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Newsletter

In Part 1 of my article, I discussed the process by 
which I cut the pavilion of my competition stone.  I 
shall now describe the remainder of the process, 
beginning with the transfer.  The diagram “Rand’s 
Cut Corner Rectangle #1” can be found on the 
USFG site at the following link:  http://
www.usfacetersguild.org/docs/
2010SSCPreMaster.pdf

Typically, I use Devcon 5 Minute Epoxy 
Gel as my transfer medium.4  While I had 

never experienced problems with this 
system in the past, I had heard stories 
from others where the curing epoxy had 
shrunk, pulling off the culet—so I 
decided to try something new.  Before 
applying the epoxy, I took a pea-sized 
piece of silicone putty, and placed it in the 
bottom of the cone dop.  I then applied 
the epoxy on top of the putty and pressed 
the stone down into the dop, hoping that 
the culet embedded safely in the silicone.

I completed the heating procedure, as 
usual.  However, with this particular 
stone, I wanted no possible risk of the 
epoxy letting go.  Therefore, before 
removing the stone from the fixture, I 
coated the entire epoxy joint—all the way 

from the stone to the dop—with a layer of 
cyanoacrylate.  Once this hardened, I was 
able to remove the first dop with no risk 
whatsoever of the stone shifting or 
releasing from the epoxy.

It is worth noting that the transfer jig 
originally supplied with my Omni-e was 
poorly designed and not suitable for 
accurate transfers.  Consequently, I had a 
couple of better transfer jigs custom-
made for me: one by a faceter friend, John 
Sellars, and one by Zane Hoffman of 
Poly-Metric Instruments, Inc.5  In this 
case, I chose to use Zane’s because it was 
smaller and lighter.   
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My First Competition Stone: Part II 
by David Dawson

Continued on page 3.

Editor’s Note:  David Dawson scored a 
first-place 99.4243 in the Pre-masters 
class of the 2010 USFG Single Stone 
competition with his very first 
competition entry.  Congratulations!
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P R E S I D E N T ’ S  M E S S A G E  

The holiday season is certainly one of my 
favorite times of the year.  I hope all of 
you had a wonderful Thanksgiving and 
that this Christmas and New Year are the 
best ever for each and every one of you.  
The Tucson seminars are just a couple of 
month's away and if you've ever needed a 
reason to come to the gem shows, then 
these should fit the bill.  Many thanks, 
Roger Dery, for pulling this all together.  
I'm really looking forward to visiting 
with old friends and new ones in addition 
to seeing the presentations.

This issue marks the one-year 
anniversary of our efforts to put out an 
electronic-only copy of the newsletter.  
We've largely succeeded and I hope it is 
meeting your expectations.  L. Bruce 
Jones, our editor, is doing a great job of 
pulling all of this together and I'm really 
impressed with the number of new 
authors contributing to issues that he's 
been able to round up.  Many thanks to 
all of you, both new and old, for helping 
keep the publication at the cutting edge 
of faceting.  

And speaking of cutting edge, 
congratulations to Jeff White for his first 
place finish in the AGTA Cutting Edge 
division C, Faceting.  His 48.83 carat, 
square, cushion-cut Morganite is truly 
magnificent and I'm looking forward to 
seeing it displayed in Tucson this 
February.  As far as I can tell, Jeff is 
unique among faceters in that he has not 
only placed first in the Grand Master's 
Single Stone Competition (tied with Dick 
Fairless in 2009) and but also won a first-
place award in the AGTA Cutting Edge 
competition.  Way to go, Jeff!

Enjoy the sparkle!

Keith Wyman

   

Faceter’s Seminars
Tucson - 2011

Hello everyone,

There have been some adjustments to 
what will take place at the Tucson 2011 
USFG sponsored Seminars for Faceters. 
I have noted below in bold what will be 
different than previously posted.

Most notably, is the fact that Jon Rolfe 
is not able to be present at this years' 
event. We are hopeful that this may 
change for 2012.

To take Jon's spot on Friday, we have 
tasked professional cutter Stephen 
Kotlowski of Sedona Arizona. 
Stephen faceted his first stone in 1968 
and has been seriously involved in the 
gem trade since the early 80's. Stephen 
has won numerous awards with 
AGTA's Cutting Edge Awards and 
Lapidary Journal's, "The Gemmy's". In 
addition he was the head lapidary for 
Krementz Gemstones of New Jersey in 
the late 80's. Stephens presentation 
will focus on how to move from 
cutting as a hobby to performing work 
for the trade. We understand this 
could be easily be a full-day seminar 
and so Stephen has volunteered to 
take on questions for well past the 
normal time period.

Presenters for Tucson 2011

Monday, 31 January: John Bailey: 
buying rough at shows: tools & 
techniques

Tuesday, 01 February: L Bruce Jones: 
discussion of gemology for faceters

Wednesday, 02 Feb: Wayne Emery: 
professional dopping techniques

Thursday, 03 Feb: Dalan Hargrave: concave 
faceting and other innovated techniques

Friday, 04 Feb: Stephen Kotlowski: 
performing faceting work for the trade; 
making the transition from hobby to 
income producing

Seminars begin promptly at 9:00am and 
will take place in the north-east end of the 
tent section of the Electric Park Complex. 
Elayne Luer, GG of About Lapidary has 
been gracious enough to offer a section of 
her tent space so that the seminars have a 
home. She can be reached here: 
elaynecutter@yahoo.com.

Each seminar should last one hour, and 
there will be ample time to answer your 
individual questions. There will be 
supplied seating for 36. And, coffee and 
light refreshments will be provided.

Please know that the presenters have all 
volunteered their time and expertise. And 
have borne the expense of being at Tucson. 
The USFG is deeply indebted to them for 
their service and contributions to the 
faceting community.

If you are a current member of the United 
States Faceters Guild, there is no charge for 
you to participate in any of the 
presentations. If you are not a member, 
we'd love to have you join us at Tucson, 
however there will be a nominal charge of 
$10 per session. (Or, maybe you should just 
join the USFG; an annual membership is 
only $18.) Membership is open to all, and 
you do not have to be a US citizen.

I look forward to meeting you there!

! ! !       – Roger Dery

Novice 7
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Following transfer, I used one of the long 
girdle facets (P3) to align the stone to the 
cutting lap.  I began cutting the crown 
with my 600 plated lap.  I cut the A and B 
facets until the girdle was 0.5mm thick—
specifications for the competition are a 
girdle of 0.3mm +/- 0.1mm.  I then 
proceeded to cut the C, D and E facets, 
intentionally leaving off the G facets and 
the table.

Based upon my past difficulties trying to 
polish the pavilion straight from a 600 
NuBond finish, I decided that I needed to 
get a good prepolish on the crown.  Since 
I had some 8000 grit loose diamond in a 
drawer, I decided that I would try (for the 
first time) using 8000 diamond as a 
prepolish.  I mixed up a diamond spray 
in the manner described in my previous 
article.  Despite convention, I decided to 
simply overspray my 3000 Batt, rather 
than charge a new lap (because I prefer 
using “broken in” laps).   This strategy 
actually worked quite well for prepolish.  
I did my best to ensure that all of my 
meets were as close to 10X as possible.  

From there, I polished the A and B facets 
with 100K diamond on Batt.  I had to 
remove a fair amount of material in order 
to bring the girdle width within tolerance.  
Unfortunately, this resulted in moving the 
A and B facets so much that I now had a 
long way to go to make the C facets meet 
at the girdle.  It was far too slow to work 
these meets with my 100K polish lap.  I 
decided to back up to a 50K Batt lap in 
order to move the remaining facets into 
place.  However, this caused some 
scratches on the already polished A and B 
facets.  I ended up needing to re-polish 
every facet with 100K, in order to obtain a 
final competition polish.  It was here, 
particularly on the long B facets, that I 
found it especially important to “read” 
the oil pattern on the facets (as described 
in Part 1 of my article).6

With the crown mostly completed, I 
double-checked my girdle width and…it 
was still too thick!  This now meant that I 
had the pleasure of redoing all of the 
crown facets, yet again, if I did not want 

to risk an “out-of-tolerance” deduction 
for girdle thickness.  I decided that I 
could not risk the loss of points.  So once 
more, I began the laborious process of 
“cutting” in the A and B facets until the 
entire girdle was convincingly within 
tolerance.  This I did, slowly and 
frustratingly with the 100K polish lap.  I 
followed this by re-polishing the C 
through E facets to meet, using 100K as 
well.

I would like to note that 0.3mm is a very 
thin girdle on a stone that is 13.66mm in 
length.  When beginning my stone, I had 
wondered why in the world the USFG 
would advocate a 0.3mm girdle on such a 
large stone—I could now see why.  The 
long P3 girdle facets would instantly 
betray any tilt or cheat if the crown facets 
were not perfectly level relative to the 
pavilion facets.  As most cutters realize, 
when chain-cutting the crown facets of a 
stone, it is possible to set the “cheater” 
such that the first and last facets meet 
cleanly.  However, if the original culet 
center-point was poorly cut, or if the 
transfer was improperly executed, that 
same crown may end up tilted relative to 
the pavilion.  The result, in such a case, is 
a girdle that is thicker on one side of the 
stone and thinner on the other.  With a 
0.3mm girdle this situation would be 
readily apparent.  Fortunately, I was 
spared this potential frustration.

I now had the A through E facets 
completely polished (or so I hoped); but, I 
still needed to cut and polish the table, as 
well as the G facets.  I decided to proceed 
with the table first and save the G facets 
for last.  My rationale was that, once the 
table was cut and polished to the D-E 
meet points, the G facets could then be 
cut to only three meet points each:  the 
two B-C meets and the one C-E-Table 
meet.  Because 3 points define a plane, a 
properly cut facet can always be made to 
hit 3 meets.  With the table already in 
place, making the three meets on each of 
the G facets would complete the stone 
with no further work.

Only, at this point, I was faced with a 
conundrum.  Even though my dops were 

keyed, they were not very reliable when it 
came to re-establishing perfect facet-to-
lap registration.  Before I was willing to 
remove the dop from the quill, I wanted 
to be certain that none of the earlier facets 
needed to be touched up.  As such, I 
painstakingly inspected my work, and I 
hoped that creating the last 3 facets 
would not cause secondary scratches on 
the remaining facets.

I decided that, prior to removing the dop 
from the quill, it would be wise to rough-
cut the G facets.  These would help guide 
the proper placement of the table.  I 
didn’t want a table that was level “east to 
west” but not “north to south”.  I used 
my 600 NuBond to rough-cut the G 
facets, and then, with much trepidation, I 
removed the dop from the quill and 
mounted it in the 45 degree angle 
adapter.

From there, I cut the table (significantly 
short of meet) with my 600 NuBond, 
prepolished nearly to meet with the 
8000K Batt and then polished to 10X meet 
with the 100K Batt.  Thankfully, this 
proceeded uneventfully.

With the stone reinserted in the quill, I 
used 8000K to prepolish the G facets 
(taking special precautions to wipe the 
facets GENTLY).  Finally, I polished the 
facets in to meet with 100K.  I had heard 
that the judges were particularly finicky 
with clean, chip-free facet junctions.  
Thus, I made certain to leave myself 
sufficient room at the prepolish stage to 
bring the facets to their final meet points 
using only the polish lap.  This took more 
time, and a lot of patience, but was well 
worth the effort.

