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USING A STANDARD BASE-LINE FOR TANGENT 
RATIO SCALING  

BY JIM PERKINS, 

ACCREDITED JEWELRY PROFESSIONAL, G.I.A. 

 

It seems to be part of my nature to look for ways to 
improve things that I work with and gem designs are no 
exception. When I first learned to facet I was happy with 
the first stone I cut. However, I knew there was 
something better regarding optical performance. Years 
later I began to study optical performance of sapphires, 
garnets and quartz. I sought advice from master cutters, 
designers, mathematicians, physicists and chemists 
around the world. Most of them told me there was no 
such thing as “best” with regard to angle choices. That's 
because pattern geometry and personal preferences 
which depends on the way a person sees and what they 
see that attracts them to one design or optical 
performance over another. I was still not convinced 
though that a set of angles didn't exist that would satisfy 
the majority of perceptions. Eventually I managed to find 
a small range of angles for better optical performance 
that fit my ideals if not “the” perfect angle. Many have 
agreed with my choices over the years. When I learned 
to use GemCad® by Robert Strickland and Gem Ray for 
Windows® by Robert Strickland, I learned that I could 
adjust the pavilion and or crown angles when I wanted 
to change from one gem material to another using the 
tangent ratio scaling function within GemCad or Gem 
Ray for Windows. This seemed to work reasonably well 
however at times I did occasionally run into troubles 
getting the results I found satisfactory. Recently I wanted 
to scale SWEETHEART by Jeff Graham from R.I. 1.73. He 
recommended the angles for: Tourmaline, Topaz, 
Peridot, Garnet, Spinel, and Sapphire with no changes. I 
don't like the idea of using universal angles but rather 
specific angles for specific gem materials. I also believe it 
is important to match the crown angles to the pavilion 
angles in order to achieve the best optical performance. 
I will concede that there is a larger range of acceptable 
crown angles than there is for pavilion angles. In the past 
I always scaled his design from the original angles to 
38°/36° which I find to be optimum angles for 
corundum. This worked reasonably well however, I 

found what I believe is a better way recently. Rather 
than using Jeff's original angles for Tourmaline which 
was a favorite material of his. I scaled the angles from 
my re-worked design for quartz. By using the automated 
angle calculator built into Gem Ray for Windows which 
incorporates a widget by Tom Herbst's BOG software 
along with some of my own intuition. I arrived at 
substantially different angles than I did using the method 
most lapidaries would use. That is simply scale the 
angles from the original design using the T/R function 
built into GemCad, When I preformed the ray tracing for 
these angles it was a major “AHA” moment for me. I 
have long known it is best to scale from quartz angles to 
angles for other materials. Rather than taking a design 
for higher refractive index materials and scaling them for 
quartz. The problem is in many examples the pavilion 
angles become too steep and cause substantial 
extinction in the design along with unacceptable 
proportions for standard jewelry settings. Designs that 
start out as quartz designs with good proportions always 
scale best for materials with higher refractive index. I 
had never thought of the quartz angles being a base-line 
for designs. Once I realized the issue I used the original 
design angles and did a comparison to those and  my re-
worked design I scaled for corundum. Since I am not a 
“mathematician” I'm not going to try to prove this 
mathematically to others. I do have extensive training in 
fine and applied arts. Therefore I will rely on that 
expertise to show you my results. Every time I think of 
proving something mathematically I recall Mark Twain's 
saying that “figures don't lie but liars can figure”. I also 
recall another idiom that says, “SEEING IS BELIEVING”. I 
recently learned this originated from THE HOLY BIBLE,  
JOHN 20:24-29 which I feel is a good reference. I would 
therefore submit to the better lapidaries that if you seek 
your perception of the “best” optical performance you 
can achieve based on your preferences. When  you want 
to tangent ratio scale a design from any material to any 
other material, begin by entering the design into 
GemCad using quartz angles and then scale those angles 
to any other material. I don't really consider any material 
with refractive index less than 1.54 even though it is 
popular today to facet opal, and other minerals. I 
consider these stones better for cabochons or collector 
curiosities rather than faceting material. They are 
generally too soft to wear as jewelry without extra 
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ordinary care. Should you desire to facet opal and 
feldspar etc. I would recommend a minimum cutting 
angle of 42° to 43° even though this may be below 
critical angle. Most lapidaries I have consulted tell me 
they cut these for color and not optical performance. 
 

 

 
 

 

 

 

 

 

 

 

 

 

ABOVE: THIS IS A RAY TRACE OF JEFF GRAHAM'S ORIGINAL 
SWEETHEART DESIGN WITH NO CHANGES TO HIS ANGLE 

CHOICES. THE R.I. WAS 1.73.  

 

 
 

 

 

 

 

 

 

 

 

 

 

ABOVE: I CHANGED THE R.I. IN GEM RAY FOR WINDOWS 
FROM 1.73 TO 1.76 FOR CORUNDUM. THE ANGLES ARE THE 

SAME JEFF ORIGINALLY PUBLISHED. 

 

 

 

 

 

 

ABOVE: MY RE-WORKED SWEETHEART, USING QUARTZ 
ANGLES AND THEN SCALED AND ADJUSTED FOR CORUNDUM 

USING MY QUARTZ DESIGN AS A BASE-LINE. 

 

Editor’s Note: All of Jim’s designs are on the following three 
pages, in the same order as above, i.e., Jeff Graham’s original 
design, Jim Perkins’ revised design for corundum, and last Jim 
Perkins’ revised design for quartz. 

Chris Bayus   South Hillsborough, NC 
Kenneth Blattman  Santa Maria, CA 
Dr. Aaron Cadaret, PhD Morrow Bay, CA 
Jerry Call   Little Switzerland, NC 
Natalia Dikareva  Moscow, Russia 
Arman Egiazarian  Moscow, Russia 
Sandy Fallin   Hiawassee, GA 
Clyde Gilbert   Dahlonega, GA 
Bill Hart   Marietta, GA 
John Kiser   Pisgah Forest, NC 
Andrew Kornilov  St. Petersburg, Russia 
Dr. Richard Locke, PhD Los Osos, CA 
Ray Metrick   Lake City, FL 
Anders Osterlund  Lulea, Switzerland 
Pavel Smirnov   Moscow, Russia 
Beth Stier   Keego Harbor, MI 
Virginia Westra  Santa Cruz, CA 

Welcome New Members 
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President's Message 

by Will Smith 

 

 

 

t is getting close to the end of my 
term as President.  Bruce did not tell 

me how work intense it would be, but I 
believe the Board, working together, has 
accomplished a lot of needed changes.  

I’m learning at 75 it is not as easy to “get it done” as it used to 
be.   
 
Since Jeff’s death, many have been working to take over his 
work and we’ve tried to spread it out so more members have 
the chance to participate in the business of USFG.  Adding 
more people means change and misunderstandings.  Part of 
our goal has been to try and get more faceters to participate 
in the annual competition.  Competition is a learning 
experience for all skill levels of faceting.  The USFG SSC Rules 
make sure the competition is fair and balanced for everyone 
who competes.  A committee was established to review the 
process and see if anything could be done to attract more 
participation and evaluate if other forms of competition 
should be considered.  It created a conflict with the SSC 
committee and in doing so I hurt the feelings of two great 
Board Members, Jim Clark and Keith Wyman (a workhorse 
and friend).  Too much was said causing both to resign their 
positions.  I take full responsibility for causing this action and 
will forever feel the pain of this loss.  My apologies to Jim and 
Keith, and to you, the members of USFG. 
 
Now, let me tell you where things stand.  Jim is continuing the 
Faceters List, but it appears Jeff never made him an Owner, so 
it seems to be impossible to add or delete List members.  Jim 
and I have tried to find how to change the ownership to Jim, 
but it seems you can never talk with anyone at Yahoo.  It is 
my hope and understanding that Jim will continue monitoring 
the List, so its current members can continue to use as in the 
past.  Due to concern that we would lose the List, Tom 
Maxwell established another group USFG Faceters just in case 
Jim wants to move everyone over to it.  I appreciate Jim’s 
work and hope he will continue as one of the SSC Judges. 
 
