, but because it is in the southern region of the Arabian Plate. These palaeodrainage networks show how strong the humid periods were, and that the Indian Ocean’s monsoons were powerful enough to penetrate the region and cause drastic changes in its harshly dry environment.
Numerous paleolakes and river drainage systems were identified in the topographically rough region of southwest Yemen, like Wadi Surdud, Safer-Balhaf Lake, Bayt Nahmi, Rada, and Al-Hawa. These lakes are significant because they offer insight into the southern part of the region, in turn aiding in the investigation of Model B. Different studies of these lakes found that all of them date between the last Upper Pleistocene to the Holocene. The locations of the lakes show that they are all in the middle of a region rich in raw materials, just like the Afar region. One of those palaeohydrological networks, Wadi Surdud, is more important than others in the region, because it drained into the ancient rivers. The wadi is situated between the highlands of Western Yemen and feeds into the ancient Tihama coastal plain (Crassard, et al., 2012, p. 453). It is considered to be the oldest drainage system in West Yemen, and dates back approximately to the beginning of MIS 3, with studies suggesting that it was a pathway for humans to pass to and from Tihama’s coast Figure 25 (Crassard, et al., 2012, p. 453). Other lakes of significance in the Arabian Plate are Dhofar and Saiwan in southern Oman, Awafi in eastern United Arab Emirates, and the Ur-Schatt river valley of the Arabian Persian Gulf seen in Figure 3. Dhofar palaeolakes are identified as depressions behind the Dhofar Mountains, which formed interior basins that have been long studied for environmental records (Parker & Rose, 2008, p. 27). The basin provided essential sources of water and flora, and its records show a high density of grasslands and woodlands surrounding the basin, which creates the perfect habitat for faunas (Parker & Rose, 2008, p. 27). The other ancient water resources in Arabia were also worth studying to understand the terrestrial riverine routes of the Arabian Plate, and to extract correlations with the archaeological record.
7. Archaeology
The Afar Triangle is a key region in understanding human evolution and hominins dispersal out of Africa, because it is where some of the oldest hominin fossils were discovered (Bailey & King, 2011, p. 1539). The region is famous for containing important fossils, such as a few Australopithecus afarensis including the famous ‘Lucy’ and ‘Selam’ that date back to the Pliocene (Ayala & Conde, 2018). There is no denying that this region really is ‘the Cradle of Humanity’, because various hominin species’ specimens were found there such as: Australopithecus garhi, Homo erectus, Homo heidelbergensis, and Homo sapien (Ayala & Conde, 2018). This is undisputable evidence that this region was inhabited by hominins and looking into their archaeology may help with understanding how their whereabouts expanded out of Africa. The Afar Triangle is a home for stone tools of Mode 1 and Mode 2, with the oldest Mode 1 Oldowan stone tool dating back to 2.6 million years ago having had been found there (Lumley & la, 2018). Other Oldowan sites were found in Abbassiyah in Egypt and the Jordan Valley in the Levant, and many Mode 1 sites were found in northern Africa which date back to a time after that of the one found in the Afar region Figure 26. In the Arabian Plate, there are about six Oldowan sites found in South Yemen, and the other Mode 2 sites in Arabia exceed those in the vast area of North Africa in number (Fleagle, et al., 2010, p. 38). The Arabian Plate has more than 50 Lower Palaeolithic sites. At some of these sites in Saudi, Oldowan-like stone tools were found (Groucutt & Petraglia, 2012, p. 116). However, these are not classified as Oldowan, but there is a possibility of them being so given the fact that they were made out of quartz and the raw material can determine how the shape would be (Groucutt & Petraglia, 2012, p. 116). The majority of the Lower Palaeolithic sites are found inland rather than in coastal areas, and most of them are in the middle region of the Arabian Plate Figure 27. Numerous sites in the Arabian Plate, shown in Figure 27, had Acheulean assemblages that date back to 200 thousand years, which correlates with humid periods of MIS 7 (Groucutt & Petraglia, 2012, p. 116). Many Acheulean sites were found in the Nefud Desert in the area of the paleolake Jubbah, and in several other sites in Middle and North Arabia, such as Wadi Fatimah, Dawadmi, and Tayma (Figure 28) (Shipton, et al., 2014, p. 448). The sites are more than 36, but those of Wadi Fatima are the only coastal ones while the rest are terrestrial and link to the palaeohydrological record (Shipton, et al., 2014, p. 449). The distribution of the stone tools in the Afar region show that the site ‘Bouri’ in Middle Awash is the only site that early Acheulean tools were recovered from, along with remains of Homo erectus that are believed to be 1 million years old (Asfaw, 2002). A huge distribution of Acheulean sites can be found along the Nile River, shown in Figure 29, and a couple of other sites in the Levant, including sites at Azraq paleolake Figure 28. The Acheulean distribution in the mentioned sites suggests a cultural migration to the Arabian Plate, or an adoption of a hand-axe culture with an interregional connection.
