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“l learned very early on the difference
between knowing the name of
something and knowing something.”
— Dr. Richard P. Feynman

How does learning about standard
screening methods benefit you
practically? Why should you care
about diamond science?....



Disclaimers
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» Goal: reinforce the importance of understanding and using standard screening methods in your daily work,
and the current challenges involved in using certain standard screening methods.

» As industry professionals, we are responsible for achieving continued education, investing in appropriate
equipment, and adhering to updated industry standards/best practices no matter your level of expertise or
established years in the industry.

» Standard screening methods do not replace advanced testing techniques — FTIR, UV-Vis-NIR, PL
spectroscopy etc.

» | am not an experimental gemologist. | am a gemologist-appraiser using standard screening methods to
observe diamond for clues to origin and possible treatment for color.

» “Origin” refers to the growth environment (i.e., natural or lab-grown), not geographic provenance




Quantifying Anomalous Birefringence in Singly Refractive Crystalline Materials
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Illustrations Courtesy of Dr. Daniel Howell & Shizhe Feng and Zhiping Xu




Cross section illustra ion.a it
i kimberlite eruption'by:De Beers

Understanding Diamond
Geology
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Mother nature is quite
the bully to diamonds...

“Mother nature cooks in a
very dirty kitchen.” J. Koivula
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The Diamond Crystal Lattice

Tetrahedron

One C atom
bonded to four
neighboring C

atoms by covalent
bonds in a
tetrahedral
coordination

Defect: anything other than pure carbon and where there is no strain imposed on the crystal lattice

No Defects = Perfect Diamond ‘ We WO::(:I::Z; ?:2':5 inside



Crystal Lattice Defects

MAYFLOWER

Defect: anything other than pure carbon and where there is no strain imposed on the crystal lattice

Point Defects Extended Defects
Trace elements (N, B, Si, H, Ni etc.,) & vacancies (isolated or Plastic and elastic deformation of the crystal lattice, slip
N-V) (defects that require optical spectroscopy to identify) traces, dislocations, vacancy clusters/complexes (defects

generally large enough to see under magnification and
predominantly caused by geologic forces)
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Plastic deformation Platelets

These defects cause variations in the Rl of diamond that we can then observe in the form of color
(i.e., strain/anomalous birefringence)

YouTube: APHT and HPHT treatments of natural and of Laboratory-grown Diamonds - Dusan Simic (@Branko Gems)

Illustrations courtesy of Dusan Simic



Crystal Lattice Defects

Keep in mind that defect distribution in natural diamond is very often highly heterogeneous
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Both natural diamonds
photographed in 365nm
[longwave] UV
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Standard Screening Methods
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I.  Microscopy — Internal Graining & Inclusions
- Can help to determine origin & treatments for clarity -

II. Cross-Polarized Filters (CPF) & 15t Order Red Compensator (10RC)
- Helps to identify clues to diamond type & origin by observing strain patterns -

[ll. UV lllumination — LW, SW, Phosphorescence
- Helps to identify clues to origin and possible treatment for color -

IV. Diamond verification instruments (DVI) .
. . . Treated natural diamond under
- Helps to screen for natural and lab-grown diamond using certain UV technology 365nm UV illumination

Pyrope garnet inclusion in natural diamond Strain in a natural diamond

——

Photos by R. Lightfoot




Microscopy (i.e., inclusions)
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Isolated or clusters of

HPHT-Grown Diamond Inclusions e .
pinpoint inclusions

Only metallic flux can be relied
upon for positive inclusion ID

Metallic flux
(magnetic)

Linear or string-like inclusions

Photos by R. Lightfoot



CVD-Grown Diamond Inclusions No CVD inclusions can be
relied upon for positive ID

Twinning Non-diamond

wisps in carbon

natural inclusions either

diamond mimicking
isolated
pinpoints or in
cloudlike
arrangements

(most common)

Photos by R. Lightfoot

Less common,
irregular
inclusions that
resemble
twinning wisps
to the
untrained eye




Surface Features
Of Diamond
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Natural Diamond Inclusions

