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MINERALS, GEMS, AND METEORITES

ROBERT WALLER*

MATERIALS DESCRIPTION
Minerals are naturally occurring inorganic materials with 
defi ned composition and structure. Rocks are aggregates 
of one or more minerals. Gems are minerals, rocks, or 
fossils, which can be cut and polished to attractive forms. 
Meteorites are rocks of extraterrestrial origin.

HAZARD VULNERABILITY FINGERPRINT

HAZARD AND EFFECTS
Adverse Relative Humidity
Higher mean relative humidity levels:
• increase oxidation rates, especially of pyrite and 

marcasite, but also of other sulfi des and of non-noble 
native elements; high vulnerability among affected 
specimens including some specimens containing 
associated sulfi des but low vulnerability for most 
collections

• cause deliquescence, hydrolysis (this is uncommon but 
can destroy vulnerable specimens); high vulnerability 
for some specimens

Lower mean relative humidity levels:
• may result in effl orescence of some mineral hydrates 

(Waller 1992); high vulnerability for select items and a 
few silicates (e.g., laumontite)

• generally benefi cial for most of collection given 
distribution of reactive pyrite throughout collections; 
an ideal annual average RH for a mineral collection 
might be 30% RH or lower

Excursions to high RH:
• rapid destruction of specimens containing air-aged 

microcrystalline pyrite when RH is more than 60% 
for several days due to impacted monohydrate 
(szomolnokite) or tetrahydrate (rozenite) hydrating 
to the heptahydrate (melanterite); high vulnerability 
for select specimens

• deliquescence of minerals with high solubility, less 
commonly, hydrolysis of soluble minerals with cations 
forming insoluble oxides or hydroxides and rarely 
hydration of lower to higher hydrates; high 
vulnerability for select items

Excursions to low RH:
• may result in effl orescence of some mineral hydrates 

(Waller 1992) (if collection is in well-sealed cabinets 
then room RH must remain below stability limit of 
higher hydrate for weeks or months before damage 
occurs); high vulnerability for select items

Fluctuations and seasonal variations:
• unimportant for mineral collections except certain 

clay matrices and randomly oriented layered 
hygroscopic minerals such as the hydrate pair autunite 

 meta-autunite (transition ≈50%RH) where 
drifts above and below transition RH can cause 
disaggregation; moderate vulnerability for select 
specimens

Adverse Temperature
Elevated temperatures:
• increase rates of oxidation and other chemical reactions; 

low vulnerability within human comfort range
• in rare cases, may cause fl uid-inclusion rupture—very 

rare but can affect high value, gemmy crystals; low 
vulnerability for most items but high vulnerability for 
select items

Reduced temperatures:
• generally positive infl uence

Seasonal variation, excursions, and fl uctuations:
• excursions, fl uctuations, and variations within the 

historical range of exposure are not problematic 
provided they do not lead to high RH or 
condensation; low vulnerability except thermal 
shock (e.g., sulfur) and heating of opal
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Figure 1. Left Halite, rounded and etched by deliquescence 
(Courtesy of Rob Lavinsky, iRocks.com – CC-BY-SA-3.0, CC 
BY-SA 3.0, https://commons.wikimedia.org/w/index.
php?curid=10456826) and Right  Chalcanthite (Courtesy of 
Ra’ike—Chalcanthite by Ra’ike (see also de:Benutzer:Ra’ike)—
own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/
index.php?curid=6277480) showing pale areas of a lower hydrate
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Criminals
• high vulnerability for high value specimens including 

gold and gemstones

Dissociation
• sub-samples removed for XRD, XRF, microprobe, and 

other means of analysis require care to maintain 
association with specimen catalog; moderate 
vulnerability to misfi ling or loss of parts

Fire
• soot obscures color and luster and heat can cause 

fracture and color change; high vulnerability

Light
High doses of (primarily) visible light leads to the 
following:
• phase transformation, often involving breakup to 

powder of susceptible semiconductor minerals (mostly 
sulfi des and arsenides; e.g., realgar); high vulnerability 
among less than 10% of species

• photo-induced hydrolysis of a few mineral species 
(e.g., orpiment); high vulnerability among select 
species, less than 1% of all species

• bleaching or change of color of non-conducting 
minerals of variable color [e.g., fl uorite (Nassau 
1992)]; high vulnerability among less than 10% of 
species and a few colored gemstones

High doses of ultraviolet light:
• less commonly damaging than visible light but may 

cause bleaching, intensifi cation, or change of color in 
minerals of variable color; high vulnerability to less 
than 10% of all species

Pests
Vertebrate pests:
• may lick soluble salts (e,g., halite and sylvite); low 

vulnerability, given moderate care

Insects:
• may eat paper labels; low vulnerability, given moderate 

care

Physical Forces
• heavy specimens subject to crushing surfaces; 

moderate vulnerability for select specimens
• some specimens are exceedingly fragile; high 

vulnerability for select items

Pollutants
Particulates (dust):
• obscure color and luster (necessitates cleaning leading 

to damage); low vulnerability given moderate care but 
high vulnerability for soluble, porous, or fi lamentous 
species

Gaseous pollutants internal: (Waller, Andrew, and 
Tétreault 2000)
• sulfur and reduced sulfur gasses pose a hazard to silver 

and copper; high vulnerability for few, but often high 
value, specimens

• organic acid vapors emitted especially from wood 
and wood products especially in warm, humid, 
enclosed spaces attack (alter luster, transform) 
minerals that are soluble salts of weak acids, 
especially borates and carbonates; moderate 
vulnerability for select specimens

• SO2 emitted from oxidizing pyrite can attack minerals 
especially soluble or slightly soluble salts of weak acids; 
moderate vulnerability in cabinets with strong 
sulfurous smell

• mercury emitted from native mercury containing 
specimens absorbed by and amalgamates with metals; 
high vulnerability for gold and silver stored with 
mercury bearing specimens

• external gaseous pollutants are less problematic than 
internal pollutants; low vulnerability

Water
• water dissolves soluble minerals, destroys specimens 

containing oxidized pyrite, stains porous, and fi brous 
specimens; risk level mostly situation dependent but 
high vulnerability for select specimens
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Figure 2. Left Sulfur (Courtesy of Didier Descouens—own 
work, CC BY-SA 4.0, https://commons.wikimedia.org/w/
index.php?curid=7215316) and Right Silver; both native 
elements are often kept in close proximity causing sulfi dation 
of silver (Courtesy of Didier Descouens–own work, CC BY-SA 
4.0, https://commons.wikimedia.org/w/index.
php?curid=9054480).