This year, Editor Howard Bromley agreed to stay on an extra 
year, not knowing he was going to start his own medical 
practice that has consumed so much of his time recently.  In 
trying to make a smooth transition, the Board approved Mark 
Oros as Editor. Mark has been helping Howard, and will do 
the 4th quarter newsletter.  Mark made a proposal to the 

Board which was accepted, to include a staff of writers, with a 
transition into the new website.  I think you will like what 
Mark has planned.  Visit his website www.hashnustrones.com 
for more information and read a great story about how he 
choose the name for his business.  You need to thank Howard 
for all his great newsletters and hard work.   
 
I want you to welcome Sue Lichtenberger of Ashland, 
Kentucky as your new Secretary and Treasurer to complete 
Keith’s term of office through the end of the year.  Sue is a 
retired doctor who has found a love for faceting beautiful 
gemstones.  You may have seen Sue around the Frolics’ 
where she has volunteered for a number of years and 
developed the Frolic websites. 
 
The Board has been reviewing a proposal to modernize and 
expand the USFG website.  A decision has not been made, but 
a proposal has been made that seems to be attractive.  It will 
make it easier for members to Login into the “Members Only” 
Section where you can get the newsletter and maybe other 
items made available to members.  The target date is to have 
it up and running in November or December this year.      
 
The Competition Committee is working on designs for the 
2016 SSC.  That information may not get in this newsletter, 
but will be put out in an email and on the website soon. 
 
In the next quarter you will receive information regarding 
nominations for 2016 new Officers and Directors, once the 
Board approves.  You will vote on those nominated and the 
budget during the January 2016 Annual Meeting. 
 
I can say it has been fun as your president, but I do look 
forward to retirement in January.  Your USFG Corporation for 
which you are a member has done a lot over the years to 
promote faceting, but it can do so much more.  To do so, it 
needs volunteers.  For USFG to continue to grow and 
maintain interest in our hobby/business, we must create 
interest in people of all ages, beginners and experienced 
faceters.  It can be done through education, communication 
and competition.  Faceting can hook you for life, once 
introduced to the beauty that comes with faceting a dirty 
looking old rock.  Think about what you can do to be a part of 
the future in your area.   
 
Don’t forget the New Florida Faceters Frolic’ this month.  
Many of the Board will be there to welcome you.  

Will Smith  

I 

http://www.hashnustrones.com
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Tourmaline 
Author: Andrew  Lucas 

Re-printed from the GIA Newsletter, 3/27/2015 
 

 

After witnessing the mining of rubellite tourmaline at the Cruzeiro mine in Brazil, our representative was able to visit the 
factory in China where the mine’s stones are cut. Photo by Andrew  Lucas/GIA, courtesy Cruzeiro  mine. 

 

In April 2014, a team from GIA traveled to Brazil to document some of the country’s most important emerald and 
tourmaline mines. One of the mines the group visited was the Cruzeiro, owned by Nevestones, a family company. 
The Cruzeiro is a prolific Brazilian tourmaline mine that produces about eight tons of tourmaline each year, 20 
percent of which is rubellite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

This is the cutting factory and headquarters of a company that fashions large quantities of tourmaline and other colored 
gemstones for China and the global market. You’ll also witness the creation of a faceted colored stone. 
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        Cruzeiro’s rubellite is fashioned and distributed to the 
market. 
 

 
 

                  
                  
                

               
 

             
 

 

 

Miranda Costa of Miranda Group Co. Ltd. examines parcels of rubellite that were cut at the company’s factory in 
Shenzhen. Photo by Andrew Lucas/GIA, courtesy Miranda Group Co. Ltd. 

 
The Miranda Group started working with rubellite in 2010 and entered into a joint venture with KGK, a global 
diamond, colored stone, and jewelry wholesaler, to acquire and market rubellite in China. At that time, the Miranda 
Group was buying rubellite from Africa. In 2011, they started working with the Cruzeiro mine and its owners, the 
Neves family. 
 

 
 
Today, the Cruzeiro mine, the Miranda Group, and KGK work together to bring Brazil’s rubellite tourmaline to the 
market in China. The Cruzeiro mine provides the rough rubellite to the Miranda Group, which cuts the material. The 
rough crystals are sliced or sawn in the Miranda Group office in Hong Kong, and then faceted and polished at the 
factory in Shenzhen, China. The stones then go to KGK’s factory and offices in Panyu, China. 
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Rubellite rough is sawn at Miranda Group Co. Ltd. facilities in Hong Kong before being sent to the factory in Shenzhen 
for pre-forming and faceting. Photo by Andrew Lucas/GIA, courtesy Miranda  Group  Co. Ltd. 

 
                     
               

                   
              

      
 

 

The factory in Shenzhen was cutting tourmaline as well as morganite during the visit.  
Photo by Andrew Lucas/GIA, courtesy Miranda Group Co. Ltd. 
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After cutting a parcel of rubellite, the factory turned to cutting 
morganite, which has been growing in popularity in China. This 
rough morganite crystal is being sawn as part of the process. Photo 
by Andrew Lucas/GIA, courtesy Miranda Group Co.   Ltd. 

 

 

 

 

 

 
                     

               
             

 

 

 

Maintaining quality cutting procedures, resulting in clean stones, is of optimum 

concern in the factory. Photo by Andrew Lucas/GIA, courtesy Miranda Group Co. 

Ltd. 
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In the United States, the Miranda Group plans to market gems of three carats or smaller, to meet what they feel is the 
right price point for that market. In China, there is a ready market for sizes over three carats, including very large sizes 
of 100 carats or more. 
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The Miranda Group is stockpiling inventory to launch a marketing campaign with 

KGK for bicolor tourmaline. Photo by Andrew Lucas/GIA, courtesy Miranda Group 

Co. Ltd. 

Comparing Brazilian rubellite tourmaline rough to the 
material Miranda Costa used to get from Nigeria, he 
finds the Cruzeiro material to be cleaner, with better 
crystallization and more even color. Mr. Costa sees 
much less Nigerian material on the market today, and 
the prices are much higher than when the company 
was buying large quantities in 2010. 
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Visiting a mining operation and witnessing the challenges involved in bringing colored gemstones out of the earth 
gives you a sense of perspective on how rare and valuable they really are. It’s exhilarating to observe the production 
at a prolific mine like the Cruzeiro, where impressive crystals come right out of the ground in large quantities. It’s 
also satisfying to complete the journey by seeing the rough crystals turned into beautiful faceted stones. Finally, 
seeing the ferocious and increasing appetite of a consuming country for the material puts the relationship between 
supply and demand perfectly in perspective. 
 

 
Andrew Lucas is manager of field gemology at GIA in Carlsbad, California. 
GIA staff often visit mines, manufacturers, retailers and others in the gem and jewelry industry for research purposes and to gain insight into the 
marketplace. GIA appreciates the access and information provided during these visits. These visits and any resulting articles or publications 
should not be taken or used as an endorsement. 

 

ACKNOWLEDGMENTS 
The author thanks Miranda Group Co. Ltd., the Cruzeiro mine, and Nevestones. 
 
 

The Sunrise Ruby 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

With a hammer price of $30,4 million, the 25,59-carat, pigeon-blood-red “Sunrise Ruby” obliterated two 
auction records at Sotheby’s Magnificent Jewels and Noble Jewels sale in Geneva on 11th May. 

geneva
-with-a-hammer-price-of-26-9-million/ 

https://thejewelerblog.wordpress.com/2015/05/12/sunrise-ruby-captures-two-records-at-sothebys-%20geneva-with-a-hammer-price-of-26-9-million/
https://thejewelerblog.wordpress.com/2015/05/12/sunrise-ruby-captures-two-records-at-sothebys-%20geneva-with-a-hammer-price-of-26-9-million/
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The 2015 Single Stone Competition Results 
 
The 2015 Single Stone Competition Committee Co-Chairs decided to publish only the scores of the competitors 
who scored high enough to be certified or awarded a medal in their class.  This is to avoid embarrassing anyone 
because of a very low score and was applied to all classes.  Two novice stones were disqualified, one because it was 
a standard round brilliant and the other because the crown had been offset from the pavilion by 6 index numbers.    
One mastery entry, Denny Bradley was ineligible for a master award since he was required to enter the grand 
master class (he entered it in 2013 and entered the IFC in 2014).  There were three anonymous entries, one in the 
novice, one in the pre-master, and one in the grand master that was sent in as a personal assessment stone. 
 