The Arabian Plate is extremely rich in Middle Palaeolithic archaeology, and evidence is accumulating to prove humans had occupied the region. The Lower Palaeolithic did not offer any human fossils, but Middle Palaeolithic fossils are also very rare in the region. Homo sapiens originated in Africa nearly 350 Kya, with evidence of the earliest fossils, consisting of eight individuals that belong to anatomically modern humans, having had been found in Morocco (Richter, et al., 2017, p. 294). The fossils that were discovered in 2017, changed the way we think about anatomically modern humans’ existence, and the date was pushed to 100 ka years earlier than previously thought. In 2018, a fossil finger of a Homo sapien individual -Figure- was found in the Nafud Desert in Saudi Arabia, it shows that Homo sapiens were in the Arabian Plate dating back to 90 Kya (Dunham, 2018). The Nefud fossil is arguably the oldest human fossil to come out of Africa, with speculations around the maxilla found in the Levant and the recently discovered human skull in Greece (Dunham, 2018; McDermott, et al., 2005, p. 317; Wei-Haas, 2019). Unfortunately, this is the only human fossil found in the Arabian Plate, which means that there are no other fossils found in the middle or the southern regions. However, there are abundant Middle Palaeolithic sites in Arabia and much evidence shows that the sites in North Arabia are denser than those in the south, holding with them signs of heavy human occupation -Figure 9- (Alsharekh, et al., 2012, p. 16). The slopes under the Jebels by the Jubbah paleolake were excavated and a great number of stone tools were found – Figure 22- (Alsharekh, et al., 2012, p. 3). The assemblages varied from Levallois, flakes, and blades, and they were made of different raw materials. The Jebels offered great supplies of raw materials that ranged from Quartzite, Quartz, and Rhyolite among many others, with the majority of which being Quartzite. The study found that the majority of those stone tools were not retouched due to the abundance in raw materials at the site, as among 1,452 lithics only 24 were lightly retouched. However, biochemical analysis showed that some of these stone tools had evidence of use, as they found multiple fatty acid and plant residue, which indicates to the region’s richness in flora and fauna. Evidence shows that hominins occupied the Jubbah Lake in MIS 7 and MIS 5.
The last archaeological evidence to investigate briefly is a type of stone tools that is often associated with Model B, the Nubian type of stone tools -Figure 31-. This type of stone tools is known for its techno-complexity, which indicates a level of industry that was created by a certain culture (Rose, et al., 2011; Hilbert, et al., 2017; Crassard, et al., 2016). Evidence of this type of stone tools has been discovered in the Afar Depression, but they remain very rare. Nubian tools were recovered from three sites in Afar alone, and the majority of the African sites where such tools were discovered are located along the Nile River (Crassard, et al., 2016). For a long time, it was thought that these tools were exclusive to this region in Africa, until recent discoveries proved otherwise. Sanai and the Levant, for example, have a few discovered sites, and many researches have been conducted to investigate the Nubian tools in the Arabian Plate and how they are related to the peopling of the region since 2009 (Crassard, et al., 2016). Since then, the sites discovered with this technology located in the Arabian Plate have exceeded the number of those in the studied region of Africa. However, very few sites were found in North and Middle Arabia, being limited to a total of eight sites between the Nefud Desert and Najd thus far, as seen in Figure 32. On the other hand, Yemen holds the larger share of these sites, with more than six discovered in central and eastern Yemen. The region that has the biggest number of such sites is western Oman, and the area of Dhofar on its own holds more than nine Nubian complex sites (Rose, et al., 2011; Hilbert, et al., 2017; Crassard, et al., 2016). Many studies were carried out to compare the assemblages of Middle and Southern Arabia to investigate the relationship between them, with one study finding that they are very much related. Despite some differences of raw materials used and size, the techniques that were used to make these tools are not different (Rose, et al., 2011; Hilbert, et al., 2017; Crassard, et al., 2016). These stone tools are thought to have flourished, and their creation and use expanded, in the Arabian Plate between MIS 5 and MIS 3. Some believe that the number of sites found it South Arabia indicates a southern migration through Bab Al-Mandab, but this hypothesis was not supported by any other type of evidence (Crassard, et al., 2016).
