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Earth-integrated Introduction

Architecture, The interaction between geological substrata and architectural forms in rock-cut
Geomorphology, settlements is a fundamental subject in interdisciplinary studies of architecture and
Geotourism, Earth sciences. Among the global examples of troglodyte architecture, the village
Kandovan, of Kandovan, situated on the slopes of the Sahand volcanic massif in Iran,
Tectonic Sahand represents a unique paradigm where architecture is not an imposed element but an
Volcano emergent feature of the landscape. The primary problem addressed in this research

is the lack of a quantitative and qualitative framework that explains how tectonic
jointing and lithological properties of ignimbrites have dictated the architectural
spatial organization. Most previous studies have focused on the historical or
descriptive aspects of Kandovan, neglecting the causal relationship between
geomorphological processes and human habitation patterns. This study aims to
bridge this gap by introducing the Earth-integrated Architecture model, analyzing
how indigenous intelligence adapted to the strategic weaknesses, specifically joints
and fractures of the Earth, to create a sustainable, zero-carbon living environment.
The theoretical core of this research is based on vernacular sustainability and
geomorphological determinism. In rock-cut architecture, the site is not just a
platform for construction but the material of construction itself. The concept of
Earth-integrated Architecture, proposed in this study, refers to a design logic
where the human carver follows the natural pre-existing fractures. Literature on
ignimbrite formations suggests that their cooling history creates specific jointing
patterns, known as conjugate joints, that define the potential for excavation. This
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Methodology

This research employs a descriptive-analytical method with a qualitative-exploratory approach. The data
collection was conducted through geological mapping and lithological analysis, investigating the mineralogical
composition and porosity of the Sahand ignimbrites; structural field surveys, involving systematic
measurement of the orientations, dip, and spacing of conjugate joints within the Karan cone formations;
architectural documentation, mapping the internal spatial hierarchy of selected cones and correlating them with
the external geological fractures; and analytical modeling, comparing the true spacing of joints, which ranges
between 18 and 25 meters, with the horizontal and vertical dimensions of the living units to identify the
mathematical correlation between geology and architecture.

Results

The findings are categorized into three major domains. The first domain concerns structural geomorphology
and spatial logic. The results indicate that the formation of the cones, which are locally called Karans and reach
heights of up to 40 meters, is a direct consequence of differential erosion acting upon a specific jointing system.
The conjugate joints, which were formed by the cooling of pyroclastic flows and tectonic pressures, provided
the initial paths for human excavation. The analysis shows that the carvers specifically utilized the intersection
of these joints to create stable, multi-story chambers. The verticality of the dwellings is not an aesthetic choice
but rather a geometric necessity imposed by the 70 to 80-degree dip of the primary fractures.

The second domain relates to lithic properties and sustainability. The ignimbrite layers exhibit a unique
dual hardness property: the interior remains relatively soft and easy to carve, while the exterior surface
undergoes case-hardening upon exposure to the atmosphere, forming a protective crust against erosion.
Furthermore, the high porosity and exceptional thermal mass of the stone create a passive solar system. Our
measurements confirm a temperature differential of approximately 15 degrees Celsius between the interior and
exterior during peak winter and summer, eliminating the need for fossil-fuel-based heating or cooling. This
represents a perfect example of a zero-carbon architectural model.

The third domain addresses geo-cultural heritage and tourism. The study reveals that Kandovan's value as
a geopark lies in its living nature. Unlike the Cappadocia region in Turkey, which is largely a museum site,
Kandovan maintains an active social life within its geological shells. This synergy between geo-heritage, which
refers to the cones themselves, and intangible heritage, which refers to the traditional carving techniques, forms
a geo-cultural landscape that serves as the primary driver for sustainable tourism.

Discussion

The synthesis of geological data and architectural mapping leads to the formulation of the Earth-integrated
Architecture model. This paradigm shifts the perspective from seeing the earth as a passive substrate to an
active architectural agent. The discussion focuses on three critical dimensions.

First, the research demonstrates a high degree of correlation between the conjugate joint systems and the
internal spatial layout of the Karans. The human carver in Kandovan did not work against the rock but utilized
the pre-defined planes of weakness, specifically 325/70 and 145/75, as natural guidelines. This interaction
represents a sophisticated form of structural intelligence, where the energy expended for excavation was
minimized by following the tectonic fractures. This Earth-integrated approach suggests that the architecture is
an extension of the rock's own geometry, where the domestic space is literally a hollowed-out expression of
geological stress.

Second, the discussion further evaluates the zero-carbon performance of these dwellings. The high porosity
of the Sahand ignimbrites acts as a natural insulator. However, the study reveals that it is the thermal mass,
meaning the high heat capacity of the massive rock walls, that creates a phase-shift in heat transfer. During
summer, the rock absorbs solar radiation, keeping the interior cool, while in winter, it slowly releases stored
heat. This passive climate adaptation is a critical discussion point for modern sustainable urbanism, suggesting
that high-mass construction in specific climates can reduce energy dependency by up to 80 percent compared
to modern concrete structures.

Third, unlike other UNESCO sites that have become museumified, meaning they are depopulated and
preserved only as physical objects, Kandovan represents a living landscape. The discussion argues that the
preservation of the rock is inseparable from the preservation of the traditional carving knowledge. This synergy
creates a geo-cultural identity, where the community's social structure is mirrored in the physical clustering of
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the cones. The Earth-integrated logic thus extends from the physical carving to the social organization of the
village.

Conclusions

The study concludes that the architectural morphology of Kandovan is a brilliant manifestation of
geomorphological adaptation. The primary findings confirm that the lithological integrity of the ignimbrites,
specifically the case-hardening effect, is the primary reason for the thousand-year stability of these structures.
Additionally, the tectonic grid, represented by the joint systems, provided the architectural blueprint that
defined the orientation, lighting, and ventilation of the Karans. Furthermore, the passive thermal performance
of the site exceeds modern sustainability standards, offering a zero-emission housing prototype.

Regarding strategic implications for future management, to ensure the long-term sustainability of this site,
the research proposes a transition from conventional tourism to integrative geotourism. This strategy includes
geotechnical monitoring, which involves continuous tracking of fracture propagation in the primary conjugate
joints to prevent structural failure due to freeze-thaw cycles; carrying capacity management, which focuses on
limiting the number of visitors to prevent the micro-climatic alteration of the interior spaces that can lead to
moisture buildup and rock decay; and the geo-park paradigm, which involves re-branding Kandovan as a living
laboratory for sustainable architecture to attract educational and scientific tourism rather than purely
recreational visits.

Ultimately, Kandovan is not merely a relic of a primitive past; it is a sophisticated geo-technical
achievement. By adopting the Earth-integrated philosophy, contemporary architecture can move toward a more
harmonious relationship with the Earth's crust, treating the site's geology not as an obstacle but as the primary
source of design intelligence.
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Fig (7): Cone-shaped differential erosion in Kandovan village
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Fig (8): Conceptual schematic diagram illustrating the formation of ignimbritic pyramids in Kandovan village
through erosion of the overlying units
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Fig (9): A view of four structural horizons in the Keran (the pyroclastic rock cones of Kandovan)
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Table 1: Correlation of geomorphological and structural characteristics of the bedrock with the architectural
patterns of rock-cut dwellings in Kandovan village
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Fig (10): A view of unconventional loadings in Kandovan village
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