Novice results: 

 

 

 

 
Participants:   Albert McBee, Beth Stier, Carlos Peixoto, Christopher Bork, Daniel Smith, Diana Skye,  
Doug Augspurger, Edward Holstein, Gerald Smoot, Harry Harris, Keith Arend, Mary-Lisa Orth, Pavel Smirnov,  
Pierre Le Roux, Rick Chapin, Ted Boydston, Wilbert Webb 
 

Pre-Master Results: 

 

 

 
Pre-Master Participants:  Audrey Szymborski, Dale Ruperd, Dennis English, Elaine Songer, Greg Stimpson,  
Jim Marks, Kevin Ellis, Reg Williams, Rita Phagan, Steve Page, Sue Lichtenberger, Vlad Tsikhotskyy, William Parent 
 

Master Results: 

 

     

Participants: Alan Leslie Bartlett, Bruce Rothman, Richard Moriyama, Chuck McCoy 

 

Grand Master Results: 

 

1st 95.1223  Maxim Yanin Moscow, Russia 

2nd 90.6198  Natalia Dikareva Moscow, Russia 

3rd 90.4322  Filinov Pavel Moscow, Russia 

Certified 86.6801  Anonymous   

1st 97.6416  Clara Venter Usakos, Namibia 
Certified 91.2920  Bruce Argall Greenburg, PA 
Certified 91.1106  Sebastien Hourregue Paris, France 
Certified 90.9292  Peter Welty Auburn, WA 

1st 99.8176  Michael O'neill Chehalis, WA 
2nd 98.7231   Nathan Arganbright Pullman, WA 

1st 99.6352  Patrick Dubuc Boischatel, QC, Canada 
1st 99.6352  Dmitry Petrochenkov Moscow, Russia 
2nd 99.2703  James Clark Mesa, AZ 
3rd 98.7231  Charles Lundstrom Tucson, AZ 



UNITED STATES FACETERS GUILD NEWSLETTER                                                                                    VOLUME 25, NUMBER 3 • SEPTEMBER  2015 

16 

Editor’s Corner 
By Howard R. Bromley, MD, MBA 

 
n the military, we use the term 
“Hail and Farewell” to signal either 

the arrival of a new officer, or the 
departure of an old one. In my case, 
this is my last column and newsletter 
as your editor, so it’s my farewell 

column.  
 
After over 30 years of practicing in academia, I saw an 
opportunity in October 2013, and took it. It was my first 
time ever in private practice, but I truly enjoyed it. I was 
busy all the time, but it was a “good” busy.  
 
But, my foray into private practice has started to take its 
toll on both me and more importantly, my family. You 
see, my current job is 95 miles from home. I have rented 
an apartment, so I drive in every Sunday evening and 
return home every Thursday evening after the end of 
clinic. With both of my children grown (but still living at 
home), my wife and I thought that a 4 day a week 
distance marriage would work. It did, at the beginning, 
but after about 9 months we had a family talk and 
everyone, including me, wanted me home. 
 
During the first 9 months, I started paring down most of 
my extra-curricular activities in the hope of making life 
and each week a bit more bearable. Though I thoroughly 
enjoy putting together the USFG Newsletter, it does take 
quite a bit of time to do it right. Right, by my standards, 
at least.  
 
When I published my first Newsletter, I was told by many 
readers that I had taken the Newsletter “up a notch or 
more” and that made me feel good about my endeavors. 
Through the last few years, I have received many emails 
with suggestions for changes, but a lot more just telling 
me what a great job I was doing. Believe me, those 
emails were cherished and gave me the impetus to keep 
going.  
 
But over these last few months, I have realized that I 
can’t keep providing the USFG membership with a 
quality newsletter without putting in the quantity of time 

required. So, I emailed our President, Will Smith, and 
told him I was about done.  
 
Luckily, I had just brought on a new Assistant Editor, 
Mark Oros. After discussions between Mark and Will 
Smith, Mark has agreed to finish out my term as the 
USFG Editor. From what I’ve read, Mark will take this 
newsletter up yet another notch or two! 
 
I will remain on for a while to assist Mark if needed, but 
it’s my understanding that Mark’s daughter is assisting 
him already, so my help may not be required. 
 
As I look back to my very first Editor’s Corner column, I 
feel proud to write that I met many of my personal goals. 
I am also proud of my little bits of  medical advice. I felt 
that as a physician, I needed to write a little about 
important items, such as stress, which we all get to feel 
every so often. 
 
To all of you that have emailed me over the years with 
suggestions for changes, and especially those of you who 
have graciously sent in articles for the newsletter, I thank 
you from the bottom of my heart. A newsletter and its 
editor can’t survive on re-published articles alone! The 
newsletter belongs to you, the USFG members, and I’m 
very glad that so many of you have submitted original 
articles. 
 
So, as I finish my last Editor’s column and walk off back 
into my busy clinic, I will always recall the fabulous times 
I had putting together the USFG Newsletter. I leave with 
my head held high and my heart full of pride! 
   
Thank you, and may God bless you all of you! 
 
Sincerely, 
   
 
 
 
Happy and Safe faceting! 
 
P.S. If you haven’t noticed yet, I decided to go out with a 
bang and not a whisper, so this newsletter is over 100 
pages long! Enjoy! 

I 
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Cobaltocalcite 
Rare and Beautiful 

Re-Printed with Permission from AJS Gems 
July 2015 Newsletter 

http://www.ajsgem.com/articles/july-2015-
newsletter.html 

 

Calcite is a mineral that is treasured by collectors for its 
fascinating diversity. Though it is not a good jewelry 
stone due to its softness (3 on the Mohs scale), it occurs 
in a variety of crystal forms and in a huge range of 
colors. Nearly every calcite is unique. 
 
Some time ago we acquired some unusual specimens 
from the estate of a collector who had travelled the 
world acquiring rare minerals. Among them were some 
large gemmy crystals in a vivid reddish purple that we 
had never seen before. The material was labelled as 
originating from Spain. 
 
We faceted several pieces and were delighted with the 
color saturation and translucency. The cut stones 
displayed a wonderful glow when backlit. But we 
noticed the material was fairly soft. So we suspected it 
might be a form of calcite. We took a 16.78 ct polished 
gem to GIA in Bangkok for testing and they confirmed it 
was cobaltocalcite, a rare calcite colored by trace 
amounts of cobalt. 
 

In addition to their usual report, GIA issued a special 
letter that testifies to the rarity of this particular 
material. Here is an excerpt: 
 
Gem quality cobaltocalcite may be recovered from many 
sources around the world, but the vast majority of 
material from all these sources usually produces an 
aggregrate of small closely packed crystals on a rock 
matrix or larger single crystals of lower quality. Rough 
crystals that will cut large fine stones are occasionally 
found but are in the minority. Very fine, large gem-
quality cobaltocalcite of over 10 carats with good 
transparency and distinctive saturated color can be 
considered extremely scarce. 
 
The large size, highly saturated reddish purple color and 
high degree of transparency makes this a notable 
cobaltocalcite. 
 

GIA was so intrigued by this material that they 
requested samples of the rough material to do 
additional analysis in their lab. They wrote up their 
findings in the Spring 2015 issue of their journal, Gems & 
Gemology. They discovered that the unusually vivid 
color of our cobaltocalcite was due to high 
concentrations of cobalt with possible contribution from 
traces of manganese. 
 

http://www.ajsgem.com/articles/july-2015-newsletter.html
http://www.ajsgem.com/articles/july-2015-newsletter.html
http://www.gia.edu/gems-gemology/spring-2015-labnotes-pink-and-reddish-purple-cobaltocalcite
http://www.gia.edu/gems-gemology/spring-2015-labnotes-pink-and-reddish-purple-cobaltocalcite
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MORE ON DOPS AND DOP WAX 
For new cutters, a dop is something you will need and use. Following is a discussion on dopping using wax. Hope you find this useful.   

 
Dops look generally like a section of a round pencil, about 1/4 inch in diameter and 3 to 4 inches long, but made 
of brass or aluminum. On one end is where you will attach the stone to be cut, and the other end is inserted into 
the machine so that the center axis of the dop becomes aligned as the (vertical) center axis of the stone to be cut. 
There are differing means of attaching the dop within the machine, so dops are usually made for a specific brand 
of machine. For those cutting cabochons, a dop is just a section of dowel cut to the length most comfortable for 
the cutter. 
 