8. Discussion and conclusion
There is no doubt that hominins penetrated and occupied the Arabian Plate, but where did they come from? After presenting the data sets, it is important to apply the data on the models and test them. The geomorphological records show that the Arabian Shield bordered the whole western side of the Arabian Plate. The complete western side of the region is very rough, which obviously restricted early human movements to Arabia. Despite the roughness, Model A offered a direct land connection between the two continents but crossing Sanai to the Plate would have forced humans to move in certain paths. Sanai’s southern coastal routes are very rough, and the west coast of Aqaba would have blocked them from moving forward. So, the possible path for them to have taken to reach the Arabian Plate is to either migrate along the Mediterranean or cross the Sanai Desert plateau region in the middle and continue through Al Jafr depression.
On the other hand, the geomorphological evidence showed restrictions for hominins to migrate from the Afar Triangle. The triangle is rough on the east with the Danakil block, but smoother towards the Danakil depression. However, it would have been possible to cross if Bab Al Mandab was narrow. Abbate and Segri suggested that if the tectonic movement were at a rate of 3-5 mm/year then Bab Al-Mandab would be narrow enough to cross. However, their theory was not accepted, and evidence showed that the Arabian Plate is moving at a rate of 15-20 mm/year since the split. In addition, if the sea level was low enough during glacial periods, and if they crossed, the obstacles they would have faced in crossing the very high mountain chains would most probably force humans to migrate coastally.
Evidence of sea level shows that crossing Sanai to Arabia would not have been a problem, but the Gulf of Aqaba would have been dangerous to cross, which proves the restrictions of taking a coastal route. The sea level records show that Bab Al Mandab was not exposed since the Miocene, and the only way to cross to Arabia is through Hanish Sill to Farasan Islands. This only would have been possible during the extremely glacial periods of the Pleistocene and the drop of sea level below 100. Farasan Islands offered great attractions for faunas and humans to migrate during glacial periods, and the crossing width between the continents would be shorter because the islands are a central ground. However, evidence shows that an earlier migration before the Last Glacial Maximum would have not been easy without seafaring technologies. This is because before MIS 2 the sea level did not drop low enough to expose a land bridge.
Also, by comparing the sea level record with the palaeohydrological records, it is clear that the Arabian Plate did not provide anything to attract game and human populations during glacial periods. The records show that the paleolake and the ancient river systems were activated during humid periods of high rainfall, in MIS 7, MIS 5, and MIS 3. During interglacial cycles, the ecosystem of Arabia flourished and became greener, which attracted faunas. Southern Yemen offered numerous paleolakes with an ecosystem suitable for hominins during this time. However, in those high rainfall seasons, the sea level would have risen and in MIS 5e the sea level was higher than what it is present today, making it impossible to cross through Bab Al-Mandab.
The palaeohydrological records show how hominins could have moved to and in the Arabian Plate, and that they may have moved along rivers and lakes. The records also show that a huge lake, measuring more than 1900 km and called Mudawarra, existed between Jordan and Saudi, right after Al Jafr depression in route. The paleolake dates back to the end of MIS 7, and it feeds into rivers that could be modeled to create a Tabuk Corridor from Mudawarra through Tabuk to Jubbah in Nefud. Another possible palaeohydrological route, named Azraq Corridor, could have spanned from Azraq Lake in the Levant through Wadi Sirhan to Jubbah. Jubbah is the oldest known paleolake in the Arabian Plate and it had a habitat suited for hominins. The Wadis in Middle Arabia drained into the rivers, the critical location of Mundafan basin made it one of the few permanent bodies of water that were activated even in dry glacial periods, and it has an abundance of raw materials from the close wadis and jebels. This makes Mundafan hold the clues on how and when hominins penetrated the Arabian Plate, however, the studies of Mundafan are limited. Further south in Yemen, numerous palaeolakes were identified, however, those lakes were likely to be activated after MIS 3, which indicates a shorter lifecycle of these lakes. From this we can conclude that MIS 2 was a completely dry glacial period, and that these lakes did not exist in order for them to be an item of attraction to earlier humans. The other possible attraction is Wadi Surdud which drained into many ancient rivers an extended towards the Tihama coastal plain. Other wadis and paleolakes in Dhofar Oman are important, too. This importance is due to the river systems around it that were constantly reactivated by to the Indian Ocean’s monsoons.