Now it was time to remove the stone 
from the quill for a final inspection.  
Everything looked good on the crown, 
but I did have some concerns about the 
pavilion.  I noticed that a lot of debris 
(swarf, oil, stray diamond?!) had 
accumulated around the joint between 
the adhesive and the exposed pavilion.  
In the future, if I were to cut another a 
competition stone, I think I would protect 
the entire exposed pavilion with shellac 
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or clear fingernail polish.  Ultimately, this 
did not prove to be a problem. 

My typical method of freeing a stone 
from epoxy is to simply heat the dop 
about half an inch away from the joint, 
using a cigarette lighter or alcohol lamp.  
This will soften the epoxy enough that it 
can be peeled away from the stone.  My 
epoxy, however, was covered with a layer 
of cyanoacrylate.  I placed the dop, with 
attached stone, in a plastic Ziploc bag 
with a small amount of liquid paint 
stripper—then it was “hurry up and 
wait”.  Once the cyanoacrylate had 
dissolved and the epoxy had softened, I 
washed off the paint striper and removed 
the epoxy.  To my relief, the silicone putty, 
which I had placed in the cone dop, 
protected the culet as intended.  Finally, I 
removed all remaining residue with 
acetone and denatured alcohol.7

Voila!  I took a moment to admire my 
completed competition stone.  In truth, I 
inspected it only briefly!  I was terrified of 
dropping or damaging the stone, and my 
heart wouldn’t have been able to handle 

finding a stray scratch.  So, I placed the 
stone into its regulation plastic gem box, 
and off it went—packaged in a bubble-
padded envelope, which was itself 
stuffed inside a priority mailing box. The 
entire experience was well worth the 
lesson, but I was exhausted and happy to 
be rid of that stone at last! 

Footnotes:

4.  My standard method of transferring from 
cyanoacrylate to epoxy is a modified version of that 
described to me by list-member Wayne Emery.  
With the dops aligned in the transfer fixture, I 
lower the stone’s pavilion into an epoxy-filled cone 
dop, and I allow the epoxy to begin to cure for 
several minutes.  Next, I place the fixture on a 
cookie sheet and put this in a cold oven.  I turn the 
oven on “bake” at 225 to 235 degrees Fahrenheit, 
and I leave the fixture in the oven for 45 to 50 
minutes on a timer.  After removing the cookie 
sheet and transfer fixture from the oven, I let the 
fixture cool until it is room temperature.  Then I 
remove the dops from the fixture.  The heat causes 
the epoxy to cure and harden, but weakens the 
cyanoacrylate bond for easy release.  Sometimes, 
the cyanoacrylate dop will fall right off the stone, 
but more often the dop will require just a light rap 
on a countertop.

5.  Zane Hoffman can be contacted at 
www.polymetricinc.com

6.  I wanted to make a few comments on inspecting 
facets for scratches.  While the oil pattern was 
helpful for monitoring facet flatness, it could be a 
hindrance when trying to observe quality of polish.  
I found that the best way to truly inspect a facet for 
micro-scratches was to first wipe the facet with 
denatured alcohol and then use a clean scrap of 
paper towel to dry the facet. Without the alcohol, 
the oil would get smeared around, disguising small  
scratches.  The paper towel scraps would become 
contaminated quickly and would need to be 
replaced frequently.    

7.  Note:  Many of these solvent chemicals are 
known carcinogens, exude harmful fumes and are 
extremely flammable.  They should be handled 
properly (gloves, etc) and should be used only in 
well-ventilated areas. 

8.  One final note:  I truly appreciate everyone who 
bothered to read this article in its entirety!  
Although it is not an exciting read, it is the sort of 
thing I wished was available when I first started 
cutting my stone.  By no means is this meant to be 
treatise on “how to” cut a competition stone.   It is, 
simply, my hope that by talking through my 
process, other beginners might gain something 
from my successes and failures.

Editor’s Note:  

David Dawson is one of many skilled faceters that go out of their way to contribute to Jeff Ford’s excellent USFG 
Faceter’s List which can be found at: http://groups.yahoo.com/group/usfgfaceterslist/. The list is “the” meeting point 
for faceters contributing their knowledge and answering questions for both neophyte and highly experienced cutters. 

Photo courtesy of Jeffrey Hunt

http://www.polymetricinc.com
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Africa’s soil has yielded a wide variety of 
world-class gemstones, and tsavorite 
garnet ranks as one of the most splendid 
gems found on that continent. Tsavorite 
garnet is a calcium aluminum silicate that 
crystallizes in the cubic system and is 
singly refractive. Tsavorite is a grossular 
garnet (Ca3Al2Si3O12) that contains trace 
amounts of chromium and vanadium 
which impart the rich green hue. 
Tsavorite garnet, with its high refractive 
index of 1.74 and a hardness of 7 to 7.5, is 
a beautiful and durable gemstone that is 
well suited for all types of jewelry.

Campbell Bridges is given the credit for 
discovering tsavorite garnet when he 
found the gem’s first location in Rhodesia 
in 1961. He related that he was climbing a 
hill when a green flash of color captured 
his attention, and his eye was 
immediately drawn to a crystal of dark 
green garnet lying upon the ground. In 
1967, Campbell Bridges located a source 
for tsavorite garnet in Tanzania. This 
discovery occurred in a small hidden 
valley in a rugged range of hills about 100 
kilometers from Mount Kilimanjaro. In 
1970, Campbell Bridges found a 
subsequent deposit of tsavorite garnet in 
Kenya and established the first tsavorite 
garnet mine there in 1971. He and Henry 
Platt of Tiffany named this new green 
gem “tsavorite” in honor of the Tsavo 
National Game Park located near the 
mining area.    

Tsavorite garnet occurs in the geological 
formation known as the Mozambique 
belt, a significant limestone reef 
formation of high-grade metamorphic 
rock that extends for 2,400 miles in 
eastern Africa, primarily in Tanzania and 
Kenya. Kenya lies across the equator in 
east-central Africa. Mining for tsavorite 
garnet occurs in an area 100 miles 
northwest of Mombasa, Kenya, within a 
forty-mile radius of the Kenya-Tanzania 
border. Campbell Bridges came to Kenya 

to prospect for tsavorite after he and 
many other miners were expelled from 
Tanzania by the president, who had 
nationalized all of the mines in 1970. As a 
result, Bridges went to Kenya and 
carefully studied all the geologic maps 
and aerial photographs prepared by the 
British colonial government in Kenya. He 
was looking for similar geologic 
characteristics of the area in Kenya that 
he had been mining in Tanzania. His 
search focused upon the trends of 
crystalline limestone, in particular, the 
gem-bearing saddle reefs that depict 
extreme geologic folding and 
compressions of the layers of graphite 
gneiss and bands of metamorphosed 
limestone (marble), noting their close 
proximity to each other as significant. He 
also looked for faults, evidence of rock 
displacement and rock movement, as well 

as noting the vegetation patterns and any 
folds and bends in the rock. 

Assistant Curator of the Smithsonian 
Institution’s gem and mineral collection, 
Russell C. Feather, reported in 1991 that 
he documented the existence of graphite 
within some tsavorite garnet. The mineral 
graphite is pure carbon and crystallizes in 
the hexagonal crystal system and is often 
found as flat hexagonal crystals within its 
host gem. He related that since tsavorite 
garnet had formed in graphite gneiss, 
that the occurrence of graphite inclusions 
in tsavorite garnet did not surprise him.   

In 1990, a new source of tsavorite garnet 
was discovered in Turkana in 
northwestern Kenya near the Uganda 
border. Larger and darker gems are often 
found there, most likely attributed to a 
higher content of chromium and 

Tsavorite Garnet: Africa’s Flashy Green Gem
by Nancy Attaway
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vanadium. In 1991, a deposit of 
vanadium-rich tsavorite garnet was 
discovered in the Gogogogo area of 
southwestern Madagascar. Recent 
discoveries of tsavorite garnet in 
Tanzania include the deposit found at 
Tunduru and the major discovery in 
Ruangwa in the state of Lindi near the 
Mozambique border. Another new 
tsavorite garnet deposit discovery lies 
south of the Taita Hills at Choki Ranch, 
where a significant portion of larger 
stones have been unearthed. Given the 
extent of the Mozambique belt, other 
deposits of tsavorite garnet are likely to 
be found. 

The rock outcrops are calcretes and are 
hard enough that jackhammers are 
needed to break it apart. At the mining 
sites, Campbell Bridges had incorporated 
a grid pattern measured in one meter 
square pits in a checkerboard pattern of 
trenches mined down in terraces. Some of 
the mining tunnels reach depths of 100 to 
even 200 meters. Each area in the grid is 
marked with a designated number. 
Backhoes move the overburden so the 
miners have access to the gem pockets, 
called potatoes or boudins (sausage), 
described as anhedral nodules, which 
miners carefully extract. The miners sift 
the material and sort the gravels from the 
tsavorite garnet using a large sieve. The 
material is sorted by physically swirling a 
large box around until the material has 
shifted according to its specific gravity, 
and the box is then flipped over and onto 
a table. The iron particles and the 
tsavorite garnet are usually found in the 
middle of the pile. (This is the same 
method that is used for sapphire mining 
in Montana.) In the 1990's, more emphasis 
was placed upon procuring heavy mining 
equipment for the tsavorite garnet mines 
to increase production at deeper mining 
levels. As a result, the amount of mined 
tsavorite garnet has since tripled.

Campbell Bridges had described the three 
shades of green usually seen in tsavorite 
garnet: forest green (a bluish green, 80 % 
to 90% green), water green (which is 
somewhat yellowish in hue, 75% green, 
15% yellow, and 10% blue) and grass 
green or leaf green (a visually pure green 
that contains 80% green with equal 
amounts of yellow and blue). Tsavorite 
garnet that occurs in the Kentucky 
bluegrass green is dug from the Scorpion 
Mine near Voi, Kenya in Tsavo National 
Park, said to be 80% green and 20% blue.  

Tsavorite garnet is rare in sizes over three 
carats. About 85% of the mined tsavorite 
garnet yields gemstones that weigh one 
carat or less. That data has since changed 
when a remarkable gem pocket yielding 
several very large tsavorite garnets was 
recently found at the Karo area in the 
eastern extension in block D at Merelani, 
Tanzania. This section of the mine 
pursues a depth of 120 meters from the 
surface and then follows a reef at a 45 
degree angle to a depth of 180 meters. 
Michael Couch & Associates displayed 
one of these gems, a 100-carat oval 
tsavorite garnet, during a recent Tucson 
show. The asking price for this amazing 
gem was $2 million. The pocket of rough 
that these fabulously large tsavorite gem 
garnets were cut from is considered to be 
the largest such pocket of tsavorite garnet 
rough ever yet found. Other spectacular 
gems from this rich pocket include a 41-
carat tsavorite, a 62-carat tsavorite, a 120-
carat tsavorite, an enormous 307-carat 
tsavorite, and a huge 325-carat oval 
tsavorite. The asking price on the 325-
carat oval tsavorite, the largest faceted 
tsavorite garnet on record, is $2.2 million.