Peridotitic Eclogitic Websteritic Uncertain
Common Common Common Common
Cr-pyrope Grossular-almandine-pyrope  Almandine-pyrope  Graphite
Olivine Omphacitic clinopyroxene Diopside-augite
Enstatite Fe sulfides® Enstatite
Cr-diopside
Mg-chromite
Fe-Ni sulfides*
Occasional Occasional
Rutile Coesite
Cossite Olivine
Rare Rare Rare Rare
Coesite Kyanite Phlogopite Diamond
Mg-ilmenite Corundum Calctte
Magnesite limenite Dolomite
Calcite Magnette Perovskite
Native Fe Fe-Mg-chromite Amphiboke . .
Zircon Phﬁrgupilc .\lui‘:hunilc Diopside Xtl
Phlogopite K-feldspar Apatite
Yimengite Titanite Eskolaite
Staurolite Sr-titanate
Zircon Monazite
Moisamte
. Calcite
Possible \ Dolomite
Omr;z?c'te Identifying Mineral Inclusions in Diamonds | GIA Knowledge

Sessions Webinar Series sartine Xtl

A S
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Natural Diamond Inclusions

Brownish internal grainin geral inclusions using CPF

The MicroWorld y
Of Diamonds

John |. Koivula




Diamond Clarity Enhancements

While not impossible to find in lab-grown diamonds,

clarity enhancements such as fracture-filling, laser
drillholes, and internal laser drilling are routinely
observed in natural diamonds.

Photos by R. Lightfoot
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Anomalous Birefringence (i.e., strain)

Photo of a heavy “knotted” strain pattern
in natural@i@mond taken by R. Lightfoot




Cross-Polarized Filters (CPF)
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STRESS-CPTIC
CONSTANTS

DEFECT —— STRESS — STRAIN —> BIREFRINGENCE

ELASTIC ELASTOQ-CPTIC
CONSTANTS CONSTANTS

Natural Diamond

Anomalous birefringence is what we
observe as colors (strain) in cross-
polarized illumination.

DF lllumination CPF

D. Howell (2011): Strain-Induced Birefringence in Natural Diamon: A Review
GIA Gems & Gemology, Volume V, Summer of 1945, Number 2

Photos by R. Lightfoot



Cross-Polarized Filters (CPF)
What you could typically expect...
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Pay attention to the distribution of strain!

Natural Lab-Grown
» Smudgy, uneven, random » HPHT-Grown = extraordinary lack of birefringence (not the same as
» Can follow the {111} octahedral plane no birefringence)
» Can be part of with internal graining » Can sometimes have very weak strain patterns that can mimic
» Modified strain caused by treatment smudgy strain patterns seen in natural diamond
» Could resemble what is observed in CVD-grown » CVD-Grown
diamonds » Parallel, columnar growth pattern that is evenly distributed
» Depending on the severity of strain... throughout (attributed to untreated material)
» Weak anomalous birefringence (blues, grays, » Tatami/crosshatch pattern that is also evenly distributed
browns) (1LORC sometimes necessary) throughout (attributed to post-growth treatment for color)
» strain more likely caused by distribution of » lIrregular patterns that resemble natural diamond strain
point defects » This mostly concerns the exceptions to the rule, CVD-
» Stronger anomalous birefringence (all other colors) Grown diamonds that make up a smaller percentage
(10RC not necessary) whose stain patterns mimic what we observe in natural
» strain more likely caused by extended defects diamonds

» Strain patterns suggest clues to diamond origin (i.e., natural vs lab-grown)
» Theoretically, strain cannot be removed from the lattice through treatment, only altered depending on pre-existing
defects, irradiation type & penetration, P, T, & t.




Typical Strain Patterns in Natural Diamond

2

1: Smudgy, uneven appearance

2: Strain that can follow {111}
octahedral planes or other planes
of weakness

3: Strain in the form of elastic
deformation around a crystal inclusion

4: Heavily “knotted” strain
throughout suggesting severe
plastic deformation combined
with elastic deformation of the

crystal lattice around inclusions

Photos by R. Lightfoot




‘ Cross-Polarized Filters (CPF)

1st Order Red Compensator (10RC)

Natural Diamond

10RC exaggerates difficult to see
strain patterns in diamonds
containing weaker strain

Weak anomalous
birefringence = strain
comprising grays, blues,

and browns

Photos by R. Lightfoot



‘ Cross-Polarized Filters (CPF)

1st Order Red Compensator

Strong anomalous
birefringence = strain
comprising all other colors

Photos by R. Lightfoot



1
1
MAYFLOWER
L \ Ol
" s
5 "
b

Cross-Polarized Filters (CPF)

Natural Diamond

Be sure to observe the diamond in its entirety
or as mounting conditions allow if set.