The Afar Triangle holds many significant archaeological records of fossils and stone tools, and by studying them we can understand how hominins arrived in the Arabian Plate. Other than the old fossils, the Afar region has the oldest Oldowan ever found, dating back to 2.6 million years. Other Oldowan tools were found in Egypt and the Levant. In the Arabian Plate, Yemen has more than six Oldowan sites. There are very few Oldowan-like tools found in North Saudi, but they have not been classified as such, yet. This plays in favor of Model B, given the fact that the tools existed in Yemen without having Model A’s supporting evidence in neither North nor Middle Arabia.
Mode 2 stone tools in Arabia exceed the number of such sites in North Africa, and they date back to MIS 7, which correlates with the palaeohydrological records. This proves that hominins migrated to the Arabian Plate during interracial humid periods. On the contrary, an abundance of Acheulean sites in Arabia found in Jubbah, Wadi Fatimah, Dawadmi, and Tayma show, Wadi Fatimah is the only coastal site while the rest are inland. This evidence, if added to the topographic complexity of the Western Arabian Coast, could debunk the hypothesis of coastal migration. Furthermore, if associated with the palaeohydrological evidence, it could prove that humans migrated to the Arabian Plate by following river margins. In addition, the Acheulean assemblage shows that the sites in Arabia are located in mid to north Arabia, and the south lacks evidence of this technology. This could mean that the Achulean toolmakers came from the north and did not penetrate Arabia through the south.
The only human fossil found in Jubbah-Nefud, and the lack of human fossils in the south, proves that humans migrated to the Arabian Plate through the northern route of Model A. The abundant Middle Palaeolithic sites in Arabia are concentrated in the north, and evidence from Jubba proves that it offered great supplies of raw materials for humans to exploit. The ultimate evidence of that is the unretouched large number of Levallois stone tools, which indicates North Arabia had heavy human occupations. The last evidence of the Nubian complex is often used to prove humans penetrated Arabia through the southern route, especially that Yemen and Oman have higher number of Nubian assemblages. This could be true but given the fact that the sites existed along the Nile River, Levant, and North Arabia, it could also mean that humans migrated through the northern route and expanded and settled to the south. Also, given the fact that the tools found in the Arabian Plate date between MIS 5 and MIS 3, it can be concluded that the toolmakers came to Arabia in humid phases. This contradicts sea level records and proves a northern migration instead of southern migration. This paper was limited due to the word count, and an extensive research on both models with further studies of the data sets must be taken.
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Figure 1- Model A and Model B routes of migration to the Arabian Plate. Photo from Google Satellite but modified, layered and enhanced by me.
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Figure 2-The Post-glacial Flooding of the Persian Arabian Gulf (Atwater, 2007)
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Figure 3- Map of Arabian Plate showing river drainage systems, identified paleolakes and depressions reconstructed by using GIS techniques (S.Breeze, et al., 2015). Picture’s information modified and layered by me.
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Figure 4- Records of the last 150 kyr, showing Marine Isotope Stages, glacial-interglacial cycles and high rainfall periods. The blue vertical lines are key humid periods, and the black vertical lines are shorter humid periods. Picture from (Groucutt & Petraglia, 2012, p. 116).
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Figure 5- Map showing potential routes of Model A exiting Africa towards the Arabian Plate- picture from (Luettich, 2015) but modified by me.
[image: ]
[bookmark: _Hlk47197196]Figure 6- Migratory routes to the Arabian Plate as suggested by Michael D. Petraglia1 & Abdullah Alsharekh (2015, p. 680) 