Those intrepid folks who wish to visit the 
tsavorite garnet mines in Kenya should 
be aware that they are entering an area 
where an abundant wildlife calls home. 
Herds of elephants and giraffes walk the 

length of the Tsavo West Game Park, 
where animals travel daily past several 
tsavorite garnet mines in their pursuit of 
food and water. Lions and leopards chase 
zebras and impalas, while miners dig for 
tsavorite garnet beneath the surface in the 
same hunting grounds. The terrain that 
surrounds the tsavorite garnet mining 
area is sparsely vegetated and dotted 
with acaia trees and thorny bushes. In 
addition to the hot climate and the wild 
animal life, bandits also stalk the area to 
catch their prey. With the intentions to 
trap the unwary person, bandits have 
been known to install barriers across 
roads to waylay those who transport 
gems and cash. Then, there are the claim-
jumpers who steal gems from property 
not their own. All the roads from Nairobi 
to the mines are deeply rutted and make 
for a bone-jaring traveling experience. 

Dealing with local disputes involving his 
rightful mining claims became dangerous 
for Campbell Bridges and his family. On 
August 11, 2009, Campbell Bridges was 
murdered by agent provocateurs 
intending a hostile takeover of his gem 
concessions. His son was also injured in 
the attack. The family has since focused 
on bringing the outlaws to justice. As a 
result, the mining and supply of tsavorite 
garnet has been interrupted. If the gem 
concessions remain disputed for very 
long, then expect this interruption to 
worsen.

 * Sources for this article include: JCK, Ettagale 
Blauer for Colored Stone, Lapidary Journal, and 
Cynthia Unninayar for Jewelers Quarterly.
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History & the Viewer

Stones of different RI must be cut with 
different facet slopes for best appearance.  
Diamond cutters don’t realize this 
because they work with only one 
material, whose RI is 2.42.  Colored stone 
RI’s vary from 1.5 to 2.3.

The best slopes for all stones evolved 
over centuries.  Some colored stone 
cutters have sensed a relationship 
between RI and ‘best’ pavilion slopes.  
Fig.1 shows a plot of  traditional slopes 
vs. RI.  If we ignore RI=1.6-1.7 there is an 
apparent trend, implying that there may 
be a technical reason for it.

But what about 1.6-1.7?  Andrychuk 
noticed this and commented on it but 
eventually ignored it.  Harding thought 
that there might be two or more ranges 
for each material but that only one had 
been found and used by the cutters.

The explanation came when it was 
noticed that sometimes the viewer sees a 
reflection of himself.  Fig.2 shows that if a 
ray is reflected more than 10° by the gem 
the viewer will see it, but if the gem 
reflects rays at less than 10° he will see 
himself instead.

Figure 3 shows how this happens with 
rays which enter and exit through the 
table.  In this case only the pavilion slope 
is a factor.  Note that the entry and exit 
rays can diverge (left) or cross above the 
gem (right); at the normal viewing 
distance shown in Fig.2 this is not 
apparent to the viewer.

Considering only the case on the left in 
Fig.3, the pavilion slope must be less than 
44° for all stones (less than 43.4° for 
quartz).

Fig.4 shows how this happens with rays 
which enter the bezel and leave the table 
(or vice-versa).  Bezel slope is also a factor 
here, which means that the best pavilion 

slope depends not only on RI but also on 
bezel slope. 

The next page shows charts of pavilion 
and bezel slopes, for each common RI., 
indicating which combinations of 
pavilion and bezel slopes bend a ray less 
than 10° and should be avoided.  Historic 
‘best’ combinations are also shown.

Faceting Angles
by Bruce L. Harding



U N I T E D  S T A T E D  F A C E T E R ’ S  G U I L D  N E W S L E T T E R

8 December 2010

Similarities
The four charts at right have special 
interest.  In each case the historic ‘best’ 
combination (black dot) is on the upper 
edge of the shaded diagonal zone which 
represents bezel-to-table rays with the 
viewer seeing himself.  Such an obvious 
similarity must have a reason; none was 
found until Garry Holloway, of 
Australia, suggested one in 2000: the 
viewer sees himself in the pavilion break 
facets (‘halves’ to diamond cutters) but 
not in the mains – thus seeing contrast of 
light and dark between these facets and 
on-off light and darkness of these facets 
as the stone, light source, or viewer 
moves.
It is agreed that contrast is more 
noticeable to the eye and makes a stone 
appear more brilliant.  The dynamic on-
off contrast due to motion is also eye-
catching and is commonly called 
‘scintillation’.
Thus the historic preferences are due to 
human perception.  No measurement by 
instruments or statistical manipulation 
of data will provide this insight.
Why not more than one combination of 
pavilion and bezel facet slopes along this 
boundary?  Indeed such combinations 

provide good-looking stones; this has 
been confirmed by subsequent 
extensive 3D studies by computers, 
the results of which are shown on the 
next page. 
What about the recommended 
pavilion slopes for topaz, tourmaline, 
peridot and spodumene that do not fit 
the ‘trend’?  Look again and you will 
see that they follow the same logic, 
but they are adjacent to the 
OTHER side of the head-
obstruction zone.
Apparently some early cutters 
found good results here, which 
got worse if they deviated, so 
they stayed here - just like 
settlers finding their way into 
adjacent valleys and never 
knowing about the others 
because of the mountains in-
between!
Cutting on this side can offer 
advantages for re-cutting or 
utilizing odd-shaped rough.
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Comparison of Studies

General

Various groups have performed 3D 
studies and/or produced related charts 
showing their analysis of ‘best’ cuts in 
diamond.  The significant thing is that 
they all agree in general.  ”Faceting 
Limits” was just a 2D study of only main 
facets.

Moscow State University (MSU)

The first meaningful 3-dimensional study 
was by Moscow State University (MSU).  
Their study used a colored ‘topographic 
map’ to indicate relative brightness and 
fire.  Here we show their chart which 
combines brightness and fire, with yellow 
as best. The red is AGS’ old proportion-
grading standards; its faults are obvious.

On this I superimposed a ‘best straight 
line’ through the yellow spots, a line 
representing the brightest in GIA’s first 
study, and the line of 10° head 
obstruction (MSU included this factor).

GIA

GIA’s first study was about brightness 
(light return).  It ignored obstruction by 
the viewer’s head but the line shown here 
to represent their ‘brightest’ is beyond the 
range of meaningful head obstruction 
and so the omission had no effect.

Their study on ‘fire’ had two ‘best lines’ - 
one along the upper boundary of the 
head-obstruction zone and the other 
along the lower boundary;  this is curious 
and of possible interest to someone.

Holloway’s  ‘HCA’  System

Garry Holloway created a numerical 
proportion-grading system based on 
MSU data and additional factors of his 
own.  This old chart shows his ‘best line’ 
interpretations and one by Paulsen which 
extended Tolkowsky’s work.  I added the 
FL line.

Revised  AGS  Standard

Here is the latest AGS grading system, 
upon which I superimposed the other 
lines

Note tiny areas with a different grade 
than their neighbors.  This is unrealistic: 
who can cut - or measure – with such 
precision to change a grade?
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In this article I would like to talk about 
the basic needs for beginning faceting – 
starting from scratch and then I would 
like to suggest some items to put on your 
wish list.

First you need the machine itself. Some 
are quite expensive and others are not so 
cheap anymore either, so you need help if 
you can get it. A lot of the faceters will 
recommend what they use or learned on. 
Not very many that have been faceting 
for a few years are still using the machine 
they learned on, for as you gain 
experience and try out different machines 
you will find one that suits you better. 
One way to go is buy a used machine off 
E-Bay or other internet sales place; 
granted you may be taking a chance but it 
can and should be less than half the cost 
of a new machine. I bought my first 
machine (a Graves Mark One) for $300 
that included around 100 laps and all 
kinds of instruments like a polariscope, 
dichroscope, and refractometer plus a 
jeweler’s eye and several volumes of 
faceting diagrams from Long & Steel. You 
may or may not find something that 
cheap but there are bargains out there.

So now you have a machine. I can tell you 
that will probably be your least expensive 
out lay in the years to come. You now 
need laps. Basic laps are 360, 600, and 
1200 grit laps for grinding; I prefer 
Crystallite solid steel at a cost around $85 
each. Depending on how many stones 
you cut will determine how long they 
will last. When I was cutting a lot of 
stones they were replaced every six 
months, now I cut quite a bit less and 
they last a year and a half or so. You can 
use the 1200 for pre polish but only after 
it has been broken in as it is too sharp for 
pre polish when new. A lot of faceters like 
using 3000 bort on Batt or tin/lead for pre 
polish. You will need a Batt lap or tin/
lead with 50,000 diamond spray to get 
started with polish. I don’t recommend a 
ceramic lap for beginners. For softer 

material such as quartz (7 ½) on down 
you need ultra laps over a good Master 
lap. Or oxides on other laps like corian, 
zinc and so on.

You also need a good trim saw for cutting 
rough. A four inch is OK but a six inch is 
better. Again try and find used. I bought a 
six inch used eleven years ago for $100 
and it still works great today. A year ago I 
bought a four inch for my son that was 
like brand new for $35. You will have to 
pay over $250 today for new trim saws.

A nice set of calipers is a must have for 
measuring rough and cut stones. Always 
buy industrial plastic, never metal as they 
will chip the sharp edges on the girdle. 
Some put plastic tape on the edges and 
reset the calipers but why pay extra for 
the metal? A decent caliper should cost 
around $30. I don’t like the cheap digital 
ones from Harbor Freight as they are not 
very accurate. Again it is the old adage of 
you get what you pay for.

The most important tool is the 10X loupe. 
You want to buy the best you can afford, 

a good triplet and at least 21mm or better 
yet 25mm. Don’t get fooled into thinking 
that 15x or 20x is better - not so. The more 
magnification the closer to the stone you 
have to be and that will restrict light 
getting into the stone and also you are out 
of focus for inclusions and cracks in the 
stone because of reduced depth of field. 
Stick with the 10x.

Another tip, when you set up your 
machine, the height of the base plate 
should be 30 or 31 inches off the floor. 
Most faceters are set up too high and they 
can’t facet very long because they get a 
stiff neck or back. A bathroom vanity is 32 
to 34 inches off the floor, you add 4 inches 
to that because of most machines having 
a cabinet and you are way too high. I only 
use the vanity as a reference; a kitchen is 
36 inches high. If you’re not comfortable 
you won’t keep your interest level high. 
A good chair is also important, preferably 
one that is adjustable.

Now for a wish list: A ceramic lap. They 
have many laps out there that can help 

How to and What For #27
by Art Kavan
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out in tough to polish stones like a Fast 
lap, Last lap, Corian, tin, zinc, glass, 
phenolic, different Batt laps, copper, and 
several others. A Genie cabbing machine 
comes in handy if you want to cut large 
stones 50 mm or so like spiders and bats. 
The rough 100 or eighty grit will make 
quick work in pre forming a rough 
outline of the pavilion.

As always these are my suggestions, 
others may have different ideas and that 
is OK, nothing is set in stone. I also would 
like to say that it is not so expensive if 
you take your time and try to get good 
value for your dollar.

 I have included a picture of my set up.

Cutting Gemstones: A beginner’s guide to 
faceting by John Broadfoot & Peter Collins
I believe that one of the things the faceting 
community could really use is a contemporary book 
on faceting that covers the subject and is useful to 
both the beginner and the expert, is up to date, and 
is written from the American perspective, discussing 
American products.

While such a book does not currently exist, the 
closest thing to it is an excellent book by Australian’s 
John Broadfoot and the late Peter Collins entitled, 
Cutting Gemstones: A beginner’s guide to faceting.