Limitations of CPF

» Diamonds less than ~0.10ct depending
on magnification capability

» Poorly cut diamonds (i.e., shallow)
» Heavily included diamonds
» Highly saturated diamonds
» Mounting restrictions if set

» Knowledge of diamond formation,
natural and lab-grown

» Cannot be relied upon to determine if a
natural diamond is treated for color

» CPF is not 100% conclusive

Video by R. Lightfoot



Cross-Polarized Filters (CPF)

Natural Diamond

Be sure to observe the diamond by rotating the
polarizer, achieving both plane and cross-
polarized light, to see how the strain migrates
through the diamond.

Limitations of CPF

» Diamonds less than ~0.10ct depending
on magnification capability

» Poorly cut diamonds (i.e., shallow)
» Heavily included diamonds
» Highly saturated diamonds
» Mounting restrictions if set

» Knowledge of diamond formation,
natural and lab-grown

» Cannot be relied upon to determine if a
natural diamond is treated for color

» CPF is not 100% conclusive

Video by R. Lightfoot



Cross-Polarized Filters (CPF)

Polarized Light
NS ‘
| 2
ok W 72 A )
WELRY | :-" . i
Microscope
objective
Inclusion Polaroid-
object analyzer 10RC
Stone Polaroid-
25 Q — olarizer
holder £ — P 4
icroscope
e_stage
Transmitted
Dark-field light light
shield rotated out
Light source
turned on
= https://www.youtube.com/watch?v=_buf7VJVWsc (The Three

Volume 2 of the Photoatlas of Inclusions in Gemstones by J. Koivula & E. Gubelin Microteers Chat About Photomicrography)




Natural Diamond
DF 365nm UV

Strain comprising stronger

anomalous birefringence that

is unevenly distributed
throughout

254nm UV

Photos by R. Lightfoot

CPF 10RC




Natural Diamond
DF CPF 365nm UV

Strain comprising smudgy
weak and strong anomalous
birefringence that also follows
numerous {111} octahedral
planes and is unevenly
distributed throughout

254nm UV

Photos by R. Lightfoot

CPF 10RC




Natural Diamond
& _’ AN

DF CPF 365nm UV

Strain comprising smudgy
weak and strong anomalous
birefringence that is unevenly

distributed throughout

254nm UV

Photos by R. Lightfoot

CPF 10RC




365nm UV

HPHT-Grown Diamond
' 7

Extraordinary lack of strain

Phosphorescence exceeded 10
seconds in this case

254nm UV

Photos by R. Lightfoot



HPHT-Grown Diamond

DF i ~__CPF 365nm UV

Very weak strain

Phosphorescence exceeded 10
seconds in this case

Photos by R. Lightfoot




CVD-Grown Diamond

DF . CPF 365nm UV

Strain comprised of a parallel,
columnar pattern of weaker
anomalous birefringence that is
evenly distributed throughout

—— il 254nm UV

PF 10RC

Photos by R. Lightfoot




CVD-Grown Diamond

DF i - 365nm UV

Strain comprised of a broader
[tatami] crosshatch pattern of
weaker anomalous birefringence
that is evenly distributed
throughout (most common strain
pattern in CVD-grown diamonds
from what | have experienced)

254nm UV
CPF 10RC

Photos by R. Lightfoot




CVD-Grown Diamond

365nm UV

Strain comprised of a finer
[tatami] crosshatch pattern of
weaker anomalous birefringence

Notice how this seemingly
irregular and uneven pattern
can be confused for what we
see in some natural diamonds

254nm UV

Photos by R. Lightfoot

CPF 10RC




~ Natural Diamond
K5 ;,"-r \

DF | CPF 365nm UV

.......
-

Strain comprised of a fine [tatami]
crosshatch pattern of weak and strong
anomalous birefringence

CPF 10RC

254nm UV

Photos by R. Lightfoot




CPF (CROSS POLARIZED FILTERS) TECHNIQUE FOR SCREENING & ID OF DIAMONDS: NATURAL, LAB-GROWN & POST-GROWTH TREATED
Randy Lightfoot (USA) and Branko Deljanin (Canada)
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