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Figure 7- Model A or the Northern Routes as suggested by Green Arabia and Blue Arabia (Petraglia, 2019, p. 678)
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Figure 8- A map presented by Ernesto Abbate and Mario Sagri showing potential routes for Early to Middle Pleistocene human dispersal out of Africa (Abbate & Sagri, 2011, p. 4)
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Figure 9- Map produced by DISPERSE and PALAEODESERTS based on several archaeological and palaeoenvironmental studies (Petraglia, 2019, p. 676)
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Figure 10- Map showing the Arabian Plate bordered by other plates and showing he direction and speed of the tectonic movements- picture from (Wikipedia, 2020).
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Figure 11- Arabian-Nubian Shield prior to the Red Sea Rift, with Arabian Shield terranes labelled- picture from (Wikipedia, 2020).
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Figure 12- A map of the Awash region showing rectangle A as the current active Rift compared to B the Awash river margin, and the geomorphological changes between 5 Mya and present- picture from (Bailey & King, 2011, p. 1542).
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Figure 13- Active volcanos of the Afar triangle- picture from (Wikipedia, 2020)
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Figure 14- Afar triple junction region geologic overview and location of the lower Awash valley during the Plio-Pleistocene- picture from (Campisano, 2011, p. 348).
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Figure 15- Topographic features and elevation of the Afar Triangle- picture from (Corti, et al., 2015, p. 252)
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[bookmark: _Hlk47363079]Figure 16- Map showing the chronostratigraphy of western Arabian and East Africa (OneGeology.org, 2020)
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Figure 17- Detailed map of the region (Encyclopadia Britannica, 2011)
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Figure 18- Map showing the topographic complexity of both regions (Bailey & King, 2011, p. 1547)
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Figure 19- Top left= exposed lands of Farasan and Hanish Hill by -100 bathymetric counter. 3D oblique images are of Farasan’s typography from 0 sea level today, at -20, -50 and -100 below sea level. Picture from (Bailey & King, 2011)
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Figure 20- Global sea level during glacial-interglacial cycles of the Pleistocene- Picture from (The College of Earth and Mineral Sciences, 2017)
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Figure 21- Map showing paleolakes and river drainage systems in North Arabia, with possible suggested routes of Tabuk and Azraq- picture from (S.Breeze, et al., 2016)
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Figure 22- Topography, geomorphology and location of the Jubbah region, with details of paleolakes and Jebels- Picture from (Alsharekh, et al., 2012)
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[bookmark: _Hlk47476521]Figure 23- Map of the palaeohydrological record of the Arabian Plate showing ancient rivers, locations of paleolakes and the following wadis: 0- Wadi Tabuk 1- Wadi  Sirhan, 2-Wadi al Hamd, 3- Euphrates and associated Widyan, 4-Wadi al Batin, 5-Wadi Sahba, 6- Wadi ad Dawasir, 7- Wadi Hadramawt- picture from (Alsharekh, et al., 2013)
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Figure 24- Mundafan paleolake below Tuwayq mountains
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Figure 25- Wadi Surdud drianage into the Tihama coast plain- picture from (Crassard, et al., 2012)
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Figure 26- Stone tools of Model A and Model B sites in northern Africa- picture from (Fleagle, et al., 2010, p. 30)
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Figure 27- Archaeological sites in the Arabian Plate from the Lower Palaeolithic to the Holocene- picture from (Groucutt & Petraglia, 2012, pp. 118-121)
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Figure 28- Locations of Acheulean sites in Arabia- picture from (Shipton, et al., 2014, p. 448).
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	Figure 29- Distribution of Acheulean sites in Afar and along the Nile River- picture from (Gowlett, 2015)	
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Figure 30- The fossil finger bone found in Nefud Desert- picture from (Dunham, 2018)
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Figure 31- Nubian complex
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Figure 32- Nubian complex sites in the studied regions (Crassard, et al., 2016)
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basins and valleys, and not at great distances from sources, paralleling observations in other
regions.