While the book was written in 2001 it is by far the 
best treatment of the subject that is currently on the 
market and the only book that thoroughly and 

systematically teaches faceting to a beginner with adequate completeness. It also has a great deal of information that is 
valuable to the more experienced faceter as well. Rather than take my word for it I suggest that you look carefully at the 
Contents of the book, reproduced below and then evaluate its suitability for your library.

The USFG has a few copies of the book on-hand and available for immediate sale at $65 including delivery in the U.S. Please 
order through Jeff Ford. E-mail: Jeff Ford <jeffinkzoo@sbcglobal.net>

! ! ! ! ! ! !         ! ! ! ! ! ! – L. Bruce Jones
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How Critical Are the Pavilion Angles?
by Glenn Klein
The angles used when cutting the 
pavilion closing culet facets of a 
gemstone are very important.  These 
angles are more important than any of the 
others in the chosen design.  This is 
especially true when faceters go about 
trying to gain the most brilliance from 
their piece of gemstone rough yet do not 
want any windowing to be in the final 
result.  Since each species of gem mineral 
has its own refractive index and its own 
critical angle, care must be taken to 
choose the best culet angles.  Many 
faceters think that they should always try 
to cut the culet angles as close to the 
Critical Angle for that material as they 
can…so that they will see the most 
brilliance in the completed gem.  I have 
never liked that idea because if your facet 
machine is slightly out of true accuracy 
you may end up cutting at an angle less 
than the critical angle, which will cause 
the gemstone to show a window of light 
leakage down through the stone, 
especially when the gem is even slightly 
tilted as you look at it.  The window lets 
you see what is below the gemstone.  You 
will have wasted light return.  The father 
of most U.S. faceters is that expert Glenn 
Vargas.  He encouraged cutting the culet 
facets at the critical angle plus at least 
three degrees.  In every test I have tried, I 
wholeheartedly agree with Glenn Vargas.  
We cannot look at our completed gems 
without tilting the stone a bit…unless you 
happen to have a hole in your head 
which allows the light to go directly 
down into the gem, to the culet, and then 
bounces back to your eyes.  Every time 
that I have experimented cutting close to 
the critical angle and also a few degrees 
added to the critical angle, I experienced 
no more brilliance that I could detect by 
cutting close to the critical angle.  I sure 
did notice though that it was easy to 
detect light leakage.  So my advice is to 
always add at least three or four degrees 

to the critical angle.  You will be happier 
with your faceting results.

My best design so far is called SPARKO 
THREE.  It is a round shape that always 
looks excellent.  I started with Sparko 
Three and by omitting the Crown D facets 
used GemCad to stretch it into an oval 
shape.  As an experiment I recently cut a 
medium blue colored boule of synthetic 
Spinel into three pieces, then faceted each 
piece to my new design that I simply call 
SPARKO OVAL.  All three of the faceted 
gems have the same facets and angles on 
their crown.  But the pavilion culet angles 
of the three versions of the gems are not 
the same, they have angles that vary.  

Look at (design SPARKO OVAL #3), 
which has the pavilion P1 culet closing 
facets ranging from 42 to 30.52 degrees.  
The spinel critical angle is 35.0 degrees, so 
the facets with angles at 30.52 degrees are 
less than the critical angle and do show 
light leakage windowing out the bottom 
of the gem that can easily be seen.  The 
gem is still very pretty and does sparkle 
though.  It would be an eye catcher 
hanging as a necklace from your lady’s 
soft neck.  This gem’s total height is quite 
compact and it would be easy to mount 
into standard jewelry settings.  

But I was not satisfied with that gem and 
decided to use angles that were deeper.  
Now look at (design SPARKO OVAL #2), 
which has the pavilion P1 culet closing 
facets ranging from 47.98 to 36.0 degrees.  
This makes them all just above the critical 
angle of Spinel.  There is still very slight 
light leakage if you tilt the gem, but it is 
difficult to see unless you really know 
what you are looking for.  The stone ends 
up with a deeper overall total height but 
would be no problem with use of 
standard jewelry settings.  It is a pretty 
gem with lots of sparkling flashes of light 
as the gem is moved.  

Still looking for something better I 
decided to cut the third stone even 
deeper.  Look at (design SPARKO OVAL 
#1), which has the pavilion P1 culet 
closing facets ranging from 51.04 to 39.0 
degrees, which makes even the lowest 
angle to be four degrees added to the 
critical angle of spinel.  I am happy with 
this stone.  It is very pretty with many 
flashes of light and would be a knockout 
for any deserving woman to wear.  There 
are some possible problems though with 
this gem.  The blue is now much darker; 
the Spinel looks like a fine Blue Sapphire.  
The stone ends up much deeper in overall 
total height and offers some problems 
depending upon how it is to be mounted 
in jewelry.  But it does not show light 
leakage out the bottom this time.  

On these stones when there was light 
leakage it was through the culet facets at 
index’s 20-28-68-76, in other words at the 
right and left girdle areas that come to 
sharp points in the outline of the ovals.

Included here are Raytraces that I arrived 
at with use of GemCad.  They are 
interesting to study.  For each gem you 
can see how the light rays travelled when 
they entered the crown from the center of 
the table to the right 3 Clock position of 
the table (look at Raytrace C. as an 
example).  The second Raytrace for each 
gem shows what happened when the 
light rays entered the table from the 12 
Clock to the 6 Clock positions (look at 
Raytrace CC. as an example), note that 
the gem with the lowest over all height 
leaked the most light out the bottom of 
the pavilion.  Remember too that these 
raytraces are only about light entering the 
table.  Light entering the rest of the crown 
facets enters into the total results that you 
can expect from the design.  Light 
entering the table is the most important 
though when you are worried about light 
leakage windowing.  
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One final Raytrace (Raytrace CCC.) is 
included here to show you what the 
Raytrace pattern looks like for the 
deepest gem after light enters essentially 
the entire crown.  There is great light 
return and very little leakage out the 
bottom of the pavilion. 

And finally, I have three pictures of the 
completed gems as they looked to my 
camera (Sparko Oval #3, Sparko Oval #2, 
and Sparko Oval #1).  These are for you 
to study and to use for making your own 
conclusions from them.                     
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CCC.  SPARKO OVAL Version #1.  Rays entering the table and also the 

                                                                                                                                        
                surrounding crown facets, essentially the entire crown this time. 
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CC.  SPARKO OVAL Version #1.  Rays entering table from 12 to 6 Clock. 

 
            R.I. 1.72.  Critical Angle 35.0 degrees.  For Spinel. 
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C.  SPARKO OVAL Version #1.  Rays entering from table center to 3 Clock 

 
        R.I. 1.72.  Critical Angle 35.0 degrees.  For Spinel. 
 
        This design has the largest overall height, deepens color, and may be a problem 
        for mounting in standard jewelry settings. 
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SPARKO OVAL  #1

By Glenn Klein
Angles for R.I. = 1.720
57 + 8 girdles = 65 facets
2-fold, mirror-image symmetry
96 index
L/W = 1.465  T/W = 0.842  U/W = 0.566
P/W = 0.758  C/W = 0.182
Vol./W! = 0.507

PAVILION

1 51.04° 02-46-50-94 Mains.  Cut to a center point.
48.34° 06-42-54-90
39.00° 20-28-68-76

2 60.90° 01-47-49-95
59.47° 07-41-55-89 Cut to meet points of #1 facets.
52.81° 21-27-69-75 Cut to meet point of #1 facets.

3 65.60° 04-44-52-92 Cut to tips of #1 facets.
60.36° 16-32-64-80

G1 90.00° 04-44-52-92
90.00° 16-32-64-80

CROWN

A 53.71° 04-44-52-92 Establish the girdle thickness.
47.35° 16-32-64-80

B 40.00° 96-48 MAINS. Cut to the desired girdle thickness.
35.26° 09-39-57-87
30.38° 24-72

C 23.78° 04-44-52-92 Cut to meetpoints of A and B facets.
18.63° 16-32-64-80

T   0.00° Table Table

The Critical Angle is 35.0 degrees for Spinel with an R.I. of 1.720.

This is a gem having a greater total depth (height), but deepens  

color and does not show windowing light leakage.

C:\DOCUME~1\GLENNK~1\MYDOCU~1\MYPICT~1\GEMCAD~1\SPA5FB~1.GEM
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BB.  SPARKO OVAL Version #2.  Rays entering table from 12 to 6 Clock.             R.I. 1.72.  Critical Angle 35.0 degrees.  For Spinel. 
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B.  SPARKO OVAL Version #2.  Rays entering from table center to 3 Clock.  
       R.I. 1.72.  Critical Angle 35.0 degrees.  For Spinel. 
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SPARKO OVAL  #2  

By Glenn Klein
Angles for R.I. = 1.720
57 + 8 girdles = 65 facets
2-fold, mirror-image symmetry
96 index
L/W = 1.465  T/W = 0.842  U/W = 0.566
P/W = 0.681  C/W = 0.182
Vol./W! = 0.473

PAVILION

1 47.98° 02-46-50-94 Cut to a center point.
45.24° 06-42-54-90
36.00° 20-28-68-76 MAINS.

2 58.18° 01-47-49-95
56.68° 07-41-55-89 Cut to meet points of #1 facets.
49.78° 21-27-69-75 Cut to meet point of #1 facets.

3 63.18° 04-44-52-92 Cut to tips of #1 facets.
57.62° 16-32-64-80

G1 90.00° 04-44-52-92
90.00° 16-32-64-80

CROWN

A 53.71° 04-44-52-92 Establish the girdle thickness.
47.35° 16-32-64-80

B 40.00° 96-48 Mains. Cut to the desired girdle thickness.
35.26° 09-39-57-87
30.38° 24-72

C 23.78° 04-44-52-92 Cut to meetpoints of A and B facets.
18.63° 16-32-64-80

T   0.00° Table Table

The Critical Angle is 35.55 degrees for Spinel with an of R.I. 1.720.

This version leaks light in P1 facets at index's 20-28-68-76 

 

C:\DOCUME~1\GLENNK~1\MYDOCU~1\MYPICT~1\GEMCAD~1\SPA5FF~1.GEM
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A.  SPARKO OVAL Version #3.  Rays entering from table center to 3 Clock. 

 
       R.I. 1.72.  Critical Angle 35.0 degrees.  For Spinel. 
 
      This design has the lowest overall height but the most light leakage. 
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AA.   SPARKO OVAL Version #3.  Rays entering table from 12 to 6 Clock. 

 
            R.I. 1.72.  Critical Angle 35.0 degrees.  For Spinel. 
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SPARKO OVAL  #3

By Glenn Klein
Angles for R.I. = 1.720
57 + 8 girdles = 65 facets
2-fold, mirror-image symmetry
96 index
L/W = 1.465  T/W = 0.842  U/W = 0.566
P/W = 0.552  C/W = 0.182
Vol./W! = 0.418

PAVILION

1 42.00° 02-46-50-94 Mains.  Cut to a center point.
39.30° 06-42-54-90
30.52° 20-28-68-76

2 52.60° 01-47-49-95
50.99° 07-41-55-89 Cut to meet points of #1 facets.
43.82° 21-27-69-75 Cut to meet point of #1 facets.