A Keyed dop is merely a dop which has some provision for positioning it in the machine in essentially the same
alignment from which it was removed... this can be a handy feature for those who want to pre-form a few stones, 
and then finish them one at a time. 
 
Dops typically come with one of three ends: flat, cone (for the pavilion of round stones, looks like an ice-cream
cone), and "V" (to hold the sides of a rectangle cut stone pavilion). Most machines come with an assortment of
sizes, with one of each dop type in each size. Beware that some dops are not interchangeable with machines –
something to remember when purchasing a used machine. 
 
Dop Wax is more likely to be a mixture of shellac and micro-fine clay, but that's what it is called. This stuff melts
with heat, then hardens as it cools into a fairly dependable, and easy-to-use adhesive for faceting. It comes in 
different colors, with different melting temperatures; most of which will do for a wide variety of stones. The 
variation is not a great one: 
 

common green dop waxes ..... melts at about 135 to 150 degrees. 
 

 
 
brown dop wax ..... melts at about 145 degrees. 

 
 

 
deep brown to "black" waxes ..... melts at up to 176 degrees. 

 
 
 
Note that once any of these waxes have melted, they continue to rise in temperature, and eventually do catch
fire and burn. For most of us, this does unpleasant things to our fingers, clothes, and maybe wherever the 
drops land. Remember, we came here to facet stones, not start fires or practice bandaging our burned fingers! 
Also, this heat difference can matter (slightly) if you are cutting stones which generate a lot of heat, especially 
in polishing (i.e.- sapphires). Dipping them in cool water every few seconds helps assure they will remain in 
position: if they get too warm, they can move out of alignment or even come off of the dop stick. For polishing 
most stone varieties, this is not an issue.  Green wax is used mostly for lapidary cabochons. Brown or black wax 
should be used when faceting. 

 
For your starter kit, a candle will do for heating stones for dopping, and removing them from the dop after they 
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For your starter kit, a candle will do for heating stones for dopping, and removing them from the dop after they are finished. 
Candles can be a slight bother in terms of soot, especially on stone surfaces where you would rather have a good bond... but 
they are easy to find, will do the job, and are reasonably priced. At some point, an alcohol lamp (about $10) is a nice addition; 
they are a little cleaner to work with. In these, I use 99% Isopropyl alcohol for fuel. Notice all of the warnings on the label 
which mention "fire danger" and "Poison", among other things; It's not a big deal, just don't have the bottle open or too close 
when the lamp is lit, and don't drink this stuff! This alcohol also dissolves dop wax: put a few drops on a bit of cotton, and 
wipe the stone clean after faceting is completed- then sit and admire your handiwork for a while. 
 
Then there is Cold Dopping which involves either epoxy, "super Glue" (Cyanoacrylate), or other glue compounds. These have 
their advantages and disadvantages: no heat equals no stone shifting in transfer, but they require certain (dangerous/poison) 
solvents to remove them from the stone and dop. They, too, have their place in faceting; you can find this info in about any 
faceting book or hardware store. Most of us will experiment with them at some point, and perhaps use them instead of dop 
wax after a while. I will mention them in passing here because the most likely thing you will find included in a package to get 
you started will be dop wax (the brown stuff, usually.) 
 
The four sticks of brown dop wax that came with my machine lasted for literally hundreds of stones (it can be reused but not 
recommended); to buy four more sticks- about $10. Some of the higher-temperature waxes sell for slightly more, and will last 
through a comparable amount of stones, stick for stick. 

 

Albuquerque, New Mexico - Ernie Hawes  

Reprinted with permission from the UltraTec Sometimes Newsletter 

We've known Ernie Hawes for many years.  He's an "elder statesman" of gem 
faceting, and we welcome him to the Ultra Tec team. 

  

Ernie is originally from Indiana, but has lived in Albuquerque, New Mexico since 
1971. He is a founding member of the New Mexico Faceters Guild. Ernie's 
working career was spent mostly in education at both the high school and 
university level. He retired in 2000 after twenty-two years spent as a high school 
administrator in the Albuquerque Public Schools. 

  

Ernie's interest in minerals began as a child picking up calcite and pyrite in a 
crushed limestone parking lot near his home in Indiana. His lapidary interests 
started while living in Las Vegas, Nevada in the sixties. Faceting eventually 

became an interest and starting with an old used machine in 1974, Ernie self-taught himself the basics of faceting. 
Wanting top notch equipment, Ernie purchased his first Ultra Tec in 1975.  Ernie began teaching faceting in 1981 at 
the time of the founding of the New Mexico Faceters Guild. He has served several terms as president, vice 
president and newsletter editor. 

  

Ernie developed an interest in designing gems about 1990 and has had numerous designs published in various guild 
newsletters and in Lapidary Journal Jewelry Artist. Recently, Ernie published a design book of some of his faceting 
designs, Revealing the Light Within, Faceting Designs by Ernie Hawes, with all profits going to the instruction 
programs of the New Mexico Faceters Guild and the United States Faceters Guild. To promote faceting, Ernie has 
given many demonstrations at gem and mineral shows, at museums and at the Tucson gem shows. Over the years 
Ernie has given a number of presentations at guild meetings and for other gem and mineral organizations. He 
regularly teaches faceting workshops for the New Mexico Faceters Guild. In addition to membership in his home 
guild, Ernie is a member of the Texas Faceters Guild, the United Kingdom Facet Cutters Guild, and the United States 
Faceters Guild. 
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The Facetron Protractor Scale 
By Keith Wyman 

 
Have you ever wished you had a scale on your Facetron to make it easier to set the protractor to 1/100th of 
a degree like 39.22? The following pictures and instructions are for putting a 10- division scale in the window 
of the Facetron digital protractor. Bob Jones (North Puget Sound Faceting Guild member) made some of 
these scales a few years ago to make it easier to repro- duce the angle settings on his machine. I had ac-
quired one of the scales and have found it to be very useful in setting my angles to the same place in the 
window. Several folks have seen the scale and wondered where they could get one but unfortunately the file 
Bob used to make the scales had been lost and he’d moved on to a different angle setup. A bit of measuring 
and email correspondence with Jeff Ford, engineer, USFG treasurer and list owner, resulted in a PDF that will 
print 16 scales at a time. 
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Remove the plastic window from the Facetron digital protractor. Cut the left side of the scale so that it fits 
the window and then locate the screw holes using a couple of pins. As you can see in the photo, I was a bit 
over-zealous in removing material from the left side of the scale, but it’s not a big problem. 

The first thing to do is to print the PDF (at the end of this article). Make sure your printer is set to 100% or full 
size or whatever you need to do to reproduce the scales at the same size as on the PDF.  You should also set 
your printer the highest quality or resolution if it has that feature.  You will need to obtain a sheet of 
transparency material of the proper type for your printer. 
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Use a sharp knife or razor blade to cut openings around the pin holes that are larger than the screw shaft so 
you will be able to adjust the scale to the window after you replace it. If you put the screws in the holes in 
the window and slide the scale over the screws, replacing the window back on the Facetron is quite easy 
since everything is fairly closely lined up. 

Don’t tighten the screws completely down until you’ve fit the scale in the window to your satisfaction. Now 
tighten the screws down, trim the exposed edges of the film with a sharp knife or razor blade. See how easy it is 
to set 39.87 degrees? Don’t worry about messing up one of the scales -- you’ve got lots to play with. 
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This is a good time to make sure your Facetron is properly aligned with the scale. Use the 45 degree dop and 
the feeler gage to make sure that you are at 45 degrees when the protractor is set at 45.00 degrees. And as 
long as you’ve gone this far it’s a good time to check that the zero mark on the cheater is indeed zeroed with 
the index gear and the dop. If either of these adjustments is a bit of a mystery to you, I’d suggest re-reading the 
Facetron manual and spend a bit of time on this site and on the web reading about machine alignment. And if 
it’s still a bit of a mystery, then maybe it’s a future topic to explore.   
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Now that you can easily get back to any angle given in the faceting diagrams such as 44.93 degrees it’s time for a 
couple more thoughts. First, we all know that we’re just kidding ourselves if we think we are actually working at an 
accuracy of a hundredth of a degree.  What we are doing though is getting back to the same spot on the protractor 
when we go from cutting to pre-polish to polish and while it might be 44.87 degrees in- stead of 44.93 degrees, it is 
the same setting. This precision in setting the angle will help maintain the meets we so carefully set up during each 
stage of faceting. Second, make sure you approach the angle from the same direction each time in order to mini-
mize the backlash in the system.  I come up on the angle from below and if I overshoot a bit, then I go back a ways 
and try again. This also helps establish that I’m at 44.93 degrees as shown above and not 45.93 degrees that it is 
sometimes mistaken for.  

