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the Mineral Susceptibility
Database (MSD)

» Consolidates current* research from various
scientific fields into one freely accessible
location

> 987 entries
» 596 mineral species
> 10% of IMA approved species**

~~ _ » Effects of 4 Agents of Change
» |Improper temperature

> Improper humidity

> Light: UV-vis-IR

»> Pollutants

*up to 2020; ** as of Sep. 2023
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State Survey at OUMNH

Aim: Confirm alignment between literature & reality
> Agreement between experimental data & museum specimens

the Collection
» ~40,000 specimens
» ~12,300 unigue species
» C.1650 - present
> T.16-29°C, RH: 33-65%

the Survey
> 13,716 specimens
> 1,049 mineral species
> ALL mineral groups

» Completedin 181 hours over 69 days



the Deterioration Phenomena State Survey Methoo

» Examine state objectively & quantitatively
> View signs of change neutrally
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» Quickly perform on whole or fraction of collection
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Deterioration Phenomena (DP)
» Visudlly indicative of change to given collection
» Presence/absence only (1 /0)

» No determination of extent/severity

» Increase speed, reduce variability, avoid assigning
quantitative values to subjective perception

» Cause of change attributed during data analysis

» Minimise distraction, interpretational bias,
& attribution error
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For further details see: Royce, K. 2024. Journal of Natural Science Collections, 12, 85-105.
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Percent DP (%DP) Patterns

Average Type of deterioration

MINERAL % Dim % Tar % Efflc % Pow % Crui % Flak % Pits % Bre: % Crac % Dull % Darl % Pale % Opz % Colc 1st Order 2nd Order
Vonsenite 0% 0% 0% 0% 0% 0% 0% 0% 100% 25% 0% 0% 0% 0% Physical forces Surfical Oxidation
Fluohorite 0% 0% 67/% 0% 0% 0% 0% 0% 6/% 0% 0% 0% 0% 0% Efflorescence —
Berborite 0% 0% 0% 0% 0% 0% 0% 0% 0% O%l O%_l 0% 0% 0% — —
Wightmanite 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% — —
Canavesite 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% Surfical Oxidation —

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% —

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% Efflorescence

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% —

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% Physical forces
Kurnakovite 0% 0% 0% 0% 0% 0% 0% Efflorescence

Inderite 0% 0% 0% 0% 0% 0% Efflorescence

Inderborite 0% 0% 0% 0% 0% 33% Physical forces
Meyerhofferite 0% 0% 0% 0% 0% Physical forces
Inyoite 0% 0% 0% 0% Physical forces
Tincalconite 0% 0% 0% 0% 0% Physical forces
Borax 0% 0% 0% 67% 15t order > 50%

Boracite 0% 0% 0% 0% — surface wetting
Ulexite 0% 7% 0% 0% 14% 2nd order < 50%

Colemanite 6% 0% 0% 0% — surface wetting

Hydroboracite 0% 0% 20% Physical forces — Conditional Formqﬂing Key
Kernite 0% 0% 0% 0% Dehydration —

Probertite 0% 0% 0% 0% Physical forces — 75-100% Red
Hilgardite 0% 0% 0% 0% Physical forces —

Tunellite 0% 0% 0% Physical forces surface wetting 50-74% Ora nge
Preobrazhenskite 0% 0% 0% Efflorescence

Braitschite-(Ce) 0% 0% 0% 0% — — 25-49% Yellow
Hambergite 0% 0% 0% 0% — —

Total 1% 1% 7% — Physical forces 0_24% N/A




%DP Pattermns eExample: Pyrite

DP %DP
Corrosion 11%
Tarnish 86%

Efflorescence 23%
Powder 7% 15" Order: Surficial Oxidation

g % L Dull & Tarnish > 75%

Flaking Bl )¢ Order: Oxidation at Depth
Breakages 7% L Signs of Pyrite Decay < 25%