3 58.07° 04-44-52-92 Cut to tips of #1 facets.
51.99° 16-32-64-80

G1 90.00° 04-44-52-92
90.00° 16-32-64-80

CROWN

A 53.71° 04-44-52-92 Establish the girdle thickness.
47.35° 16-32-64-80

B 40.00° 96-48 MAINS. Cut to the desired girdle thickness.
35.26° 09-39-57-87
30.38° 24-72

C 23.78° 04-44-52-92 Cut to meetpoints of A and B facets.
18.63° 16-32-64-80

T   0.00° Table Table

The Critical Angle is 35.0 degrees for Spinel with an R.I. of 1.720.

This version leaks light in P1 facets at index's 20-28-68-76.

 

C:\DOCUME~1\GLENNK~1\MYDOCU~1\MYPICT~1\GEMCAD~1\SPA5F3~1.GEM



U N I T E D  S T A T E D  F A C E T E R ’ S  G U I L D  N E W S L E T T E R

December 2010 19

6

12

18

24

30

36

42
48

54

60

66

72

78

84

90
<96><96>

A B

CD

T U W

1

23

G1

2
3

A
B

T

L

P

C

SPARKO THREE

By Glenn Klein
Angles for R.I. = 1.720
73 + 8 girdles = 81 facets
8-fold, mirror-image symmetry
96 index
L/W = 1.000  T/W = 0.420  U/W = 0.420
P/W = 0.420  C/W = 0.173
Vol./W! = 0.215

PAVILION

1 39.00° 03-09-15-21-27-33-39-45-
51-57-63-69-75-81-87-93

2 41.99° 02-10-14-22-26-34-38-46-
50-58-62-70-74-82-86-94

3 52.02° 06-18-30-42-54-66-78-90

G1 90.00° 06-18-30-42-54-66-78-90

CROWN

A 57.89° 06-18-30-42-54-66-78-90

B 38.00° 96-12-24-36-48-60-72-84

C 22.10° 06-18-30-42-54-66-78-90

D 13.34° 96-12-24-36-48-60-72-84

T   0.00° Table

Angles for dark colored Spinel are shown.  

If cut in light color Spinel, change P1 from 39 to 40 and 

CB from 38 to 40 degrees.

This will darken the color and make a slightly deeper pavilion.

C:\DOCUME~1\GLENNK~1\MYDOCU~1\MYPICT~1\GEMCAD~1\SP70DF~1.GEM
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After reading Keith Wyman’s article in 
the September 2010 USFG newsletter 
about tools for competition cutting, it got 
me to thinking about faceting for 
accuracy or perfection. 

My father taught me that only God is 
perfect and that each of us should strive 
to do our personal best.  I have tried to 
live by those teachings, yet, on many 
occasions, I still feel the need for 
perfection.  Meet point faceting seems to 
almost imply perfection by its very name.  
But, as my mentor, Will Smith, would 
advocate, “You don’t have to be perfect.  
If your spouse finds your newly polished 
gemstone beautiful to the naked eye, then 
you have achieved your goal.”  (He 
would have liked my father.)  Wise words 
to live by, but I still feel the need for 
perfection when I’m faceting.

By definition, I am still very much a 
novice (read: newbie).  Having cut only 
half a dozen stones, I was hesitant to 
enter the USFG Competition.  However, 
Mr. Smith provided the needed incentive. 
He said that in the very least, I would 
attain good practice in competition 
cutting, and he was correct.  My outcome 
was Novice Certification, and I was very 
pleased.  But, I still felt the need to 
“push” myself beyond my personal best, 
and to find out why I didn’t score higher.  
Let’s face it, a perfectionist wants a score 
of 100!

Though I discovered faceting late in life, I 
was quickly drawn to it.  Being a scientist 
and a mathematician, I found that 
faceting stimulated my mind and fulfilled 
a part of my inner self. But again, my 
inner self wanted perfection.  Dilemma.  
So I set out to find the difference between 
accuracy and perfection, and a way to 
ease my troubles.

Accuracy is defined as “the quality of 
being near to the true value.”  Perfection 

is defined as “a state of completeness and 
flawlessness.” From these definitions, I 
must conclude that from the standpoint 
of novice faceter, one should strive to 
achieve accuracy.  But, at what level? The 
naked eye? A 10 power loupe?

Medical research asserts that the accuracy 
of the human eye is approximately 
0.25mm +/- 0.1mm.  With the assistance 
of a 10 power magnifier, that accuracy 
would increase to 0.025mm +/- 0.01mm.  
As for the girdle, the majority of my 
stones have had a girdle width of about 
0.4mm; the USFG Novice competition 
stone’s girdle width was 0.3mm +/- 
0.1mm, so these widths were well within 
my realization. 

But a caliper can not accurately measure 
the girdle since it is not flat.  And even a 
caliper has some degree of inaccuracy 
(+/- 3 to 5 %).  Mr. Smith recommended a 
magnified reticule (see Figure 1).  An 
internet search will turn up a number of 
sites that sell these instruments.

A reticule is a fine measurement reference 
set in the eyepiece of an optical device, 
typically cross-hairs like those seen in the 
sight of a rifle’s scope.  When I was 
younger, I worked in a research lab that 
performed photomicroscopy.  In every 
photo, there was a graticule slide to 

provide a measurement reference, so Mr. 
Smith’s suggestion was very valid. (A 
graticule slide is a measurement reference 
placed next to the microscope image).  
The reticule helped me immensely and I 
highly recommend its purchase for 
competition cutting.  

I then purchased two more magnifiers: an 
LED illuminated 60x and a digital 200x 
(see Figures 2 and 3). Both can also be 
found on the internet using any search 
engine. 

 The 60x has decent glass optics with 
white LEDs for illumination and it 
provides a fair view.  The 200x scope is a 
digital videoscope like the one used and 
sold by Wayne Emery at 
www.thelittlecameras.com.  This is very 

In Pursuit of Accuracy: A Novice’s View
by Howard R. Bromley, M.D., M.B.A.

Figure 1: 8x magnified reticule

Figure 2: 60x LED loupe magnifier

http://www.thelittlecameras.com
http://www.thelittlecameras.com
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useful as it allows you to capture a 
photographic image of the item. 

With the use of either one of these, I could 
obtain better accuracy. The digital 
magnifier connects to a computer (using 
MS Windows XP or greater).  Some 
models include measurement in the 
software package.  

If you don’t have software measurement 
ability, a software add-on, called “Screen 
Calipers”, is a very useful tool that allows 
you to measure anything on your 
computer screen, no matter what the size 
or magnification. A demo can be 
downloaded in zip format from http://
iconico.com/caliper/.  It is a very simple 
program to use.  It automatically 
calibrates to the pixel size on your screen.  
First, you measure a known reference in 
the photo, such as a ruler or a highly 
accurate width, such as a tightly tolerant 
1mm rod (which can be purchased at 
McMaster-Carr, www.mcmaster.com).

Next, you recalibrate the program to the 
units of measure that you want to use, 
such as millimeters.  The pixel number 
then changes to millimeters (to 4 decimal 
points of accuracy).  Now you move the 
calipers to one end of the object to be 
measured, then open the jaws to the other 
end.  Viola! You have a very accurate 
measurement of the object in question.

Armed with better tools and accuracy, my 
first objective was to check the accuracy 
of my reticule.  In Figure 4a, you see a 
photo taken through the reticule with a 
common millimeter rule in the 
background.  Due to the depth of field 

restrictions of the videoscope, it’s 
impossible to achieve clarity of both the 
reticule and the ruler. 

Figure 4b shows the calipers on the ruler, 
center line to center line, and recalibrated 
to 1mm.

The next Figure (4c) shows the caliper 
measuring 1mm on the reticule.  Notice 
that the reticule’s scale is smaller by 
nearly 0.06mm.

In the final series of these photos (Figure 
4d), I’ve used the 1mm rod as my 
reference.  

I cut my competition stone’s girdle using 
the 8x reticule as my measurement 
source, and I cut it to just below 0.4mm.  
As you can see in the above Figure (4d), 
the reticule is off by 0.06mm (or 6%).  So 
if I cut the girdle to 0.4mm, it was 
actually about 0.425mm, and thus beyond 
the maximum accepted limit for 
competition.  Now that I am aware of this 
problem, I can cut more accurately.  And, 
I know why I had points taken off for my 
stone’s girdle width.  I can now take a 
photo of the girdle with the stone on the 
dop and quickly ascertain its true width. 
First issue solved.

But, what about meet points? If the naked 
eye can recognize a 0.25mm gap between 
meet points, that would be a significant 
faceting flaw.  And, what about the 
accuracy of the angles?

I started to look closely at my wife’s gems 
and noticed imperfect meet points.  I also 
noticed flawed meet points on every gem 
that I looked at in every jewelry store that 
I visited.  Not all had visually identifiable 
gaps, but they appeared “off”.  Will Smith 
had previously told me that I would find 
meet point imperfections on commercial 
gems since most are cut by hand. He was 

Figure 3: 200x videoscope

Figure 4a: Reticule and ruler

Figure 4b

Figure 4c: Caliper measuring reticule

Figure 4d

http://iconico.com/caliper/
http://iconico.com/caliper/
http://iconico.com/caliper/
http://iconico.com/caliper/
http://www.mcmaster.com
http://www.mcmaster.com
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absolutely right.  As faceters, we strive for 
better accuracy.

I then looked at these gems with a 10 
power loupe.  Indeed, the points did not 
meet properly and many were not 
symmetrically cut. Armed with the 
videoscope, I could see, in real time, the 
actual meet points.  Second issue solved!

The last issue, the accuracy of angles, 
turns out to be only partially solved by 
software, but with a bit more work.  
Iconico also sells a digital screen 
protractor (www.iconico.com/
protractor).  It works just like the screen 
calipers, and is accurate to 4 decimal 
places in degrees, radians, minutes, 
seconds, etc. Figure 5 shows a picture of 
one of my stones on the dop, with the 
protractor noting the 90 degree side 
angle.

But what about other angles?  Here’s 
where the problem exists.  The photo 
needs to be taken so the angle to be 
measured is perpendicular to the camera 
plane.  Note in Figure 5 above where I 
took the photo looking directly down on 
the stone.  If I had taken it from any other 
angle, I wouldn’t have been able to 
measure the side angles accurately.  In 
reality, it’s impossible to be certain that 
your camera is exactly perpendicular and 
in the same plane as the angle in 
question.  I’m still working out this issue 
and may report on it in the next 
newsletter. 

I also performed an Internet search for a 
software program that could convert 
photographs into wire frame or vector 
images, thus producing a sharper, more 
accurate measure.  Such programs do 
exist, but are much more costly, some in 
the $1000 range.  I did find a shareware 
program, Photo To Sketch (http://photo-
to-sketch.en.softonic.com) which does a 
decent job of converting a JPEG photo to 
a pen or pencil sketch.  Figure 6 shows 
the same stone in Figure 5 converted to a 
pen sketch. 

The Photo To Sketch program is a crude 
vectorization program.  Photos taken by 
digital cameras are saved in a raster 

format, made up of small rectangular 
pixels (picture elements), the smallest 
elemental point of a photograph.  If you 
own a digital camera that produces 
photos comprised of 640 by 480 pixels, 
then that would be a 3 megapixel camera 
(640 x 480 = 307200). When magnified, the 
photos start to “pixilate”, that is, the 
pixels become more visible.  Vectorization 
converts a raster image to a vector image.  
Vector images can be infinitely magnified 
without pixelization. The Photo To Sketch 
program is a crude vector edge tracer 
program. 