 
Well, time to get back to faceting. And while you are, think thoughts of appreciation towards Bob for doing this in 
the first place and to Jeff for making it possible for you to accomplish this in the privacy of your own home.  
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Florida Faceters Frolic 2015 

  

The Florida Faceters Frolic is coming to Jacksonville Florida, September 25, 26, and 27.  The Frolic is being co-
sponsored by the United States Faceters Guild and the Tomoka Faceters Guild and it is taking place in conjunction with the 
Jacksonville Gem and Mineral Society's 27th Annual Show.   

  

The location is the Morocco Temple at 3800 Saint Johns Bluff Road, Jacksonville, Florida 32224.  

  

Show times are as follows:  Friday 1 pm to 6 pm, Saturday 10 am till 6 pm and Sunday 10 am till 5 pm.   

  

We will have speakers, gem cad lessons, faceting lessons, faceting machine dealers, faceting rough dealers, a best 
looking stone contests  and there may be some very special surprise guests joining us from the TV show Prospectors.   

  

SPEAKERS SCHEDULE: 

  

   Friday:  1 pm - Dianne Eames, G.G. gem faceter, bench jeweler, will be talking about faceting Topaz. 

   Friday:  3 pm - Tom Mitchell, author, faceter and faceting instructor, will be talking about faceting tricks and tips.  

   Saturday:  10 am - Scott Forward, retired geologist and gem and mineral ID instructor at William Holland, will be dis-
cussing mineral ID   

   Saturday:   1 pm - Dan Lynch, gem faceter, will give a presentation on his most recent gem buying trip to Africa.  

   Saturday:   3 pm - Dianne Eames, G.G., gem faceter, bench jeweler, will be back to talk about polishing. 

   Sunday:   10 am - Will Smith, President of USFD will give a talk on teaching gem faceting. 

   Sunday:   1 pm - To be determined. 
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CLASS SCHEDULE: 

  

Introduction to Faceting - Anyone interested in learning to facet is welcome. 

Friday: 12 noon till 5 pm  

Saturday:     10 am till 5 pm  

Class Fee: $50.00 

  

Gem Cad - Taught by Robert Strickland the program creator. 

Sunday:     Beginning Gem Cad - 10 am                     

  Intermediate Gem Cad - 1 pm  

                  Advanced Gem Cad - 3 pm  

 Class Fee:  $25.00 per class 

  

Class space is limited so get your reservations in quickly.  Advanced reservations are required to guarantee your spot and to 
not cause delay in starting on time. To reserve your spot in either of these classes,, please send an email to Ken Reed at 
kr1113@aol.com with the classes you wish to register for.  You will receive an invoice from PayPal for these classes. Or you 
may send your check made out to Ken Reed, 311 West Retta Street, DeLeon Springs, FL 32130. Specify on your check 
which classes you want to attend. 
  

VENDORS: 

  

John Garsow - natural gem rough dealer 

LightningLap.com - polishing and faceting lap dealer 

Graves Lapidary - lapidary and faceting products dealer 

Ultra Tec - faceting machine manufacturer 

Jersey Instruments - faceting machine manufacturer 

Dan Lynch - dealer of faceting rough from the US and Africa 

Ken Reed - gem rough dealer, faceting equipment designer and used equipment repair 

Tom Mitchell - gem rough dealer and faceting book author.   

  

CONTEST 

  

The Best Looking Stone Contest will be Saturday September 26 between 5pm and 6pm.  There will be three separate 
divisions, natural stones, synthetic stones and fantasy cut stones.  So don't forget to bring your best work to show off.  

  

For more information please contact Tom Mitchell at 352-446-4866 (cell) or by email at tommitchellgems@gmail.com. 

 

tel:352-446-4866
mailto:tommitchellgems@gmail.com
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Gem News 
Reprinted from the GemSelect 2015 Newsletters  
And Other Gem-Related Newsletters and Articles 

www.gemselect.com/help/newsletter/newsletter-feb-15.php?ns0215=44713 

  

A gold rush of sorts occurred in January when a storm in Russia caused the appearance of golden 
amber on the coast. The Baltic amber was torn from the ocean floor and washed ashore near Pionersky 
in Kalingrad. Locals and tourists flocked to the beach and collected pieces of amber. Some of the lucky 
collectors wore wetsuits and braved the cold water to collect large pieces of amber in nets. Most of the 
world's supply of amber comes from the Baltic coast of Kaliningrad in Northwestern Russia. 
 
According to Sam Walsh, CEO of Rio Tinto, the British-Australian multinational metals and mining 
corporation based in London plans to invest $2.5 million in two mining projects in India. Rio Tinto 
intends to invest in iron ore in Odisha and diamonds in Madhya Pradesh. Both projects are pending 
environmental clearance. 
 
Apparently, it's never too late for true love. An 80-year-old Chinese man was recently seen buying a 
diamond ring for his wife. Staff at the jewelry shop in Xinjiang told the press that the man had said he 
wanted to make his wife happy after a lifetime of hardship. 
 
Items from the late Lauren Bacall's jewelry collection will be auctioned by Bonhams New York on 
March 31 and April 1. The legendary actress's jewelry includes unique designs by Chanel, Cartier, 
Tiffany and Jean Schlumberger. 
People may go gaga for heart-shaped gems after the announcement of Lady Gaga's engagement to 
actor Taylor Kinney on February 16th. The ring designed by Lorraine Schwartz has a heart-shaped 
diamond of approximately 6 carats and pavé diamonds on the band, with "T heart S" (Lady Gaga's real 
name is Stefani) in pavé diamonds on the back. 
 
This month will see the much anticipated launch of the Apple Watch, a high-tech piece of functional 
jewelry that will allow the wearer to feel closer to technology while wearing it. Sapphire crystal screens 
are used for the displays, which are both protective and functional, since sapphire has good 
transparency and a high Mohs hardness level. The luxury "Editions" of the Apple watch feature stylish 
custom 18kt gold alloys. The "Omni" version takes this even further with rows of diamond gemstones 
set in 24kt gold, 18kt pink gold and 950 platinum. 
 
The oldest jewelry in the world is now thought to be a 130,000-year-old Neanderthal set of white-
tailed eagle talons discovered in Croatia. It is believed that the talons were polished and strung 
together to form a necklace or bracelet. Previously, the oldest jewelry in the world was believed to 
be Nassarius shell beads found in South Africa. Bone, shells and stone were used to make jewelry 
before the Bronze Age. 

http://www.gemselect.com/help/newsletter/newsletter-feb-15.php?ns0215=44713
http://www.gemselect.com/other-info/about-amber.php
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Faceting Articles, Designs & Pictures by Glenn Klein  
Book Review by Mark Oros 

 

I purchased Glenn Klein’s new book “Faceting Articles, Designs & Pictures” in anticipation of reading it 
during my summer excursion to upper Ontario where I spend a week fishing, rockhounding and relaxing.  
However, I made the mistake of casually opening the book and reading the first couple of pages. Two days 
later, I had finished the book and was delighted with the wonderful journey that Mr. Glenn Klein had 
provided.   

 

Mr. Klein has chronicled his experience as one of the top gemstone faceters of the country. By providing a 
combination of designs, technical articles, and historical insight, Mr. Klein has allowed both seasoned and 
beginning faceters the ability to relive the emergence of faceting in the United Sates. 

 

Often you can read and study a faceting design book and find new designs to cut and new ideas to apply 
to your own designs. What makes Mr. Klein’s designs fascinating is that he shows you with words, 
diagrams, and pictures the evolution of his design ideas from concept to several design iterations, through 
to the final design.  Mr. Klein does this with several standard and innovative designs, taking the reader 
through his personal experience of creating a beautiful and well thought out gemstone in several 
gemstone materials.  After reading the book, I immediately went to GemCad and started incorporating 
Mr. Klein’s genius into my own humble designs. 

 

The book is also filled with the faceting articles that Mr. Klein has written over the years. These articles are 
the spirit of Mr.Klein’s approach to faceting, which is to share and collaborate in order to create a greater 
community of American and International faceters. His articles illuminate the methods and techniques 
that have allowed him to win so many awards and coach countless faceters into the world of competition 
faceting. It is the greatest sign of a true master to take their success and translate it into mentorship. 

