Peer review status:

This is a non-peer-reviewed preprint submitted to EarthArXiv

Meteorites weathering under a variety of conditions in the Lut Desert

Somayeh Zahabnazouri
PhD in Geomorphology, Manager Director of Supporters of the Lut Desert NGO

Abstract

Climate, topography, and geomorphology are fundamental terrestrial environmental factors that play a
significant role in shaping rock weathering processes across Earth's surface. These elements are particularly
crucial when studying meteorite weathering, as they dictate the microenvironmental conditions that influence
both physical and chemical alterations over time. Despite extensive research on meteorite preservation, limited
studies have focused on the detailed weathering mechanisms operating in hyper-arid environments, where
extreme conditions accelerate or slow down degradation.

This study investigates the impact of diverse weathering conditions on H5-type meteorites in the Lut Desert, one
of the hottest and driest regions on Earth. By examining physical and chemical weathering processes, we
identify key environmental factors that control meteorite degradation and preservation. Our findings highlight
three dominant weathering mechanisms that actively shape meteorite surfaces in this hyper-arid setting: salt
weathering, temperature-induced mechanical stress, and wind abrasion. These processes vary in intensity
depending on the microenvironment in which the meteorites are situated. Meteorite fragments placed in distinct
geomorphic settings—including sandy terrain, salt-encrusted surfaces, and lag gravel plains—exhibit
differential weathering rates. While meteorites buried in sand are better protected from erosional forces and
chemical alterations, those exposed to salt-rich environments and intense aeolian activity experience accelerated
deterioration. Prolonged exposure to these harsh conditions results in the loss of surface textures, progressive
fragmentation, and, ultimately, the complete disintegration of meteorite material. The findings of this study
enhance our understanding of meteorite lifespans in extreme desert environments, offering valuable insights into
the preservation potential of extraterrestrial materials on Earth. Additionally, by examining the interplay
between meteorite weathering and desert geomorphology, this research contributes to broader discussions on
terrestrial analogs for planetary surfaces, as well as the implications for meteorite recovery and classification in
arid landscapes.
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1. Introduction

Meteorite weathering is a dynamic process influenced by numerous environmental elements such as climate,
geomorphology, and geochemistry. The study of meteorite terrestrial modification reveals important information
about their exposure history, preservation capability, and degradation mechanisms under various environmental
circumstances. Because of their low precipitation, severe temperature changes, and prolonged surface exposure,
arid and hyper-arid environments, such as deserts, make excellent natural laboratories for studying meteorite
weathering (Bland & Travis, 2004; Al-Kathiri et al., 2005). These severe settings not only influence meteorite
physical and chemical transformations, but also their distribution and recovery.

Among the world's hyper-arid deserts, the Lut Desert (Dasht-e Lut) in Iran stands out as an exceptional location
for meteorite preservation and exploration. Characterized by some of the highest surface temperatures recorded
on Earth—exceeding 70°C in certain areas—the Lut Desert provides a unique setting for studying meteorite
alteration processes under extreme conditions (Sadr, 2020; Mildrexler et al., 2011). Recently, an increasing
number of meteorites have been discovered in this region, with more than 230 documented meteorites recorded
in the Meteoritical Bulletin Database (https://www.lpi.usra.edu/meteor). The majority of these meteorites have
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been recovered from the western portion of the Lut Desert, particularly in the yardang region, where wind
erosion has exposed a significant number of specimens (Pourkhorsandi et al., 2016). Most of these meteorites
belong to the H and L chondrite groups and exhibit high degrees of weathering (W3 to W4), indicating
prolonged terrestrial exposure and alteration.