As I stated earlier, this last measure of 
accuracy, the exactness of faceted angles, 
takes more work and isn’t as accurate as 
any of the previous 2-dimensional 
measurements.  However, it’s a start in 
the right direction.

In summary, I now have the tools to be a 
more accurate faceter.  And, at least for 
me, closer to perfection.  Onward to the 
USFG 2011 competition!  

Figure 5: Protractor measuring angle

Figure 6: JPEG converted to sketch

http://www.iconico.com/protractor/
http://www.iconico.com/protractor/
http://www.iconico.com/protractor/
http://www.iconico.com/protractor/
http://photo-to-sketch.en.softonic.com/
http://photo-to-sketch.en.softonic.com/
http://photo-to-sketch.en.softonic.com/
http://photo-to-sketch.en.softonic.com/
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In the September issue we discussed an 
important instrument for gem ident-
ification, the spectroscope. In this, the 
fourth installment of a planned series of 
articles, we introduce magnification and 
discuss the loupe and the gem micro-
scope as very significant  instruments in 
our quest for proper gem identification.

The Loupe
The jewelers loupe or hand lens is the 
instrument in the gem trade that gets the 
most use. The loupe is portable, 
convenient and easy to use, although 
there are a few tricks that can increase its 
usefulness substantially.

Loupes typically come in magnification 
ranges from 2x to 30x with the 10x loupe 
being the most popular and the most 
useful under most circumstances. With a 
2x lens the object image appears twice as 
large in diameter as its actual size. With a 
10x loupe the object image appears 10x 
larger in diameter. As magnification 
increases, the focal length, which is the 
distance from the surface of the lens to 
the point of focus, decreases. The focal 
length of a 10x lens is one inch, but for a 
20x lens it is 0.50 inch. The depth of field, 
the distance or depth of area that remains 
in focus also decreases with 
magnification. The combination of a 
short focal length or working distance 
and a limited depth of field make high 
magnification lenses significantly more 
difficult to manage.

The type of loupe most useful for the 
gemologist is the triplet, which refers to a 
loupe composed of three lenses.  Single 
lenses suffer from two issues:

CHROMATIC ABERRATION is a 
distortion that causes color fringes 
around the image due to optical  
dispersion of the glass. It is corrected by 
combining two lenses of different 

dispersion, one bi-convex and one bi-
concave. An achromatic doublet is made 
to focus both red and blue light at the 
same location and is typically composed 
of a high dispersion concave flint glass 
element cemented to a low dispersion 
convex crown glass element. The higher 
quality apochromatic lens is made to 
focus red, green and blue light at the 
same location.

SPHERICAL ABERRATION is found in 
curved lenses and refers to the lens’ 
inability to focus light across the lens at a 
uniform distance. The edges of the image 
appear distorted. This can be corrected by 
using two or more lenses of differing 
radii or by using an aspheric bi-convex 
lens. 

A Hastings Triplet is the most common 
form of quality fully corrected loupe that 
is widely available and comprised of 

three lens elements, generally cemented 
together. It is typically superior to both 
the doublet and Coddington lens 
systems.

The diameter of the lens is related to both 
the field of view and the light gathering 
capacity of the lens. A small pocket loupe 
will generally be about 15mm in 
diameter. A larger loupe will be 
approximately 20mm in diameter. 
Interestingly, a number of manufacturers 
note the full diameter of the lens as 
opposed to the actual viewing area. For 
instance, the Gem Oro loupes said to be 
21mm only have a viewing diameter of 
18mm. Likewise I have an inexpensive 
Chinese loupe with built-in LED 
illuminators that claims 20x-18mm that is 
actually only about 12x-16mm. 

Gemology for Faceters #4
by L. Bruce Jones, G.G., F.G.A., D.Gem.G.

The loupe in the top left is a Bausch & Lomb that has served for 30 years. You can buy one today 
for less than $35.  Center left is a Gem Oro 10x loupe followed by a Gem Oro 20x loupe that while 
advertised as a triplet suffers from substantive spherical aberration. Upper right is generic Chinese 
loupe with built in LED light. Bottom right is a GemologyPro Harald Schneider unit that is the 
highest quality 10x Achromatic-Aplanatic Triplet and costs $300. 
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Construction Quality
In addition to the quality of the optics 
the quality of overall construction is 
important. Some loupes have cheap die-
cast bodies with friction rings to secure 
the lenses and under hard use the bodies 
will break and the friction rings will fail 
and the lens elements will fall out. Pivot 
construction is also important. If the 
pivot wears out prematurely the lens 
friction will be lost and the lens will 
dangle from the case. If the pivot fails 
completely the lens assembly will 
separate from the case.

Recommendations
Bausch & Lomb makes a high quality 
Hasting’s Triplet in 10x that can be 
purchased from many suppliers for less 
than $35. With proper care it will provide 
years of service. 

For those for whom only the best will do 
a Gemology Pro Harald Schneider 
10x-20mm corrected triplet can be 
purchased for $300.

Lighting Hints
In many cases the loupe is used where 
there are not many lighting options. In 
such cases it is best to let light enter the 
side of the gem which will highlight 
internal features and still provide a good 
view of the surface of the stone. At times 
you can use reflected light where you 
position the stone with respect to the light 
source such that light reflects off the 
gem’s surface. The reflected light 
technique allows you to see the facet 
junctions, the condition of the polish, any 
surface reaching fractures or 
imperfections as well as any cavities, 
naturals or abrasions. I can only surmise 
that faceting contest judges are highly 
adept at this technique and can see point 
deducting artifacts the rest of us cannot!

A more arcane technique is to use 
darkfield illumination with a loupe. You 
can do this by purchasing a darkfield 
loupe, or, more simply, by taping a piece 
of black paper to the back reflector of  a 
desk lamp. Line the girdle of the stone up 
with the front edge of the lamp reflector 

so that the lamp light is entering the stone 
but the loupe is kept out of the light. You 
will find that the inclusions in the stone 
stand out strongly against the dark 
background. If possible, turn off the room 
lights when you use this technique.

And finally, you will find that diffused 
lighting can be effective in finding curved 
color banding in synthetic flame fusion 
material or diffusion treated stones with 
surface coloration. In this case a 
translucent piece of paper between the 
light source and the stone will often be 
effective.

The Gem Microscope
If I am in out in the field with my 
geologist’s hat on, or at a gem show, then 
a loupe is always around my neck on a 
lanyard. However, if I am anywhere close 
to a gem microscope I abandon the loupe 
immediately and without remorse.

Microscope Types
The gem microscope differs fairly 
significantly from compound 
microscopes used by scientists. Most gem 
microscopes are binocular, in that they 
have two eyepieces the observer uses 
simultaneously with both eyes open. As a 

One effective technique for utilizing a loupe has the index finger inserted through the casing with 
the hand steadied by thumb contact with the cheek and the lens an inch from the eye. The opposite 
hand holds the tweezers with them locked under the little finger of the loupe holding hand. The 
stone then rests approximately an inch from the lens. The printing on the loupe case should always 
face the eye.
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result, viewing is generally comfortable 
for long periods of time. Most gem 
microscopes are stereo units in that there 
is an angular difference between the view 
between each eye so objects are seen in 
3D. Other advantages are that the view is 
spatially correspondent where with a 
compound microscope the view is upside 
down and backwards. Stereo microscopes  
are also designed with lower 
magnification to have a larger field of 
view and good working distances with 
excellent depth of field. In gemology, it 
would be unusual to use more than 100x 
with most work being done in the 10x-30x 
area. Besides gemologists, surgeons, 
engravers, and electronic circuit board 
technicians are examples of people that 
use binocular stereo microscopes.

Background
Microscopy is a complex subject which 
we can simplify somewhat by virtue of 
the fact that we are dealing with gem 
microscopes and not the more 
complicated compound microscopes. 

MAGNIFICATION causes the object 
viewed to appear larger to show detail 
that we cannot see with the human eye 
alone. In microscopy, the magnification is 
the product of the power of the eyepieces, 
also called oculars, times the power of the 
objective lens, which is the lens closest to 
the object being viewed. A typical 10x 
ocular and a 4x objective would give a 
magnification of 40x. The units are 
“diameters,” where an object with a 
diameter of 1mm would be viewed as if it 
were 40mm in diameter. If the microscope 
had a screw-on 2x doubler, the 
magnification would be 80x.

RESOLUTION is the ability of the 
microscope and the viewer to separate 
two close objects as individual and 
distinct. The higher the resolution, the 
smaller the two objects can be and the 
closer together while still remaining 
distinctly separate. Without resolution 
you have empty magnification where 
further detail is not resolved and the 
objects combine in a blurred single form.

It is interesting to note that in microscopy 
the size of the object that can be seen is 
ultimately a function of the source 
wavelength. The limitation of a well 
made compound microscope is 
magnification of 1000x (1400x with oil 
immersion), yet because the wavelength 
of electrons is very much shorter than 
that of photons an electron microscope 
can magnify over 100,000x.  

Gem Microscope Components
Today, the majority of quality gem 
microscopes have zoom capability such 

that the magnification is continuously 
variable over a certain range. For example 
0.7x to 6.4x engraved on the zoom knob 
represents the objective magnification 
and would give you an effective range, 
with 10x eyepieces, of 7x to 64x. if the 
eyepieces were 15x the range would be 
10.5x to 96x.

The components shown in the image 
below are fairly self explanatory and are 
common to most gem microscopes.

The first step in using the gem 
microscope is to properly focus the unit.

The author’s trinocular Zeiss Stemi SV-8 mounted on a Gemological Products base.
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Focusing
To focus the microscope turn on the unit 
and adjust the rheostat so ample light is 
emitted from the light well. Place a gem 
or other object in the center of the field of 
view and set-up for 10x magnification. 
Look through the right ocular (e.g. 
eyepiece) with your right eye, keeping 
both eyes open and focus on the object by 
turning the focusing knob on the 
microscope until the object is clear and 
sharp. Now, leave the focusing knob 
alone and look through the left ocular, 
turning the focusing ring at the base of 
the ocular until the object is in focus. 
Now look through both eyepieces and 
adjust the distance between them if 
necessary. The object should be in clear 
and coherent three dimensional focus.

Some people have trouble keeping both 
eyes open and focusing with one eye. In 
that case you can remove the alternate 
ocular that is not in use. Remove the left 
ocular while focusing the right and vice 
versa. 

Types of Lighting 
DARKFIELD ILLUMINATION is the 
most useful type of lighting for gem 
observation. When the microscope is set-
up for darkfield illumination, light enters 
the gem from the sides and back and the 
background is black, allowing most 
internal features to be highlighted.

Gemological microscopes are set-up with 
dark field illumination specific to 
maximizing the observational capabilities 
with three dimensional objects. More 
darkfield illumination systems are found 
on biological microscopes where they are 
optimized for flat lab slides. These 
systems are not at all suitable for 
gemology and should be avoided. For 
more information see: http://
gemscientist.com/Gemscientist/Blog/
Entries/2010/6/15_Darkfield_ 
illumination.html

BRIGHTFIELD ILLUMINATION or 
transmitted light illumination happens 
when the darkfield baffle is removed and 
light passes directly through the stone 

creating a light background. Brightfield 
illumination is often most useful when 
the iris diaphragm is closed to just under 
the diameter of the stone creating 
pinpoint illumination that is more 
collimated. Low relief inclusions and 
curved striae in flame fusion synthetics 
are best discovered in this configuration.

