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Abstract 
The southern façade of the Khafre Pyramid exhibits structural and lithotechnical anomalies that diverge 
fundamentally from the construction methods attributed to the Fourth Dynasty. Among these, the presence 
of a perfectly fitted red granite block embedded within the first limestone course is the most striking element. 
This block displays highly uniform pecking, a precision-engineered fit, and complete absence of mortar, 
wedges or binding agents-features wholly inconsistent with known pharaonic masonry practices. The 
geological characteristics of the underlying Mokattam Formation reveal differential compaction, fracture 
systems, and stratigraphic discontinuities that would have required advanced knowledge of load distribution 
and mechanical stabilization. Engineering analysis shows that the granite block functions as a compression 
key, an architectural device designed to stabilise a heterogeneous substrate under extreme vertical load. Such 
solutions have no precedent in dynastic Egypt but appear in megalithic constructions of the Late Pleistocene 
and Early Holocene across several regions of the world. This study proposes that the southern base of the 
Khafre Pyramid belongs to a far older construction phase and that the pyramid itself was erected upon a pre-
existing megalithic platform displaying sophisticated structural engineering. The archaeological and historical 
implications call for a reevaluation of the origin and development of the Giza Plateau. 
 
1. Introduction 
The Khafre Pyramid is traditionally understood as a product of the Fourth Dynasty’s architectural programme, 
widely regarded as the apex of Ancient Egyptian pyramid construction. The classical archaeological narrative 
assumes a linear development of technical expertise leading from the Step Pyramid of Djoser to the major 
pyramids of Giza. Yet an increasing number of empirical observations challenge the coherence of this 
developmental scheme, suggesting instead that the foundational structures at Giza may originate from an 
earlier, undocumented epoch. The southern façade of the Khafre Pyramid provides some of the most 
compelling evidence for this hypothesis. In this area, an anomalous red granite block is integrated seamlessly 
into the limestone base. Its manufacturing technique, its position precisely aligned within the first course, 
and the absence of any binding material stand in stark contrast to known practices of the Fourth Dynasty. 
Adjacent sectors of the foundation reveal additional granite fragments, likewise worked and unmortared, 
hinting at a more extensive structural logic now obscured by later building phases. The geological complexity 
of the southern base-characterized by fractured strata, irregular bedding planes and differential erosion-
demands a sophisticated response for the support of a mass exceeding 4.5 million tons. The granite block 
appears to have been deliberately placed to counteract these instabilities, performing the function of a 
mechanical stabilizer. Its precision, lithic properties and engineering logic align more closely with known 
megalithic systems in the Andes, Levant and Anatolia than with anything in the confirmed Egyptian corpus. 
This article evaluates the southern base of the Khafre Pyramid through geological, lithotechnical and 
structural analysis, proposing that the features observed cannot be reconciled with a purely dynastic origin. 
Rather, they suggest the survival of a pre-dynastic or protohistoric engineering tradition, subsequently 
incorporated into the monumental programme of the Fourth Dynasty. 
 
2. Methodological Considerations 
The methodology adopted in this study integrates archaeological observation with disciplines fundamental 
to the evaluation of ancient large-scale construction: lithic analysis, structural engineering, and geological 



assessment of the load-bearing substrate. Unlike traditional archaeological approaches focused primarily on 
typology or historical attribution, this study considers the pyramid base as an engineered system responding 
to mechanical forces, material limitations, and geological constraints. Direct field observation of the granite 
block and surrounding limestone was supported by high-resolution photographic documentation. The 
surfaces were examined for patterns of tool use, weathering dynamics, and evidence (or absence) of mortar.  
 

  
 

Façade of the Khafre Pyramid. The author and his research team during the initial field survey within the enclosure 
between the pyramid and the platform formerly occupied by the Queen’s Pyramid or the mastabas associated with 

Khafre. 

