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The discovery and subsequent mapping of the submerged royal quarters of Alexandria represent one of the most
significant achievements in modern underwater archaeology. For centuries, the legendary palaces of the Ptolemaic
dynasty, including the residence of Cleopatra VII, were believed to be lost forever to the depths of the

Mediterranean Sea. However, the application of sophisticated geophysical survey techniques and systematic
excavation protocols has allowed researchers to reconstruct the topography of the ancient Portus Magnus(the
Great Harbor). This technical analysis explores the complex interplay of geological subsidence, innovative
archaeological methodology, and the preservation of submerged cultural heritage within the context of Alexandria's
sunken city.

Geological Context: The Mechanisms of Submersion

The disappearance of Alexandria’s royal quarters was not a single, instantaneous event but the result of a
catastrophic confluence of tectonic activity, seismic events, and localized environmental degradation.
Understanding the technical reasons for the site's submersion is critical for interpreting the current state of the
remains. The primary geological drivers identified by researchers include:

» Eustatic Sea-Level Rise: The gradual increase in global sea levels over the last two millennia accounts for a
portion of the depth, but it is insufficient to explain the 5- to 8-meter depth at which most ruins lie.

e Tectonic Subsidence: The Nile Delta is characterized by significant sediment weight, leading to a natural
downward warping of the crust. This is compounded by the region's proximity to the Hellenic Arc, a major plate
boundary.

¢ Seismic Events and Soil Liquefaction: Historical records, including those by the historian Strabo, mention
several massive earthquakes. These tremors likely triggered soil liquefaction in the water-saturated clay and silt
foundations of the royal palaces, causing massive structures to slide into the harbor basin.

e Tsunamis: Specifically, the 365 AD earthquake in Crete generated a massive tsunami that devastated the
Eastern Mediterranean coast, likely completing the destruction of the harbor infrastructure.

Table 1: Factors Influencing Site Submersion in the Portus Magnus



Mechanism Type Estimated Vertical Primary Impact on Site
Displacement

Eustatic Rise Global/Climatic 1.0 - 1.5 meters Gradual inundation of low-
lying quays.
Deltaic Subsidence Geological 2.0 - 4.0 meters Long-term sinking of the

structural foundation.

Soil Liquefaction Seismic/Event-based Variable (Rapid) Catastrophic collapse of
heavy stone structures into
silt.

Tsunamis Hydrodynamic N/A (Scouring) Erosion and mechanical

destruction of sea walls.

Advanced Archaeological Methodology: Mapping the Submerged Quarters

The mapping of the submerged royal quarters, a project led significantly by Franck Goddioand the  European
Institute for Underwater Archaeology (IEASM), required a departure from traditional terrestrial methods. Due to the
high turbidity of the harbor water and the layers of sediment covering the ruins, visual identification was often
impossible. Instead, a multi-layered geophysical approach was employed.

Electronic Remote Sensing and Data Acquisition

The technical workflow for mapping the site involves a sequence of remote sensing operations designed to
penetrate the seafloor. This process begins with Bathymetry, using multibeam echo sounders to create a high-
resolution 3D map of the seabed. However, because many of the royal quarters are buried under 1 to 3 meters of
sediment, bathymetry alone is insufficient.

To overcome this, researchers utilize Nuclear Magnetic Resonance (NMR) Magnetometers. These devices
detect minute variations in the Earth's magnetic field caused by the presence of submerged structures. Stone
structures, particularly those involving granite or volcanic rock, leave a distinct magnetic signature compared to the
surrounding seabed silt. By processing this data through specialized algorithms, archaeologists can generate a
"magnetic map" that reveals the outlines of buildings, temples, and walls before a single diver enters the water.

Side-Scan Sonar and Sub-Bottom Profiling

Side-scan sonar provides a photo-like acoustic image of the seabed surface, identifying exposed columns, statuary,
and masonry. Complementing this, Sub-bottom profilersemit low-frequency acoustic pulses that penetrate the
sediment layers, reflecting off the harder archaeological strata beneath. This allows for the measurement of the
depth of the burial and the identification of the original Hellenistic ground level.

Geospatial Integration via Differential GPS (DGPS)

Precision is the cornerstone of technical writing in archaeology. To ensure that every artifact and structural remains
are accurately recorded, all data points are integrated using Differential Global Positioning Systems (DGPS). By
using a fixed base station on land and a mobile receiver on the survey vessel, researchers achieve sub-decimeter
accuracy. This allows for the creation of a comprehensive Geographic Information System (GIS) database, where
every column, statue, and foundation block is assigned specific coordinates.

The Topography of the Royal Quarters: Key Archaeological Sites



The research has successfully identified several key landmarks of the ancient city, which align with the descriptions
of ancient geographers but offer new technical insights into Ptolemaic urban planning. The Royal Quarterswere
located in the Eastern Harbor and were characterized by a mix of monumental architecture and sophisticated
maritime engineering.

Antirhodos Island

One of the most significant discoveries was the identification of the island of Antirhodos. Survey data revealed that
the island was largely artificial, or at least heavily modified by engineering. The island housed a modest palace and
a small harbor. Excavations discovered 5th-century BC wooden pavement, suggesting that the site was developed
much earlier than previously thought. The presence of a 60-meter long wharfconstructed with massive limestone
blocks demonstrates the maritime capabilities of the era.