REFLECTED LIGHTING is quite 
valuable to faceters as it is used to reflect 

light off the surface of the stone and to 
therefore highlight facet junctions, 
inclusions that reach the surface, 
abrasions, polishing marks, ghost facets, 
cracks, crevices and naturals, etc. Most 
gem scopes have an overhead daylight 
fluorescent light and some have a 
separate incandescent spotlight built 
under the pod. A separate fiber optic light 

Darkfield illumination. The black background makes inclusions stand out.

With brightfield illumination the black baffle has been swung out of the way allowing a bright 
background. The effect is most obvious when viewed through the microscope.
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source can be used for reflected light 
observation as well.

DIFFUSED LIGHTING involves placing 
a white diffuser over the light well. This 
can be as simple as the cover of the 
overhead light or a piece of white tissue 
or it can involve a special filter placed 
over the light well. Diffused light softens 
the light and eliminates reflections. It is a 
good way to observe the actual color of 
inclusions or, with a polaroid filter placed 
between the stone and the objective, to 
observe pleochroism in an inclusion.

POLARIZED LIGHTING is very helpful 
in observing strained crystal inclusions, 
twinning, optic figures and birefringence. 
A pair of polaroid filters, one placed 
between the gem and light source, 
designated the polarizer, and one 
between the gem and the objective, called 
the analyzer, is all that is required.

FIBER OPTIC ILLUMINATION takes 
advantage of fiber optic illuminators to 
add an amazing amount of versatility to 
the microscope lighting issue.  Light can 
be added from virtually any angle with 

either fixed-flexible light pipes that stay 
where you place them or by small 
totally flexible smaller diameter light 
pipes to which tips of specific shapes 
and diameters can be added for 
pinpoint illumination and light 
painting. 

IMMERSION is a microscope 
technique where a gem is placed in a 
container of liquid that approximates its 
refractive index (i.e. methylene iodide 
for corundum), thus eliminating surface 
reflections of all types. Immersion can 
be carried out in plain or polarized light 
and with a vertical microscope set-up 
equipped with an immersion cell, or 
more conveniently, with a horizontal 

immersion microscope. Immersion is 
effective for observing curved color 
banding, surface diffusion, plato lines, 

Editor’s Note:  

I’m happy to try to answer any technical gemological or gem instrument related questions for any USFG Member. I’m 
also quite willing to identify any gem material free of charge for USFG members. I can be reached at 208-712-0172 or 
by e-mail at bruce@gemscientist.com

In this case of reflected light no light is coming from the light well. All the 
light is coming from the fluorescent daylight light-source above the stage.

Here the iris diaphragm is closed down beneath the stone allowing the 
brighfield rays to be more collimated. This condition is good for observing 
curved striae.

An incident illuminator provides bright reflected 
light and is controlled by a rheostat separate from  
that of the light well.

Polarizing filters, horizontal immersion 
cell and camera adapter for ocular port.
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gem treatment evidence, country of 
origin inclusion studies, etc.

Photomicrography
Once you’ve invested in a microscope one 
of the most interesting things you can do 
is equip your gem scope with a camera 
system that allows you to take quality 
photographs of internal and surface 
features of gemstones. The subject of 
gem photomicrography is complex 
and the space available here does not 
allow for much discussion. Interested 
readers are directed to the many 
articles written by GIA’s John 
Koivula, the world’s foremost living 
gem photomicrographer and 
inclusion expert.

There are two types of gem 
microscopes suitable for taking 
photos. Most commonly, a binocular 
microscope can be used with an 
attachment that allows a camera and 
adapter to be inserted into the space 
once one of the oculars is removed. 
Virtually all binocular microscopes 
have ocular diameters of either 23mm 
or 30mm and so to order an adapter 
you need to know the appropriate 
size for your microscope. Since most 

adapters screw on to the filter threads on 
the front of the camera lens, you’ll need 
to know that diameter as well.

Some microscopes are trinocular in that 
they have a third viewing port and ocular 
specifically for photomicrography. The 
advantage is that the camera can remain 

mounted while the user is viewing the 
gem through the eyepieces.

Many older microscopes with trinocular 
arrangements came with dedicated 
elaborate film camera systems with 
automatic exposure controls. In their day, 
they were expensive and effective but 
with the advent of new DSLRs they are 
generally superfluous.

Obtaining a Microscope
There are a number of gemological 
microscopes on the market and 
essentially the buyer has three choices, 1) 
purchase a new gemological microscope 
from a reputable source, 2) purchase a 
used complete gemological microscope 
with darkfield/brightfield and reflected 
light capability, 3) buy new or used 
components and assemble a gem scope to 
meet your needs.

New Microscopes

In my opinion the least expensive new 
gem microscope that is of adequate 
quality and has the necessary features is 
the GemOro Elite 1067zx which can be 
purchased for approximately $800.

Next on my personal list would be any of 
the gem scopes made by Meiji, ranging in 

GemOro Elite 1067zx is a passible gem 
microscope for the price.

DSLR camera mounted in 
photoport.

An Eickhorst horizontal microscope base designed for immersion and polarization work. The base 
is fitted with a B&L Stereozoom 5 head.
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price from about $2300 to $3400. These 
gem microscopes are the price-value 
leaders with excellent optics and 
durability.

If you don’t mind shopping in Europe the 
gem microscopes by Eickhorst and also 
by Krüss are excellent pieces of 
equipment. 

I absolutely would not buy a new 
gemological microscope from anyone 
else. No eBay Amscope models nor 
anything offered by GIA which, in my 
opinion, is overpriced for the quality 
currently offered.

Used Gem Microscopes

Older GIA Gemolites with Bausch & 
Lomb or American Optical heads can be 
found on eBay at reasonable prices and 
make excellent scopes. It is absolutely 
preferable to buy quality used equipment 
as opposed to buying cheap new 
equipment that will not provide adequate 
service, reliability and longevity. 

If you can find used Meiji, Eickhorst or 
Krüss scopes, by all means consider them. 
All others not mentioned here should be 
viewed as suspect.

Assembling Components

Assembling a gemological microscope 
from used and new components is an 
excellent idea that has one significant 
drawback. There have been very few 
dedicated quality dark-field illumination 
systems made for gemological 
microscopes. The quality of the darkfield 
illumination in a gem scope is at least as 
important as the quality of the optics.

There is only one producer of high 
quality gem microscope bases where you 
can pick your optics and have them 
mounted, and that is Jeff Wildman’s 
Gemological Products in Sunriver 
Oregon. (http://gemproducts.com). Jeff 
sells quality refurbished microscope 
heads (Nikon, Leica, Leitz) that can be 
mounted on his incomparable base 
resulting in a system of the highest 
quality.  Jeff will also mount virtually any 
microscope head you can find to his base, 

including those by Zeiss and Wild that 
require significant modification to fit.

It’s important to note that there are a lot 
of quality used microscope heads 
available with excellent optics. Years ago 
the best microscopes were made in 
Germany and Switzerland by companies 
like Wild, Zeiss, Leica, Leitz and Aus 
Jena, in the U.S. by Bausch & Lomb and 
American Optical and in Asia by Nikon, 
Olympus and Meiji. Some of these 
companies are no longer in business and 
others have outsourced manufacturing to 
Asia where in some cases quality has 
suffered making an older microscope a 
much better buy. A list of microscopes to 
buy and avoid can be found here: http://
www.absolute clarity.com/buy& 
avoid.htm

A Faceting Set-up

In some cases a faceter might not be 
interested in the gemological separations 
and determinations a microscope can 
help make. In this case a simple stereo 
microscope equipped with a ring-light 
and mounted to a base and boom 
configuration can assist with detailed 
microscopic viewing while the stone is on 
the dop. Older Bausch & Lomb 

Stereozoom 5 heads were made by the 
thousands and can be found on eBay 
occasionally at prices below $300 and 
these seem to be particularly well suited 
to this application.

Applications in Gem 
Microscopy
We’ve discussed some of what you can 
accomplish with a gem microscope. 
Besides evaluating gem quality in terms 
of color, cut and clarity and detecting all 
manner of assembled and imitation 
stones, the study of inclusions, although 
complex, is incredibly valuable and can 
tell us much about a stone. Synthetic 
stones have certain characteristic 
inclusions and internal features based on 
the manufacturing technique and 
inclusions in natural stones occur in a 
remarkable and complex variety of forms 
that can tell us about the geologic 
conditions of formation, the geographic 
source of the stone, the stone’s age, etc.

If you are interested in gem inclusion 
analysis there is one body of work that 
easily stands out as being the definitive 
and authoritative source for information 
on the subject, and that is the three 

A B&L Stereozoom microscope with fiber optic ring-light is mounted on a boom and stand that 
allows direct observation of a stone on the dop of a a GMII.
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volume set of the Photoatlas of Inclusions in 
Gemstones by Eduard J. Gübelin and John 
I. Koivula. 

Conclusion
It has often been said that the basis for 
gem identification is the triad comprised 
of the refractometer, the spectroscope and 
the gem microscope. Along with the 
introduction in Gemology for Faceters #1 
we’ve now discussed the main three 
gemological instruments and the four 
articles combined will be placed in the 
USFG newsletter archive as a bonus set.

In the next issue we’ll discuss gem scales 
and balances as well as techniques for 
determining specific gravity.

A Meiji polarizing petrographic compound microscope is a tool used by 
mineralogists and petrologists to identify crushed grains with complex 
optics techniques and to analyze thin sections of rocks in transmitted and 
polarized light. Magnification to 1000x is possible.

This is a thin section of a lamprophyre, an ultrabasic rock from the 
French Bar area of Montana. The rock type is the original host 
material for the Missouri river sapphire deposits around the 
Eldorado Bar and it tells a fascinating story.

An Olympus BH-2 series set up for Raman microanalysis where laser light 
travels through the optic train and the objective lenses directly impinging 
on the sample at a 90° angle. The Renishaw Raman system is confocal and 
can identify virtually any organic or inorganic substance.
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Rob Kulakofsky: Color Wright
Faceting accessories at discount prices and select faceting rough. Also 
slabs, cabbing and carving rough, cabochons, beads and more!
Visit our new warehouse at the Tucson Show.

Web: http://www.color-wright.com
E-Mail: rk2@color-wright.com
Tel: (toll-free) 877-548-1439

Marsh Howard
Manufacturer of the “LL” Lightning Lap™
Lapidary solutions for the 21st Century

Web:  http://www.Lightninglap.com
          http://MagDop.com
E-mail: facetor98@yahoo.com
Tel: 423-244-1798

John Franke: Facet Shoppe
Since 1990, we promote the art of gem cutting by offering information, 
rough and cut gemstones, lapidary equipment and supplies for faceters of 
all skill levels, and maintain the Datavue Gem Design Database. NO e-mail 
— write or call for free price list.

Web: http://www.gemcutter.com
E-Mail: facet@gemcutter.com
Tel: 360-443-6313

Jerry Newman: Gemart Services
Custom gemstone faceting and lapidary service including repair/recutting 
of damaged stones. Exclusive dealer for the Vargas Pol-A-Gem laps for 
superior scratch-free gemstone polishing.

Web: www.gemartservices.com
E-Mail: gemartserv@dc.rr.com
Tel: 760-770-6599

John Kilian: The Kilian Collection
“We sell faceted gemstones, gem rough, mineral specimens, jewelry and 
decorator pieces. The site features specimen picture galleries and a picture 
chronology of my faceting activity.”