Meteorites with similar compositions often display comparable weathering patterns, but their exposure histories
and local environmental conditions significantly influence their degradation rates. Terrestrial environmental
factors—including climate, topography, and geomorphology—play a crucial role in shaping the weathering
processes of both terrestrial and extraterrestrial rocks (Jull et al., 2008; Velbel, 2009). In hyper-arid deserts, the
interplay between temperature-induced mechanical stress, salt crystallization, and aeolian abrasion leads to
distinct surface modifications, which vary depending on the microenvironment in which the meteorites are
deposited (Velbel & Gooding, 1990; Bevan & De Laeter, 2002).

This study aims to examine the differential weathering patterns of H5 chondrite meteorites in the Lut Desert by
analyzing their surface morphology under varying erosion conditions. To achieve this, meteorite fragments were
placed in distinct microenvironments, including sandy terrain, salt-encrusted surfaces, and lag gravel plains. By
assessing the impact of these environmental settings on meteorite degradation, this research seeks to enhance
our understanding of meteorite weathering mechanisms in hyper-arid environments and provide insights into
extraterrestrial material preservation on Earth.

1.1. Lut Desert Geography

The Lut Desert, also known as Dasht-e Lut, is now considered one of the most promising locations globally for
finding meteorites due to its hyper-arid climate and unique geomorphological features (Grokhovsky, 2017). The
extreme climatic conditions, coupled with a lack of vegetation and minimal surface alteration, contribute to the
excellent preservation of meteorites in this region (Ashley, 2016). The Lut Desert, covering approximately
80,000 square kilometers in southeastern Iran, is one of the largest playa systems in the world and exhibits a
remarkable diversity of arid landforms shaped by aeolian, fluvial, and tectonic processes. Topographically, the
desert is divided into three distinct regions: the northern Lut, characterized by gravel plains and low-elevation
terrains; the central Lut, home to the world’s largest and most well-developed yardangs; and the southern Lut,
which features vast sand dunes reaching heights of up to 475 meters, among the tallest in the world(
Zahabnazouri et al, 2021; Zahabnazouri, 2022; Mahmoodi, 2002, Yamani et al, 2012, Zahabnazouri et al, 2024).
According to Alavipanah et al, 2007, the Lut Desert experiences one of the most extreme arid climates on Earth,
with summer surface temperatures exceeding 70°C and an annual precipitation of less than 50 mm. The hyper-
arid nature of this environment, combined with intense solar radiation and limited moisture availability,
significantly influences both physical and chemical weathering processes.Furthermore, satellite-based land
surface temperature (LST) studies have identified the Lut Desert as one of the hottest locations on Earth. Data
collected from the Aqua/MODIS satellite confirmed that the region recorded the highest land surface
temperature globally in at least two out of three years of observation, surpassing previous records held by other
desert regions (Davi , 2011). This extreme thermal environment plays a crucial role in shaping the
geomorphology of the desert, as well as in the weathering and preservation of meteorites exposed to prolonged
heat stress and thermal expansion cycles. Beside the Lut desert in southestern Iran there is more arid region with
similar condition( Maghsoudi et al, 2012, Yamai et al,2012 ).

2. Method to study Surface Morphology of Meteorite

In terrestrial environments, meteorites are subject to weathering processes that lead to the formation of
secondary surface morphology and show external weathering of exposure meteorite to climate. The rate and
form of meteorite reshaping in continents is governed by the environmental condition such as climate, soil,
geomorphology. H chondrites have high metal concentration which subsequently makes them prone to fragment
during weathering. In this work, for studying surface morphology and surface alteration processes of meteorite,
several parts of H5 should be considered that found in different environment such as sandy land (or lee side),
salty land and lag gravel surface in southwestern Lut desert in Kalut, these samples previously classified and
described by some researchers (POURKHORSANDI, 2017)