The Timonium

The Timonium was Marcus Antonius’s private retreat, built after his defeat at the Battle of Actium. It was located on
a man-made peninsula. Mapping has revealed the foundations of this structure, showing a reliance on piling
techniques—driving wooden stakes into the seabed to stabilize the structure against the soft sediment, a
technique still used in modern civil engineering.

The Portus Magnus Infrastructure

The harbor itself was a marvel of engineering. The research has identified the Heptastadion, a massive causeway
that connected the mainland to the island of Pharos. The mapping of the harbor walls has shown the use of
hydraulic concrete(pozzolana), which allowed the Ptolemies to build durable underwater structures. This
concrete was poured into wooden caissons, a highly technical process for the 3th century BC.

Technical Analysis of Site Preservation and Artifact Recovery

Recovering artifacts from a submerged environment requires a rigorous technical protocol to prevent the rapid
degradation of materials upon exposure to the atmosphere. The chemical environment of the Eastern Harbor is
particularly harsh, characterized by high salinity and anaerobic conditions within the sediment.

Conservation of Stone and Granite

Many of the statues found in the submerged royal quarters, such as the colossal statues of Hapi and the Ptolemaic
kings, are made of Aswan granite or diorite. While stone is generally stable, long-term immersion leads to the
penetration of chlorides (salts) into the pores of the rock. When the stone dries, these salts crystallize and expand,
causing the surface to flake or crack. The technical procedure for preservation involves:

1. Controlled Desalination: The artifact is placed in a tank of fresh water. The salinity of the water is gradually
reduced over months, allowing the salts to leach out of the stone slowly.

2. Surface Stabilization: Monitoring for biological growth and using mild biocides to prevent algae or fungal
colonization during the desalination process.

Metal and Organic Material Recovery

Metallic artifacts, such as bronze coins and tools, often undergo electrolytic reduction. This process involves
passing a low-voltage electrical current through the object while it is submerged in a chemical bath, which reverses
the corrosion process and stabilizes the metal. Organic materials, such as the wooden remains of ancient ships or
harbor pilings, require Polyethylene Glycol (PEG)treatment. PEG replaces the water in the wood cells, providing
structural support so the wood does not collapse or shrink as it dries.



Comparison of Archaeological Survey Technologies

The choice of technology depends on the specific goals of the mission and the environmental conditions of the site.
The following table compares the primary tools used in the Alexandria mapping project.



Technology Operating Principle Primary Advantage Limitation

Magnetometry (NMR) Magnetic field variance Detects structures buried Sensitive to modern metal
under meters of silt. trash and cables.
Side-Scan Sonar Acoustic backscatter Provides high-detail Cannot "see" beneath the
imagery of the seabed sediment layer.
surface.
Multibeam Bathymetry Time-of-flight acoustics Creates accurate 3D Lower resolution than
topographic models. visual or sonar imaging.
Sub-Bottom Profiling Low-frequency pulse Identifies geological and Provides 2D cross-sections
archaeological strata. rather than 3D maps.

Operational Challenges and Troubleshooting in Underwater Archaeology

Conducting a large-scale archaeological survey in an active harbor like Alexandria presents significant operational
challenges. The technical team must account for various failure modes and environmental interference.

Managing Environmental Interference

The Eastern Harbor is subject to heavy modern pollution and sediment suspension. Turbidity can reduce visibility
to zero, making manual excavation dangerous and inefficient. To solve this, archaeologists use water dredges
(underwater vacuum systems). These must be carefully calibrated; if the suction is too strong, it can damage fragile
artifacts; if too weak, it cannot remove the heavy silt.

Data Correlation Errors

A common technical challenge is the misalignment between different survey datasets. For example, a magnetic
anomaly might appear 2 meters away from its actual physical location due to GPS signal drift or underwater
acoustic refraction. To mitigate this, ground-truthing is essential. This involves sending divers to manually probe
the location of a detected anomaly using a probe rod or a small-scale test excavation pit to verify the digital data.

Structural Integrity of Sunken Masonry

The weight of granitic blocks (often exceeding 10 tons) poses a risk during lifting operations. Engineers must
calculate the center of gravityand use specialized slings to avoid putting stress on weathered cracks in the stone.
Failure to accurately assess the structural health of an artifact before lifting can lead to its catastrophic breakage.

The Synthesis of Hellenistic Urban Planning and Marine Engineering

The mapping of the submerged royal quarters provides more than just a list of found objects; it offers a technical
blueprint of how the Ptolemies integrated land and sea. The site layout suggests a highly sophisticated
understanding of hydrodynamics. The orientation of the quays and the Heptastadion was designed to mitigate the
impact of the prevailing northwestern winds and the siltation caused by the Nile's Canopic branch.

Furthermore, the spatial distribution of the temples and palaces indicates a theocratic urban design. The Temple
of Isis was strategically placed near the royal palace, emphasizing the divine connection of the ruling dynasty. This
mapping effort has transformed our understanding of Alexandria from a series of literary descriptions into a
tangible, measurable urban environment.



The integration of geophysical data, historical analysis, and conservation science ensures that the submerged royal
quarters remain accessible for future study. As sea levels continue to rise globally, the technical lessons learned in
the Portus Magnus regarding site stabilization and underwater documentation will become increasingly relevant for
the protection of other coastal heritage sites worldwide. The ongoing work in Alexandria stands as a testament to
the power of multi-disciplinary scientific inquiry in reclaiming the lost chapters of human history from the sea.
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