Hominin dispersals

Currently available evidence shows that the Arabian Peninsula was occupied by hominins
employing Middle Palacolithic technologics, thereby providing information about hominin
colonisation and dispersal processes (Figure 8). The presence of Middle Palacolithic sites in
the peninsula complements the identification of Lower Palacolithic sites, most of which are
Acheulean (Petraglia 2003). It is uncertain, however, whether carly Middle Palacolithic
technology developed from the Late Acheulean, as was found in other regions outside of
Aftica (e.g. Petraglia er al. 2003; White & Ashton 2003), or whether early Middle Palacolichic
technologies of Arabia were introduced as part of hominin dispersals. While there are
uncertainties about the evolution of Middle Palacolithic technologies, general observations
indicate that there are gross similarities between Middle Palacolithic industries in Africa,
Arabia, and South Asia based on the presence of prepared core industries (Petraglia e al.
2003). This geographic observation for prepared core industries stands in contrast to
contemporancous sites in castern Asia, which are characterised by pebble core technology
similar to reduction techniques used in the Lower Palacolithic (e.g. Gao & Norton 2002). It
is possible that inter-regional differences in assemblages reflect divergences in resource bases,
hominin biogeography, and adaptations.

With respect to the hominins using Arabian technology; a few possibilities exist, as Middle
Palacolithic industries are thought to be associated with at least two, if not three species, including
H. helmei, H. neanderthalensis,
and H. sapiens (e.g. Klein
19995 McBrearty & Brooks
2000; Lahr & Foley 2001).
Although no human fossils
have been recovered in
Arabia, it is likely that
Middle Palacolithic
assemblages were produced
by carly and later modern
humans,  potentially
including H. helmei and H.
sapiens. Another more
remote  possibility, in
consideration of the close
geographic proximity of the
Levantine Mousterian and
the Zagros Mousterian, is
that the Arabian industries
represent the southern
extension of the
Neanderthals. Figure 8. Potential dispersal routes for migrations into the Arabian peninsula
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debated subjects about hominin movement include the possibility
of crossing sea arms, lakes and large rivers (Straus, 2001;
Derricourt, 2005 ), and the crucial migrant survival problem of
needing daily access lo drinking water ( Oppenheimer, 2009 ).

“This paper will focus on the geological, morphological, ecolog-
ical and ciimatic conditions from the Early to Middle Pleistocene
that could have in fluenced human dispersal, with comment on the.
traditional and generally accepled route of dispersal (the Nile River
valleyeLevantine corridor) and an additional analysis of the transit
through the Bab el Mandeb Straits, Sicly Channel, Strait of
Gibraltar, and trans-Sahara megalake and riverine corridors ( Fig. 1).
The 1992010 field research in Eritrea ( Buia, Abbale et al, 1998,
2004) and Sudan (Khasm EI Girba, Atbara valley, Abbate et al.,
2010; Red Sea westem coastal area) provides new elements for
a more reliable evaluation. These two regions consitule strategic
areas where the hominins had to choose the best pathway for
migration.

2. Morphological and geological constraints on dispersal
pathways

n addiion to human and archeological records, the recon-
structions of possible ispersal pathways fom Afrca to Eurasia rely
mostly on seadevel fluctuations and faunal evidence. These
elements are generally placed in a paleogeographic context based
on the present-day situation. However, during the Late Plocene
and Pleistocene times, tectoric deformation and volcanism signif-
icantly affected mountain chains, it areas and marine basins. This
is parlicularly true for the East Africa trpke junction and the cir-
cum-Mediterranean  regions thal were characterized by the
assembly of various piates and microplates. The paleogeographic
and morphological scenarios may have been quie diflerent from
the present one. Furthemore, volcanism, tectonic deformation and
crustal ting caused the development of interaly crained basins,
Sometimes evoling inlo_permanent or ephemeral lakes and
leading to the reorganization of previous  fluvil networks at local
and regional scales. Oustanding examples are the lakes along the
eastem branch of the East Afica Rift Valley ( Tierceln, 1986), the
widening of the Nie River catchment at the expense of the  fluvial
system flowing toward the Indian Ocean ( Said, 1993, and the
diversion of the Awash River n Ethiopia rom the Lake Region info

the Danakil Depression (Sagri et al, 200&xamination of the
potential outes of dispersal is presented, taking into account these:
geological aspects

21. Bab el Mandeb Straits

Located at the Red Sea-Gulf of Tadjura-Gulf of Aden junction, the
Bab el Mandeb Strais result from the Arabian Plate s northeast
movement away from Alrica ( Fig. ). The strails are 29 km wide
and include Perim Isiand, a Late Miocene volcano ( Mallck et al,
1990) located 21 k from the African coast and 2.5 kim from the
Arabian coastFig. ). The maximum depth of the straits is 310 m,
and the channel between Perim and the Arabian coast s 30 m deep.
A fow kilomelres. north of the strais there are wide submerged
areas less than 200 m deep that extend continuously from Africa to
Arabia Laughlon, 1970). A similar situation recurs 150 km further
north where the conjugale Affican and Arabian shelves join and
create a coast-lo-coast shallow area less than 200 m deep ( Fig. B).
Along this transec, the Red Sea is 100 km wide and is dotted by
numerous Holocene volcanic isiands ( Gass et al, 1973 of the
Hanish-Zukur archipelago.