 
The limestone displays characteristics consistent with Old Kingdom stoneworking: percussion marks from 
diorite hammers, irregularities typical of copper-tool sawing, and occasional abrasions from sand-based 
polishing. The granite, by contrast, is shaped by an entirely different operational sequence, dominated by 
highly regular uniform pecking-indicative of hard-stone percussive tools and a pre-conceptualized geometry. 



A geological assessment of the Mokattam Formation at the southern base was conducted to identify 
stratigraphic discontinuities, fracture networks, compaction gradients, and zones of differential erosion. 
These geological features are crucial to understanding the necessity and function of the granite insertion. 
Finally, a structural analysis rooted in elasticity, load distribution, and the mechanics of compression was 
applied to determine the likely purpose of the granite block. The comparison with other megalithic structures 
worldwide-especially those employing mixed lithologies for mechanical stabilization-provides a broader 
interpretative framework. 
 
3. Geological Framework of the Southern Foundation 
The Khafre Pyramid rests upon the Mokattam Formation, a Cretaceous limestone sequence characterized by 
rhythmic alternations of hard and friable strata. The southern sector of the pyramid presents a markedly 
heterogeneous lithological profile. Stratigraphic mapping reveals abrupt variations in bedding thickness, 
zones weakened by early karstification, and fracture sets aligned with paleostress fields associated with 
tectonic adjustments of the Giza Plateau. 
These geological conditions create an uneven and potentially unstable load-bearing surface. A mass of several 
million tons, distributed over such a substrate, produces differential stresses that vary from meter to meter. 
Without deliberate engineering measures, these stresses could induce lateral block displacement, 
subsidence, rotational slip, or localized shear failure at the interface between the foundation blocks and the 
underlying bedrock. 
It is precisely within one of these structurally sensitive zones that the granite block is located. Its placement 
appears deliberate and functionally motivated, responding to geotechnical weaknesses rather than 
ceremonial or decorative concerns. This relationship between geological instability and engineered 
intervention is key to interpreting the block’s purpose, as no comparable strategy exists within the corpus of 
dynastic architecture. 
 
4. Lithotechnical and Structural Analysis of the Granite Block 
The granite block embedded within the first limestone course exhibits characteristics wholly anomalous 
within the context of Fourth Dynasty construction. Its surface shows no evidence of abrasion from saws or 
polishing tools typical of pharaonic granite-working. Instead, it displays a homogeneous pecked finish-an 
intentional roughening that increases frictional resistance, enhances mechanical interlock, and suggests a 
structural rather than aesthetic function. 
The precision of the block’s interface with the neighbouring limestone is extraordinary. Measurements 
indicate deviations of only a few millimetres along the contact surfaces, a level of accuracy never documented 
in Fourth Dynasty masonry, particularly in the outer foundation layers. This precision implies not only 
advanced tooling but also a sophisticated conceptualization of load transfer and block-to-block interaction. 
No trace of mortar is present, nor any evidence of gypsum, calcite slurry, bitumen, or wooden wedges. The 
block is held solely by mass, friction, and mechanical interlock. The absence of binding agents is crucial: it 
demonstrates that the block was not inserted during a later repair or restoration, whether pharaonic, Greco-
Roman, or Islamic. Mortarless precision-fitting is a hallmark of megalithic engineering, not dynastic Egyptian 
practice. 
Structural modelling shows that the granite block assumes the behaviour of a compression key-an element 
designed to resist lateral drift of adjacent stones, redistribute vertical stresses, and compensate for 
differential settlement of the bedrock. The high compressive strength of granite (170–220 MPa) compared to 
limestone (30–60 MPa) makes it ideal for absorbing concentrated stresses. 
In every respect-material, function, workmanship, and precision-the block reflects a technological paradigm 
alien to the Old Kingdom. 
 