Cracks 56% > Efflorescence
Dull 78%

Dark 57%

Powder

Colour
Change S

>
» Crumbling
» Breakages

# of

, 1,274*
Specimens

* Data from cross-museum pyrite survey, not just OUMNH



Predominant Reactic OE al Force
ar 7DP patrte oNeleife O eral group
o O
order = p Al force © 6-46% Of spe
Tungstates, lodates Phosphates,
Elements Sulfides & Oxides & Chromates, & & Arsenates, &
Mineral Group & Alloys Sulfosalts Halides Hydroxides Molybdates Carbonates Borates Sulfates Vanadates Silica Ortho Soro Ring Chain Sheet ‘rameworl Total
Dimpled 0% 0% 18% 2% 1% 3% 13% 7% 1% 8% 5% 0% 2% 1% 1% 1% 1%
Rounded 0% 0% 9% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1%
Corrosion 9% 15% 4% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2%
Tarnish 39% 50% 7% 18% 9% 1% 1% 2% 3% 5% 1% 2% 1% 1% 1% 0% 9%
Efflorescence 2% 5% 15% 5% 11% 18% 16% 25% 18% 1% 2% 1% 1% 1% 2% 1% 8%
Powder 2% 6% 3% 7% 3% 5% 29% 20% 9% 5% 2% 2% 4% 5% 5% 3% 7%
Crumbling 9% 16% 15% 11% 14% 24% 11% 27% 17% 9% 5% 10% 12% 6% 8% 7% 13%
Flaking 3% 4% 1% 3% 1% 0% 1% 3% 3% 0% 1% 3% 6% 10% 19% 2% 1%
Breakages 4% 4% 2% 5% 8% 5% 4% 9% 4% 7% 3% 5% 5% 5% 6% 4% 5%
Cracks 7% 472% 20% 36% 31% 41% 34% A41% 43% 26% 27% 36% 31% 36% 46% 27% 33%
Dull 40% 56% 10% 12% 14% 3% 1% 1% 1% 4% 1% 1% 1% 1% 2% 0% 9%
Dark 33% 25% 14% 11% 18% 24% 22% 22% 10% 14% 5% 5% 4% 9% 8% 16% 15%
Pale 1% 2% 1% 0% 1% 3% 10% 7% 2% 0% 0% 0% 0% 0% 1% 0% 2%
Opacity 0% 0% 6% 0% 0% 1% 7% 7% 0% 3% 2% 5% 3% 1% 1% 0% 2%
Colour Change 13% 22% 4% 6% 2% 3% 7% 6% 1% 1% 1% 1% 0% 0% 0% 1% 4%
ADP 2 2 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1
surficial
1st Order oxidation - - - - - - - - - - - - - -
2nd Order ;:i:l;?; pf?;\i?:l:? dehydration physical forces
# of specimens 996 2449 564 1523 270 831 136 521 1315 220 855 440 345 723 795 1277 13260
# of species 23 115 43 127 15 62 34 78 178 2 61 57 28 77 75 71 1046




| (Eforescence | 6% | 5%
| |suficolOdoation | 7% | 1% |
| |OxidafionatDepth | 1% | 2% |
| Polufantinduced Deterioration | 1% | 2%
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Sources for Physical Forces

» Improper handling & accidents
> Inherent fragility or friability of specimen

> In-drawer movements:
jumping, rocking, rolling, sliding

» Rough drawer movement

» Doesn't slide easily

» Jerky movements fo open/shut
» Drawers not trayed out => frays slide
» Inadequate support for specimens

> Too large unit trays

» Specimen placed on faces prone
to movement




casy rixes for Physical Forces

» Training re. handling & supporting specimens
» Awareness of specimen’s properties

» Repair drawers
» Qil/sand runners

» Ensure drawers supported
when opened

> Fully tray-out drawers or
line with non-slip material

» Place specimens on face
that produces least movement

» Provide support for fragile
& movement-prone specimens

13
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What is it though?




What is it though?

> Dark & soot-like

» On older specimens (~ pre-1980)
across ALL mineral groups

» Unknown composition
> Likely combination of:
» Dust

» Outdoor pollutants
(e.g. automotive exhaust, coal)

» Cigarette smoke

» Could be affecting specimen
deterioration

» Cleaning required to
assess impact

16



Conclusions

»> Survey confirmed solubility & changes in
hydration/oxidation state are indeed
prevalent in museum collections

» Not overrepresented in MSD

» Collections may contain more species
susceptible to other reaction types
(e.g., photo-induced)

» Nature of museum storage makes it
difficult to identify

» Physical forces is predominate reaction type
» Can affect every specimen

» Need to ensure proper mitigation

574



i-_l i :fr-:
° ° ‘ * :
O | I Ol | Or | ; < | I | | I G SCIENCE AND ENGINEERING IN
° G &l ARTS HERITAGE AND ARCHAEOLOGY
SEe)
'ﬁf,\‘\ F‘_o,‘
2| 3

This work was an output of a collaborative doctoral research project, supported by
collaborators from the following institutions:

> University of Oxford, School of Geography & the Environment — Heather Viles SOGE gﬁgot?lleogr?vi?gr%p:#t 8§RI§IBED
Oxford University Museum of Natural History — Duncan Murdock, Eliza Howlett
National Museum Cardiff — Jana Horak, Tom Coftterell, Andrew Haycock
National Museums Liverpool — Christian Baars

BSRIA Ltd. - Tom Gagarin

OR3D - James Earl

YV V V V VY

A I%\;OREN [oodianr

The PhD project was part of the Science and Engineering in Arts, Heritage, and

Archaeology Centre for Doctoral Training (SEAHA CDT).

Funding was provided by:
» The Engineering and Physical Sciences Research Council (EPSRC)

The Barbara Whatmore Trust

>
» The Pilgrim Trust
» The National Conservation Service


mailto:kathryn.royce@ouce.ox.ac.uk
http://mineralcare.web.ox.ac.uk/

	Slide 1: An Investigation of Material Changes Occurring within Mineral Collections
	Slide 2: the Mineral Susceptibility Database (MSD)
	Slide 3: MSD
	Slide 4: State Survey at OUMNH
	Slide 5: the Deterioration Phenomena State Survey Method
	Slide 6
	Slide 7
	Slide 8: Percent DP (%DP) Patterns
	Slide 9: %DP Patterns Example: Pyrite
	Slide 10
	Slide 11: Predominant Reaction Type = Physical Forces
	Slide 12: Sources for Physical Forces
	Slide 13: Easy Fixes for Physical Forces
	Slide 14: What’s with the pollutant deposition?
	Slide 15: What is it though?
	Slide 16: What is it though?
	Slide 17: Conclusions
	Slide 18: Thank you for listening!