 

If you pardon the pun, the most brilliant “gem” of this fascinating book is the account of the USFG and 
American faceting and competition history as told by someone that participated, molded, and excelled 
during its evolution.  As a recent member of the USFG, I arrived at a time of peak membership and Guild 
stability. My thoughts about participating in the Guild were based on my current and future life as a 
faceter. It was with great interest that I read Mr. Klein’s written account of the birth and growth of our 
organization. This has given me an enriched perspective of the Guild to which I now belong. 

 

It is very easy to say that Mr. Glen Klein’s impact on the American faceting scene is both broad and deep. 
Not only has he vastly contributed to the emergence of faceting in the Untied States as it exists today, but 
he continues to share his passion, experience and history with today’s contemporary faceters. Thank you 
Mr. Klein. 
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Year of the Wood Sheep 
Reprinted with Permission from the GemSelect February 2015 Newsletter 

www.gemselect.com/help/newsletter/newsletter-feb-15.php?ns0215=44713 

 

 
 

 

 

 

 

 

 

Chinese New Year 2015 officially began on February 19th and is the 
year of the wooden goat, ram or sheep. In Chinese astrology there 
are four elements; earth, metal, fire and wood. The sheep is an 
earth animal, but the year 2015 is associated with the element of 
wood. Therefore, 2015 is a wooden sheep year. Since wood is 
associated with the color green, it is also known as a green sheep 
year. Years that end in the number 5 are yin wood. Yin refers to the 
passive female part of nature (the other part being the active male 

yang). Yin is thought to be connected with water, earth, the moon, femininity, coldness, darkness and night. The 
wooden sheep year has different predictions depending on the Chinese zodiacal sign, and is thought to be luckier 
for some than others. Indeed, those born under the sign of the sheep, or other earth or wood signs are predicted 
to have a fantastic year. In general, it is thought that 2015 will be a calm year overall, with small positive change 
with regard to politics, finance, harmony, prosperity and wellbeing. There may be some turbulent times, but logic 
and peace is expected to prevail. 

Auspices for 2015   
 

Sheep are white (except for the odd black one), so are assocated with white jade (also 
known as suet jade or mutton fat jade). However, the lucky colors for the 2015 sheep year 
are not white, but green, red andpurple. Since the sheep is the eighth Chinese zodiac sign, 
the number eight is thought to be auspicious for 2015, as are the numbers three, nine and 
four. The lucky metals are considered to be gold and copper. This may explain why some of 
the trends for 2015 jewelry include yellow gold, pink gold, bronze and copper. 

 

 

 

 

 

 

The Gemstone Colors for the Year of the Sheep 

 
Green Sapphire Bronze 

Pendant 

http://www.gemselect.com/help/newsletter/newsletter-feb-15.php?ns0215=44713
http://www.gemselect.com/other-info/green-gemstones.php
http://www.gemselect.com/other-info/red-gemstones-for-jewelry.php
http://www.gemselect.com/help/newsletter/newsletter-mar-12.php
http://www.gemselect.com/other-info/gemstone-color-trends-for-2015.php
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Green for Growth   

The choice of green gems is varied, with shades from yellowish-green to deep forest green and everything in 
between. Moreover, there are green cat's eye gems, such as actinolite, 
aquamarine, chrysoberyl cat's eye and quartz. Also, green star sapphire gems are 
occasionally seen. Opaque green gemstones include agate, amazonite, chrysoprase, 
gaspeite, jade, malachite, maw-sit-sit, seraphinite, serpentine, turquoise and variscite. 
These occur in shades from the delicate and feathery silver-green of seraphinite to the 
bright pea-green of gaspeite and blue-green of chrysoprase. 

Not only are the shades interesting, but some of these gems also possess unique 
patterns. For example, serpentine is named after its "serpent-like" patterns 
and seraphinite is named after its feathery chatoyancy. Among the transparent green 

gemstones are chrome diopside, demantoid garnet, emerald, hiddenite, kornerupine, peridot, sapphire, spinel, 
tourmaline and tsavorite garnet. These offer an amazing variety of hues, hardness levels and interesting properties. 
Some stones are pleochroic, meaning that they can display different colors or shades depending on the angle from 
which they are viewed. These include kornerupine and sapphire. 

Red for Luck   
Red is a lucky goat color. Although red is not for everyone, there are such a variety of natural red gemstones that 
whether you are cool or warm toned, you are sure to find a red to suit 
you. Rhodolite garnet (right) and spinel tend to have a cool purplish-red hue, 
whereas gems such as pyrope garnet,spessartite garnet, carnelian and fire 
opal are typically warm brown-red or orange-red. If you are partial to all red 
gems, then ruby may be a good choice for you. Ruby is available in both warm 
and cool reds, from pinkish-red to deep "pigeon's blood". For those who like 
something opaque and interesting, multicolored jasper is another good choice, 
especially formatching pairs of gems. These jasper gems offer interesting and 
unique variations of color with some earthy red tones that can be striking or soft. 

Purple Power   
 

Purple or violet is another positive color assigned to the goat. One of the best known 
purple gemstones is amethyst, which is available in shades from pale lilac to deep 
purple. Also available are amethyst geode gems, which offer an interesting landscape 
of crystals. There are a number of other purple gemstones that are not as well-known, 
such as charoite, lepidolite, jadeite and sugilite, which are usually cabochon-cut, 
opaque to translucent gems. Jadeite tends to be gray to lavender pastel hues, whereas 
charoite and sugilite are typically much more bold colors. Other transparent purple 
gems include purple sapphire, spinel, violet-blue tanzanite and violet-blueiolite. If you 
are not partial to purple, then try a violet-blue gem. 

 

 

 

 

 

Oval Kornerupine Gemstone 

 

Raspberry Red Rhodolite Garnet 

 

Oval Amethyst Gemstone 

http://www.gemselect.com/other-info/green-gemstones.php
http://www.gemselect.com/gem-info/chrysoberyl-cats-eye/chrysoberyl-cats-eye-info.php
http://www.gemselect.com/gem-info/jade/jade-info.php
http://www.gemselect.com/gem-info/gaspeite/gaspeite-info.php
http://www.gemselect.com/gem-info/seraphinite/seraphinite-info.php
http://www.gemselect.com/gem-info/chrome-diopside/chrome-diopside-info.php
http://www.gemselect.com/gem-info/emerald/emerald-info.php
http://www.gemselect.com/gem-info/tsavorite-garnet/tsavorite-garnet.php
http://www.gemselect.com/gem-info/rhodolite-garnet/rhodolite-garnet-info.php
http://www.gemselect.com/gem-info/pyrope-garnet/pyrope-garnet-info.php
http://www.gemselect.com/gem-info/fire-opal/fire-opal-info.php
http://www.gemselect.com/other-gems/matching-pairs.php
http://www.gemselect.com/gem-info/amethyst/amethyst-info.php
http://www.gemselect.com/amethyst-geode/amethyst-geode.php
http://www.gemselect.com/gem-info/charoite/charoite-info.php
http://www.gemselect.com/gem-info/lepidolite/lepidolite-info.php
http://www.gemselect.com/gem-info/jadeite/jadeite-info.php
http://www.gemselect.com/other-gems/purple-sapphire-gemstones.php
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Color Combinations   

An interesting way to use these auspicious 2015 colors is as bi-colored or 
multicolored gems. With such gemstones, it is possible to wear two or even 
three of these colors in the same jewel. These gems include a variety of optical 
properties, such as patterned stones, colorful inclusions, pleochroic 
gems,iridescent gems, ones with play of color and color change gems. One 
example of these is bloodstone, which is deep green with red spots. Some 
purple sugilite has red inclusions. Other gems that combine more than one 
material, such as ruby-in-fuchsiteand ruby-in-zoisite can exhibit green, red and 
purple all in a single gemstone. Andalusite is a strongly pleochroic gemstone 
that can exhibit red or green hues depending on the angle from which it is 
viewed. An intriguing organic gemstone calledammolite shows a colorful 
iridescence, which can include green and purple and even a full spectrum of 
colors. A type of opal known as boulder opal has a marked play of color that 
can also exhibit all colors of the rainbow. 