3. Surface Morphology of Meteorite

Some pieces of meteorite were buried in the sand during aeolian processes and we were finding them after
emerging by wind blowing sediments above them, they are the best preserved ones and show less exposure time
to the air. Some of these samples were placed in lee side and thus keep away from wind and water alternation.
Most of the meteorites found in sandy land (H5a) keep their outer crust (Figurel), but the most weathered parts



were exposed to salt and groundwater in salty land (H5c). Soil salts dissolved by water infiltrate into meteorite
by capillary forces triggered by temperature fluctuations. So the most weathered meteorite as observed in salty
land that expose to atmosphere and soil characteristics. Salt weathering and input of sand into the cracks

enhance fragmentation, as it is visible on the “H5¢” meteorite (Figure2).
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Meteorites on lag gavel surface don’t have any protection against wind abrasion and lose their outer crust under
sandblasting, so they show well developed polished surface. Wind ablation can modify the surface of these
meteorites. Most of these meteorites become ventifacts with flat, wind-abraded surfaces (H5b) (Figure3).
Grooving, fluting, scalloping, boring, and/or faceting are indicative signs of interaction with wind-blown
particles on them (Florian et al, 2012). These meteorites have a variety of wind-abraded surfaces ranging from
surficial polishing to deep incision from late Pleistocene and Holocene sand grain saltation.
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4. Conclusion

Meteorite surface morphology indicates physical surface alteration processes in the Lut Desert, where
extreme environmental conditions cause weathering and erosion. Most meteorites exhibit clear signs of their
terrestrial environment, with their surfaces reflecting the dominant physical weathering processes. The harsh
desert climate, characterized by intense temperature fluctuations, strong winds, aridity, and salinity, plays a
crucial role in shaping the meteorites' external features.

Weathering and Meteorite Alteration in the Lut Desert

Deserts' primary physical weathering processes are influenced by the region's dry and hot environment, as
well as its distinct soil and sediment properties. In this study, Three primary environmental conditions—wind
erosion, salt weathering, and sand burial—are explored to demonstrate their effects on meteorite surface shape.

1. Sand Burial and Preservation

The study of H5 meteorites across these three environments reveals that meteorites buried in sandy lands
undergo minimal alteration and retain their fusion crust better than those exposed to harsher conditions. The
meteorites buried in sand (H5a) were the least affected by physical weathering. This suggests that sand provides
a protective layer, buffering the meteorite from extreme temperature fluctuations and shielding it from abrasive
wind erosion. Interestingly, the slightly higher humidity within sand also contributes to stabilization, slowing
down the breakdown of the meteorite's outer crust. As a result, meteorites embedded in sand may remain well
preserved for thousands of years, with their surfaces relatively intact.

2. Wind Abrasion and Surface Etching

On lag gravel surfaces, where meteorites are directly exposed to the elements, wind erosion is the dominant
process shaping their surfaces. The strong, persistent winds of the Lut Desert cause meteorites to be abraded and
polished, often resulting in grooved, etched, or striated surfaces due to prolonged exposure to airborne sand
particles. Over thousands of years, meteorites in this environment can be sculpted into ventifacts, much like the
surrounding desert stones. The abrasion removes the fusion crust, leaving behind a smooth or pitted exterior
with well-defined, wind-faceted surfaces.

3. Salt Weathering and Fragmentation

The most extreme surface alterations occur in salty environments, where meteorites are exposed to high
levels of salt and groundwater interactions. Meteorites found in these areas show signs of intense chemical and
physical weathering, often breaking apart into multiple fragments due to the combined effects of salt
crystallization, hydration, and wind-driven erosion. Salt weathering weakens the structure of the meteorite by
penetrating cracks and causing internal stress, leading to progressive disintegration. In some cases, smaller
fragments are transported by strong desert winds, accumulating in yardang corridors, where further abrasion
continues. This study highlights the varying degrees of weathering and preservation of meteorites under
different desert conditions. While sand burial offers the best long-term preservation, exposure to wind and salt-
rich environments accelerates weathering, leading to the loss of surface features and eventual fragmentation.
The findings shed light on the lifespan of meteorites in dry environments and add to our understanding of desert
geomorphology and extraterrestrial material preservation on Earth.
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