The Bab el Mandeb has been a tectonically unstable region for at
least five millon years due to the successive attempls of the
Carisberg Ridge 1o propagate from the Gulf of Aden inlo the Red Sea
before continuing into Afar ( Manighett et al, 1997 ). Concomitant
eformations acted upon the Bab el Mandeb width and bathymelry
and, together with sea-evel variations and cimatic conditions,
heavily controlled the human movements across the straits.

As for the sirait widih, the respeciive positions of the African
plate (namely the Danakil microplate) and Arabian plate can be
identified in the last millon years by taking into account their rate
of separation. Edgell (2006) assumes that with a movement of
15.7 mmiyear, the Bab el Mandeb was entirely closed 1.4 Ma ago.
However, Bailey (2009) who has re-examined the role of the sea
floor spreading in the Bab el Mandeb region, maintains thal the
present-day geomelry would have been ltle changed from
the past2 Mawhen the Gulfof Aden spreading axs shifted from the
Southem Red Sea into the Danakil Depression. Bu even wih the
rate of separation slowed o 3 €5 mmlyear since ca. 2 Ma ago
(Manighett et al, 1997 ), a reduced distance of some kiometers
between the African and Arabian coasls could have made the
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Fig. 15.1 Digitl clevation model of the Afar Depression and
surmounding arezs (data from the Shatle Radar Topography Missior

SRTM: resolution 90 m). nset on the top lft shows the extent of the
system of il valley composing the Fast African Ril. Inset on the
botiom right shows the plate Kinematic settng of the region; dashed
lines indicate plate. boundaries and white arrows illusirate plate

“The Afar Depression is scparated from the Ethiopian and
Somalian platcaus by major fault escarpments (Figs. 15.1 and
153). Scparation from the Red Sca and Gulf of Aden is
defined less dramatically by the low relief of the Danakil block.
(also called Danakil Alps) and the even more subdued hills of
the Ali-Sabich block. To the north, Afar narrows in the

Guit of
Tadjoura

Somalian
Plateau

Kinematics. Black and. white squares indicate major towns. AA Aleyu—
Amoissa; Ado Ado Ale; AnBF Ankobe borler faul; BG Borkena
sraben: Bo Borama; D Dabbalu; Da Dallol; De Der'Fla graben: DG
Dobi graben: FAR Erta Ale range: GG Gaddale graben: HG Hanke
raben: 1G Tnmino graben; MH Manda-lararo it M Manda-Tnakic
Al TG Tendaho graben

Danakil depression between the Danakil block and the Et
opian cscarpment, which conncets the Afar lowland (o the
3ulf of Zula. The Gulf of Tadjoura scparates the Ali-Sabich
and Danakil blocks, conneeting Afar to the Gulf of Aden.
However, as is the case everywhere in Afar, young volcanic

centres prevent marine waters from flooding the region.
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heavy metal oxides. These arc dispersed in the mud
layer that overlies basalts, reaching a thickness of
about 1020 m in the region adjacent to the axial
ridge (Taviani 1995).

It estimated that the movement between Africa
‘and Arabia began in the Early Teriary (5545 Ma).
and was associated with an Early Tertiary subduc-
tion zone i the Porian Gulr (Hompin. 1967

I of Sucz opencd about 30 Ma ago, and
e vt Red e shot 20 oning
patches of occanic crust in the coniral scpment
around 5-3Ma ago (Bosence 1998: Bosworth
et al. 2005). The spreading, with divergence ratcs
of about 1.5-2.0 cm year *, is stll procceding.

“This is indicated by magnetic anomalis, scismic
activiy, the flow of hot brincs in the axial trough
and by extensive voleanism in Holocene times.
The latier has formed one of the largest large
igncous provinces (LIPS) in the hom of Affica,
near Afar, where a riple junction between the Red
Sca, the Gulf of Aden and the East African Rift
Sysiem developed above a mantle plume (Hay-
ward & Ebinger 1996; Wolfenden et al. 2004).
‘Although there i some disagreement about the
exact location of the contincnt—occan in
the Red Sea, most rescarchers arc in general agree-
ment that 2 small occan basin with an organized
scarfloor spreading contre has been formed in
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