Another way to wear more than one auspicious color in one gem is through a color change gemstone. 
However, color change gems will only show one color at one time. The magic occurs when the light source 
is changed. Usually, color change gems will be one color under daylight and another under incandescent 
light. For example, color change diaspore (also called "Zultanite" and "Csarite") is light-green in daylight 
and pinkish under incandescent light. Somecolor change garnets are purple in daylight and red in 
incandescent light, or change from green to orange. Color change sapphire can change from purple to red, 
or from green to red. 

 

San Francisco 'Bay Area Faceters’ Frolic' in 2016  
 

 

Some tentative plans: 

 1st weekend of March (4,5, & 6 of March 2016) 

  To run in parallel with the annual Mineral and Gem Society of Castro Valley annual show in 

Newark / Fremont area (near Santa Clara / San Jose)   

 

Ruby-In-Zoisite-Gem 

http://www.gemselect.com/help/newsletter/newsletter-dec-13.php
http://www.gemselect.com/other-info/pleochroic-gems.php
http://www.gemselect.com/other-info/about-labradorite.php
http://www.gemselect.com/gem-info/bloodstone/bloodstone-info.php
http://www.gemselect.com/other-info/ruby-in-fuchsite.php
http://www.gemselect.com/gem-info/andalusite/andalusite-info.php
http://www.gemselect.com/gem-info/ammolite/ammolite-gemstone-information-and-education.php
http://www.gemselect.com/gem-info/color-change-diaspore/color-change-diaspore-info.php
http://www.gemselect.com/gem-info/color-change-garnet/color-change-garnet-info.php
http://www.gemselect.com/ruby-zoisite/ruby-zoisite.php
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Test on New Polishing Lap 
Gempro Easy-Pol 

Bruce Copper, Northern Rivers Facet 

In the middle of last year, I was asked to trial a new “special alloy” polishing lap (made in Australia) to give the 
amateur cutter's perspective. It had already been tested by a professional cutter who was very happy with 
the results. To protect the maker's intellectual property rights I cannot reveal the composition but I have not 
heard of it being used for laps before and (as a chemist) can say that it is safe to use. 
 
The instructions that came with it stressed that it should NEVER be dressed with abrasive such as wet & dry 
paper, or Solvol soap. It was also suggested that it would work best at higher lap speeds and would be well 
suited to the “Frank Dickson mix” that I normally use for polishing (5ml Teflon grease, 5ml Teflon oil, 5ct 
diamond 50k mesh). 
 
The testing actually started earlier than I anticipated. I picked it up on the way to the lapidary club and one of 
my pupils was having trouble polishing the table of a very large amethyst (irreverently christened the door 
knob, by the others). The problem was the common one for less experienced cutters on big stones. The table 
was not totally flat and as the cutter tried to expand the polished area scratches would appear. The new lap 
was put to use after working in a small quantity of the polish mix, then spinning the lap fast, while rubbing 
off all excess with a pad of paper toweling. Immediately all scratches were removed from the polished area. 
 
The right thing to do then would have been to go back to the 3000 mesh lap to give a fully flat table, 
then re-polish but for test purposes I polished the table down with high lap speed and fairly high hand pressure. 
The really impressive thing was that at no time did any scratches appear on that big table. 
 
Proper testing at home on my Drabsch machine then commenced: 
 
- Stone 1 was labradorite about 3 carat. Polishing was very fast and facet edges were noted to be very sharp. 
Polishing was done straight from a well-worn 1500 lap. 
- Stone 2 was topaz about 3 carat. Polishing was again very fast following the 1500 lap and facet edges were 
sharp. 
- Stone 3 was tourmaline 3.7 carat. Polishing was very fast following the 1500 lap and facet edges were sharp. I 
noted that if pressure was used, it was important to finish with no pressure before lifting  off the lap.  If not, 
ripples would appear in the polished surface even though side to side movement was being maintained. 
- Stone 4 was labradorite 3.1 carat. Again polishing was fast and facet edges sharp. Again I noted the need to 
revert to low pressure before lifting off the lap to avoid the ripple effect. 
 
Of particular note in the above tests is that at no time did any scratch ever appear during polishing, 
regardless of the nature of the material. 
 
The next stone was a 29.8 carat topaz. By now I was doing all polishing at the maximum speed of my Drabsch. 
Lower speeds did work well, but the high speed gave the same results faster. The big table on this stone was 
polished in two minutes following 3000 mesh pre-polish. I actually took a few more minutes, but that was to 
remove a flaw in the stone! 
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I then did two small sapphires 6x4 mm and 0.85 carat to see how it went with the harder stone. Again there 
were no problems at all. 
 
While demonstrating at the Lismore Agricultural Show (on a Gemmasta GF2) I did topaz 7 ct, topaz 2.5ct, 
amethyst 10 ct, jelly opal 8 ct and two labradorite of 4 ct each. The lighting here was very unfavourable, so 
most polishing was done by guessing how long was required on each facet, then checking at home and being 
pleasantly surprised to find only very minor blemishes not removed. 
 
Two garnets were then cut - one red almandine and one noticeably sugary rhodolite. Neither stone was com-
pleted due to cracks in the material, but for the purpose of the test, tables were cut and polished. Both 
stones had small pieces coming out on the 3000 mesh lap. I was pleasantly surprised to find that the polish 
lap removed the small pits and did not create any more, but quickly gave a very good polish. 
 
The overall impression from the tests was that the lap polishes very quickly, does not produce any scratches 
on a wide variety of materials, gives very sharp facet edges and is easy to maintain.  
 
When worked hard, the surface high spots were no bigger than match head size. Remembering that you 
should not use an abrasive dressing, the lap was treated by giving a very light rolling with a knurling tool 
where the hot spots showed perfect outcome. (If you do not have a knurling tool, you can make one from 
the thumb-wheel on a disposable lighter.) 
 
The lap maker says that it can also be used for the 3000 pre-polish with results closer to polish. I am about 
to test this on another lap. 
 
When I started the tests, the lap did not have a  name, but I understand that it is now sold as “Gem- Pro Easy-
Pol” by Gemcuts at Ballina. I have just bought one for the club as well as two for club members, who have 
been impressed. 
 
The Gem-Pro Lap is available in 6 inch from Gem Cuts for about $140.  
 
Testing of the new resin bonded Lightning Laps is underway.  
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Girdle Cheater Problems 
Robert (Bob) White 

USFG member 
541 686 6294 

zeebob5@comcast.net 

 
 

Pavilion Girdle Cheater Problem: 

 

The pavilion shown was cut using Gemcad.  
Before cutting the girdle the stone was rotated slightly.  
 
The girdle was then chain cut and it produced a girdle spiral.  It figures because the stone was 
shifted (rotated).  Looking at the resulting Gemcad diagram determine which way you would 
adjust the cheater before you recut the girdle?  CW or CCW?  Explain.  

 

Crown Girdle Cheater Problem:  

 

You finally made the correct cheater adjustment and cut a level girdle.  You transferred the 
stone and chain cut the first tier attempting to cut a level girdle.  Some how you cut another 
spiral. 

 

Looking at the resulting Gemcad diagram determine which way you would adjust the cheater 
before you recut the girdle?  CW or CCW?  Explain. 

 

Saw Tooth Problem: 

 

Instead of chain cutting the girdle you cut the girdle to constant depth.  Sketch the resulting girdle diagram for each of the above 
problems.  Does this help you determine the proper cheater adjustment for both of these problems? 

 

Orientation 
 

 

 

 

 

P2
P5

L

C

P2
P5

G1G4G6

U

L

P

C

Stone 

Quill 

Dop 

CCW CW 

tel:541%20686%206294
mailto:zeebob5@comcast.net
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Three-Phase Inclusions in Emerald and Their Impact on Origin Determination 
 

Peer Reviewed Article 
Authors: Sudarat Saeseaw, Vincent Pardieu, and Supharat Sangsawong 

 
Reprinted From GEMS & GEMOLOGY, SUMMER 2014, VOL. 50, NO. 2  

http://www.gia.edu/gems-gemology/summer-2014-saeseaw-three-phase-inclusions-emerald?
utm_source=Insider&utm_medium=email&utm_campaign=2014-08-13 

                          

 

Figure 1. These 

emeralds from 

Musakashi, 

Zambia, range 

from 0.57 to 4.85 

ct. The rough 

samples were 

polished with one 

window on each. 