5. Comparative Megalithic Engineering 
The functional and technological profile of the granite block aligns closely with techniques documented in 
ancient megalithic contexts outside Egypt. At Sacsayhuamán and Ollantaytambo in Peru, mixed-lithology 
systems combine high-strength stones in areas of maximal stress, inserted with millimetric precision and no 
mortar. At Baalbek, the foundational platform beneath the Trilithon exhibits interspersed stones of varying 
densities and mechanical properties, forming a stabilizing matrix that mitigates substrate irregularities. In 



Anatolia, the builders of Göbekli Tepe demonstrated acute geological awareness by positioning monolithic 
pillars on the densest zones of the limestone plateau. 
These parallels do not require cultural contact but reveal a shared conceptual understanding of structural 
mechanics among prehistoric builders. The granite block at the Khafre Pyramid displays identical engineering 
logic, suggesting that the foundation may originate from an earlier building tradition-one capable of 
conceptualizing and executing complex mechanical solutions. 
 

  
 
Southern façade of the Khafre Pyramid: the author during the field survey. It is noteworthy that the eastern, southern, 
and western façades of the pyramid are characterized by hundreds of granite blocks scattered throughout the entire 

perimeter of the monument. 

 
6. Incompatibility with Dynastic Construction Practices 
The corpus of Old Kingdom architecture is remarkably consistent in its construction methods. Limestone 
blocks are laid in courses with centimetric tolerances, mortar is frequently applied to correct irregularities, 
and granite is reserved for interior chambers, thresholds, and temples-not for structural integration into 
pyramid foundations. 



Fourth Dynasty granite-working, though impressive, shows no evidence of uniform percussive pecking or 
high-precision mortarless fitting. Nor does any pyramid incorporate granite blocks within its external base 
courses to compensate for geological weaknesses. The granite block at Khafre therefore stands in absolute 
contradiction with established pharaonic methodologies. 
Its presence cannot be attributed to: 
a repair (there is no evidence of removal or reworking), 
a symbolic insertion (its location is structurally, not visually, relevant), 
or a later cultural phase (none of which employed megalithic precision-fitting). 
The block’s engineering purpose is clear, and that purpose lies outside the spectrum of dynastic construction. 
 
7. Discussion: A Pre-Dynastic Foundation at Giza 
The cumulative data suggest that the southern base of the Khafre Pyramid represents the surviving portion 
of an earlier engineered platform. The precision, lithic selection, and mechanical logic embodied in the granite 
block belong to a technological tradition distinct from, and more advanced than, that of the Old Kingdom. 
If this interpretation is correct, the pyramid of Khafre must be understood not as a standalone project but as 
the monumentalization of an existing megalithic framework. The Fourth Dynasty builders may have inherited 
a structurally optimized foundation whose origins reach back into a period predating the rise of dynastic 
Egypt-a period potentially linked to Early Holocene or terminal Pleistocene megalithic activity observed 
globally. 
Such a hypothesis aligns with increasing evidence of pre-dynastic monumental activity on the Giza Plateau, 
including quarrying traces, enigmatic shafts, and geological weathering on the Sphinx enclosure inconsistent 
with the Third Millennium BCE. 
 
8. Conclusions 
The structural and lithotechnical analysis of the southern base of the Khafre Pyramid indicates that the granite 
block embedded within the first course is a deliberate mechanical intervention, functioning as a compression 
key. This feature, alongside the geological complexity of the underlying bedrock and the precision of the 
block’s manufacture, is incompatible with known Fourth Dynasty techniques. 
The evidence strongly suggests that the southern foundation belongs to a pre-dynastic construction phase. 
The Khafre Pyramid, as presently visible, may therefore stand upon an older megalithic platform whose 
engineering sophistication exceeds that of the Old Kingdom. 
Future research must adopt a multidisciplinary approach, employing deep-penetration ground-penetrating 
radar, seismic tomography, and microgravity surveys to map subsurface anomalies and determine the extent 
of this foundational system. Only through such integrative methods can the true architectural history of the 
Giza Plateau be clarified. 
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