Web: http://www.kiliancollection.com
E-Mail: info@kiliancollection.com
Tel: 206-963-9065 or 520-229-3209

Glenn Klein, G.G.
Author, Historian, Competition Faceter. To learn about Faceting History, what 
equipment was used and what methods were used through the centuries in 
fashioning diamonds and faceting colored stones, check my website to
get information for ordering my new book: Faceting History: Cutting 
Diamonds & Colored Stones.

Web: www.glennklein.com
E-Mail: glennklein@yahoo.com

Jonathan L. Rolfe: Gearloose
Online articles illustrate how to build your own laps, faceting machines, 
digital angle readouts for existing production machines. Some examples of
Jon’s gem cutting appear & information re his BATT Lap. There are links to 
other gem cutting sites and organizations.

Web: http:www.gearloose.com
E-Mail: USFG@gearloose.com

L. Bruce Jones, G.G., F.G.A., D.Gem.G: Gemscientist
Gem research work and electron microprobe quantitative chemical analysis  
and inclusion identification. Raman confocal microscopy and x-ray 
diffractometry studies.  Free gem I.D.s on colored stones for USFG 
Members. Currently authoring book on gem instruments.

Web: http://gemscientist.com
E-Mail: bruce@gemscientist.com
Tel: +1 208-712-0172

Jean Marr: MystiCrystals, Gifts from the Heart of
the Earth
Our searchable website features information about our show schedule, 
gemstone jewelry, faceted gemstones, custom faceting, gem trees, gem 
tree supplies, facet rough, and contains articles by Jean on gemmology and
faceting.

Web: http://www.mysticrystals.com
E-Mail: sales@mysticrystals.com
Tel: 336-595-3870

John Wright: Gems by John
Step by step faceting photos & instructions, faceting rough, faceted 
gemstones, custom & handmade jewelry with colored stones.

Web: http://www.gemsbyjohn.com
E-Mail: JohnWright@gemsbyjohn.com
Tel: 859-539-2407

Paul Head: GemCadWin Tutorial
The file is in PDF format, consisting of 116 pages and 240 figures. If sent as 
an email attachment the price is $50.00. If sent as a CD by surface mail the 
price is $55.00. Pay by check, cash, or money order. Free on line assistance 
will be available for registered buyers.

E-mail: dmhpah@cox.net
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Treasurer:	 	 Jeff Ford		 Kalamazoo, MI
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Dues and Newsletter Policy
Membership cards are no longer being  issued. Need to know when your 
membership expires? Your membership expiration date will be within the email 
containing your newsletter notification.

All members receiving a DUES DUE issue will receive one more
complimentary issue bearing a FINAL REMINDER notation.

For ALL members who elect not to renew their membership (and death is really the 
only acceptable excuse), the FINAL REMINDER will be your final issue.

The USFG Newsletter is a quarterly publication of the United States Faceters Guild, 
published in March, June, September and December. It is delivered by email only, 
to all paid members of the Guild. Membership dues are an incredibly reasonable 
$18 per year (USD) and are payable to the USFG Treasurer.

Please help us grow the organization by recommending membership in the USFG 
to fellow faceters.

Opinions expressed are those of the editor, contributing members, or quoted 
authors, and do not necessarily represent the United States Faceter’s Guild or its 
membership.

The newsletter is for the express purpose of sharing information with the members 
and other faceting guilds, and has no intent to show preference to, or cause damage 
to, any person, group, product, manufacturer or commercial company.

Newsletter Submissions
Correspondence concerning the content of the newsletter, exchange bulletins and 
newsletters should be sent to the editor.  Items submitted for publication in the 
newsletter should be sent to the editor as well. The e-mail address for the editor is: 
bruce@gemscientist.com

We’re always looking for new ideas and contributions to the content of the 
newsletter, so if you would like to make a suggestion or a submission, please e-mail 
the editor.

Please try to submit newsletter items no later than the 20th of the month preceding 
the publication date.

New Members
A warm welcome to our latest members:

Jonathan Enck
Elmer Kitchell
Letitia Rhodes
Clint Webb

USFG Website
http://www.usfacetersguild.org/

http://www.usfacetersguild.org/
http://www.usfacetersguild.org/


USFG Single Stone Competition – Cutter Entry Form
Please include a signed copy of this form with your stone, entry fee, return packaging and return postage, a  6” x 9” 

bubble padded envelope or box is recommended for return.  
Please use a 1-1/8” clear stone cup if possible.  Entry Deadline is June 20, 2011

Entries may be mailed to: Mr. Jeff Ford, 2410 N 2nd St, Kalamazoo, MI 49009

Name: 

Address: 

City/zip 
(country)

Phone: 

Email: 

The most common questions about the USFG Single Stone Competition:
1. This is a closed competition; cutters MUST be current members of the USFG.  Membership 

application/fees/renewals may be submitted with the cutters entry.
2. This is a single stone event; one cutter, one class, one stone.  Cutters may not enter multiple stones 

and/or classes.
3. Cutters may not enter stones in classes below prior certifications levels.
4. Cutters may challenge higher classes, BUT it is highly recommended that they have another cutter 

honestly evaluate their cutting skills before doing so.
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Entry Class 
(circle one) Novice Novice PreMaster Master Master Grand Master 

Entry Fee
(US funds) **FREE****FREE** **FREE** **FREE****FREE** **FREE**

Stone Data (if 
known) 

Stone Size, mm Stone Size, mm Stone Color Stone Color 
Stone Data (if 
known) 

Stone Species Stone Species Stone Weight Stone Weight 

Faceting Machine used?
(optional)

Faceting Machine used?
(optional)

Faceting Machine used?
(optional)

Entry Type
?

(circle one)

Anonymous Entry - Yes, I wish to enter as 
”Anonymous” Note: Scores still may be 

reported, but only identified as “Anonymous 
Entry”

Anonymous Entry - Yes, I wish to enter as 
”Anonymous” Note: Scores still may be 

reported, but only identified as “Anonymous 
Entry”

Anonymous Entry - Yes, I wish to enter as 
”Anonymous” Note: Scores still may be 

reported, but only identified as “Anonymous 
Entry”

Anonymous Entry - Yes, I wish to enter as 
”Anonymous” Note: Scores still may be 

reported, but only identified as “Anonymous 
Entry”

Public Entry - Yes, I wish to have my name & 
score “Public” and reported as such.

Public Entry - Yes, I wish to have my name & 
score “Public” and reported as such.

Public Entry - Yes, I wish to have my name & 
score “Public” and reported as such.

Note: All cutters (Anonymous or Public) will be entitled to receive awards and/or certification for qualifying 
scores.   If NO selection is made above, it will be assumed that the cutter wishes to enter their stone entered 

as “Public Entry” 
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as “Public Entry” 

Signature / Date Signature / Date 
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Mini Cushion Barion Square
USFG 2011 SSC Master Stone
Designed by Alexandre Wolkonsky 
Angles for R.I. = 1.760
69 + 16 girdles = 85 facets
4-fold, mirror-image symmetry
96 index
L/W = 1.000  T/W = 0.599  U/W = 0.599
P/W = 0.533  C/W = 0.151
Vol./W³ = 0.310

PREFORM
PF1 41.31° 01-23-25-47-

49-71-73-95
PF2 40.16° 03-21-27-45-

51-69-75-93
G1 90.00° 01-23-25-47-

49-71-73-95
G2 90.00° 03-21-27-45-

51-69-75-93
PAVILION

G1 90.00° 01-23-25-47-
49-71-73-95

G2 90.00° 03-21-27-45-
51-69-75-93

P1 67.79° 01-23-25-47-
49-71-73-95

P2 68.00° 03-21-27-45-
51-69-75-93

P3 41.80° 03-21-27-45-
51-69-75-93

P4 41.00° 09-15-33-39-
57-63-81-87

CROWN
C1 40.03° 01-23-25-47-

49-71-73-95
C2 39.84° 03-21-27-45-

51-69-75-93
C3 37.00° 96-24-48-72
C4 28.28° 08-16-32-40-

56-64-80-88
C5 23.78° 04-20-28-44-

52-68-76-92
T   0.00° Table

Material - Synthetic Corundum - any color
Width - 12mm +/- .1mm
Girdle - .3mm +/- .1mm
C:\0 USFG\2011 SSC\1-Patterns\3- 2011 SSC Master.gem

Editor’s Note:  This is the revised pattern 
for the 2011 SSC Master Stone. There 
was a mistake on the previous pattern 
as the G1 & G2 order should be 
reversed. The new GemCad file is 
available at the USFG Web site.



UNITED STATES FACETER’S GUILD
Application for Membership

Membership to the USFG is open to faceters or people interested in faceting everywhere.  Our primary goal is to improve the 
art and science of faceting through our newsletter and correspondence.  Our secondary goal is to improve competitions and 
competition rules both in the US and internationally.  Officers are elected every two years for 2 year terms, taking place in 
even years.  Members will receive our Quarterly Newsletter - usually about 20 pages each, and the right to participate in the 
USFG activities.  The By-Laws of the USFG may be reviewed at our website.
http://www.usfacetersguild.org/docs/USFGbylaws.pdf  

Name ________________________________________________________ Date _________________________ 

Street Address _________________________________________________ Telephone ____________________ 

City, State, Zip ________________________________________________ E-mail _______________________ 

I am interested in becoming a faceter ______   I have been faceting for_________ yrs

I have a display case ____ 12 stones ____ 20+ stones ____ Educational _____ Other ______________ 

Competition experience/ Certifications:  Junior_____ Novice _____ Intermediate/PreMaster _____   Master ______ 

Which machine(s) do you cut with? _________________________________________________________ 

Do you cut commercially? ____________________________ Are you a dealer?  ______________________ 

Have you given talks or written articles on faceting? _______________________________________________ 

Special talents or interests to share? ____________________________________________________________ 

Membership (all locations) is $18 USD for one (1) year - please remit US funds only.
As a convenience members may choose to renew for multiple years at $18 per year.

Please make checks payable to the “USFG”
Mail this form with payment to:

Newsletter Delivery FormatNewsletter Delivery Format

USFG Treasurer 
c/o Jeff Ford
2410 N 2nd St
Kalamazoo, MI 49009 

Downloadable via the web
Adobe PDF - Portable Document Format
March – June – September - December

Email notification will be sent to current members with Weblink and 
password to open the document.

Downloadable via the web
Adobe PDF - Portable Document Format
March – June – September - December

Email notification will be sent to current members with Weblink and 
password to open the document.

E-mail for the Treasurer  
treasurer@usfacetersguild.org 

E-mail for the Editor editor@usfacetersguild.org E-mail for the Editor editor@usfacetersguild.org 

Please feel free to copy or use the back of this form for additional information or special instructions.Please feel free to copy or use the back of this form for additional information or special instructions.Please feel free to copy or use the back of this form for additional information or special instructions.
Membership questions may be sent to  Jeff Ford or  membership@usfacetersguild.org Membership questions may be sent to  Jeff Ford or  membership@usfacetersguild.org Membership questions may be sent to  Jeff Ford or  membership@usfacetersguild.org 

Please circle onePlease circle onePlease circle one

New Membership Renewal Returning Member

http://www.usfacetersguild.org/docs/USFGbylaws.pdf
http://www.usfacetersguild.org/docs/USFGbylaws.pdf

