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Abstract

Volcanic geodes are unique geological structures that form within cavities of lava flows and volcanic rocks,
characterized by a hard outer shell and an interior filled with quartz, chalcedony, and amethyst crystals. Studying
the external and internal morphology of these geodes provides valuable information about the physicochemical
conditions of the host rock, geochemical processes, and the history of fluids over time. In this research, volcanic
geodes from South Khorasan were selected as a case study. Field photographs were analyzed to investigate
external morphology (shape, surface texture, shell thickness, and indentations/protrusions) and internal
morphology (concentric layers, micro- and macro-crystals, color, and transparency). Results indicate that the
primary cavity size and shape, fluid composition and concentration, physicochemical conditions, and growth rate
and direction of crystals are the main factors controlling geode morphology. Associated minerals such as zeolites
were identified as separate phases in some geodes. By integrating scientific sources (Arduin-Rode et al., 2024; Lu
& Sunagawa, 1999; Witzke, 1989; Finkelman, 1972) and domestic studies, this research provides a comprehensive
overview of volcanic geodes in the region, highlighting their applications in economic geology, environmental
interpretation and geoconservation.
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How geodes and agates form

(1a~c) Geodes and agates usually begin as void spaces in sediment or
as dissolved organic remains. Evaporite minerals such as anhyerite fil
the void and expand in sediment to form a nodule.
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Because quartz is a hard t mineral, the agate, geode, or concretion
can be eroded from the bedrock to be found In a stream or sediment
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