The faceted 

sample measures 

6.29 × 5.35 × 3.53 

mm and weighs 

0.97 ct. Photo by 

N. Kitdee. 

 

ABSTRACT 

Until now, the observation of three-phase inclusions in emeralds has been considered a potential indicator of 
Colombian origin. Nevertheless, emeralds from Afghanistan (Panjshir Valley), China (Davdar), and Zambia 
(Kafubu and a new deposit at Musakashi) may contain three-phase inclusions resembling those often found in 
specimens from Colombian deposits (Muzo, Chivor, La Pita, Coscuez, and Peñas Blancas). This article presents 
detailed photomicrographs of samples from these localities, with a focus on their multiphase inclusions. Also 
investigated are spectroscopic features and trace-element data. For the gemologist studying the origin of 
emeralds hosting three-phase inclusions, a powerful set of tools to aid in this determination comes from the 
combination of detailed microscopic examination, UV-Vis-NIR and FTIR spectroscopy, and LA-ICP-MS trace-
element analysis. 
  

The traditional practice of assigning Colombian origin to emeralds exhibiting three-phase inclusions (Giuliani et al., 
1993) is in need of updating, as we now know that such inclusions are often seen in emeralds from other locations, 
including China, Zambia (Schwarz and Pardieu, 2009), and Afghanistan (Hammarstrom, 1989; Bowersox et al., 
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1991). The characterization of these inclusions using spectroscopy and chemical composition has not been 
documented until now. 

 
A new Zambian deposit at Musakashi was first reported in 2005 (Zwaan et al., 2005), and field trip reports were 
subsequently published (Klemm, 2009 and 2010). These articles presented historical and geological information 
about the mine (see box A), examined the gemological properties of these new emeralds, and presented chemical 
analysis using electron microprobe (Zwaan et al., 2005). 

 
The present study characterizes emeralds containing multiphase inclusions from all of the localities above by using 
microscopy, spectroscopy, and trace-element analysis to create a framework for geographic origin determination. 
 
 

MATERIALS AND METHODS  

A total of 84 emeralds were studied, gathered from the GIA Field Gemology Collection and from gem merchants of 
Zambian and Colombian emeralds. Color ranged from light to deep green. The samples were studied in three 
forms: 55 were rough samples with one or two polished surface windows, 28 were fabricated as optical wafers 
oriented either perpendicular or parallel to the crystal’s c-axis, and one was faceted. After fabrication, the samples 
ranged from 0.18 to 4.85 ct. The group consisted of: 
 

 Eleven samples reportedly from Musakashi (figure 1), acquired from gem dealer Guy Clutterbuck, who 

visited the mines several times. Weight range: 0.57–4.85 ct. 

 Ten samples collected from the Kagem mine in the Kafubu area of Zambia by author VP in the summer 

of 2013. Weight range: 0.29–2.22 ct. 

 Fifteen samples collected from Afghanistan’s Panjshir Valley by author VP in 2011. Weight range: 0.18–

1.80 ct. 

 Thirteen samples collected from Davdar, China, by author VP in 2005 and 2009. Weight range:   0.16–

1.77 ct. 

 Thirty-five Colombian samples from Muzo (12), Coscuez (12), La Pita (3), Peñas Blancas (2), and Chivor 

(6), acquired from Flavie Isatelle, a field gemologist/geologist who visited in May 2010, and gem 

merchant Ron Ringsrud. Weight range: 0.12–4.14 ct. 

Standard gemological properties were measured with a Rayner refractometer (yttrium-aluminum-garnet prism) 
equipped with a near sodium–equivalent light source to measure refractive index and birefringence, a Chelsea 
filter, and four-watt long-wave (365 nm) and short-wave (254 nm) UV lamps to observe fluorescence. Due to 
fracturing in the samples, coupled with their relatively small sizes, no useful specific gravity measurement was 
acquired. The wafers’ optical path lengths were measured using a Mitutoyo Series 395 spherical micrometer with 
an accuracy of 2 microns. Microscopic examination was performed with GIA binocular microscopes at 10×–70× 
magnification, using both darkfield and brightfield illumination. Other lighting techniques, including fiber-optic 
illumination, were employed to investigate internal characteristics. Photomicrographs were captured at up to 180× 
magnification with a Nikon SMZ 1500 system using darkfield, brightfield, and oblique illumination with a fiber-optic 
light. 
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Ultraviolet through visible and near-infrared (UV-Vis-NIR) spectra were collected with a Hitachi U-2900 
spectrophotometer (for polarized ordinary ray spectra) at 1 nm resolution and a PerkinElmer Lambda 950 
spectrophotometer at 0.3 nm resolution, operating with a 60 mm integrating sphere accessory and a Lambda 

polarizer accessory. Fourier-
transform infrared (FTIR) 
spectroscopy was performed 
using a Thermo Nicolet 6700 
FTIR spectrometer operating 
with a 4× beam condenser 
accessory at 4 cm–1 resolution. A 
Renishaw inVia Raman 
microscope fitted with a 514 nm 
argon ion laser was used for 
identifying inclusions. 
 
Figure A-1 [Left]. This map shows 
the location of the Kafubu and 
the Musakashi emerald deposits. 
 
Box A: Emeralds from 
Musakashi, Zambia 
 
Little information is available 
about the Musakashi deposit 
(figure A-1) reportedly 
discovered in 2002, and much of 
it is conflicting. It appears to 
have originally been worked by 
local miners from 2002 to 2004. 
Emeralds from Musakashi were 

first reported in 2005 by Antonin Seifert, Stanislav Vrána, Björn Anckar, and Jaroslav Hyršl (Zwaan et al., 2005). 
Seifert and his colleagues reported that these emeralds had a significantly different color from those found in the 
Kafubu area. The Musakashi stones were said to show an intense bluish green reminiscent of emeralds from Muzo, 
Colombia. The similarity did not end there: 
 
The most interesting characteristic was the presence in all the stones of three-phase inclusions, consisting of a 
bubble and a cube-shaped crystal in a liquid, almost identical to those commonly seen in Colombian emeralds. 
 
Zwaan et al. also identified sphene, iron oxides, feldspar, and quartz as mineral inclusions. 
 
Production reportedly resumed in 2006, starting with hand tools and progressing to the use of an excavator for a 
few months in 2009 (Klemm, 2009 and 2010). These reports, published after visits to Musakashi in July 2009 and 
August 2010, provide details adding to the history of emerald mining there. 
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Location and Access 
During the dry season, the Musakashi area is accessible by a five-hour, 165 km (102 mile) drive from Ndola, mainly 
on the poorly maintained Kasempa road (Klemm, 2009 and 2010). 
 

Production and Distribution 
According to the mine director, the area produced about 15–20 kg of emeralds from its discovery through late 
2010 (Klemm, 2010). Gem merchant Guy Clutterbuck, who supplied some of the samples for this study, reported to 
one of the authors in 2013 and 2014 that limited emerald mining was still taking place near Musakashi. 
 
For laser ablation–inductively coupled plasma–mass spectrometry (LA-ICP-MS) chemical analysis, we used a 
Thermo Scientific X Series II ICP-MS combined with a Nd:YAG-based laser ablation device operating at a wavelength 
of 213 nm. For the ICP-MS operations, the forward power was set at 1300 W and the typical nebulizer gas flow was 
approximately 0.90 L/min. The carrier gas used in the laser ablation unit was He, set at approximately 0.78 L/min. 
The alignment and tuning sequences were set to maximize Be counts and keep the ThO/Th ratio below 2%. Laser 
ablation conditions consisted of a 40 µm diameter laser spot size, a fluence of 10 ± 1 J/cm2, and a 7 Hz repetition 
rate. For quantitative analysis, samples must be calibrated against an external standard of known composition, 
which meant measuring the signals for the elements of interest in the sample and comparing them to the signals 
for a standard with known concentrations of those elements. Generally, NIST 610 and 612 glasses were used for 
calibration standards. All elemental concentrations were calculated by applying 29Si as an internal standard, with Si 
concentration calculated from the theoretical value of beryl (31.35 wt.%). Laser spots were applied in the same 
area where UV-Vis spectra were collected, which was usually clean and had an even color distribution, though 
color-zoned areas were also sampled (figure 2, below). 

 
Figure 2. This optical 

wafer from a Muzo 

emerald provides an 

example of the LA-ICP-

MS sample points 

selected in this study. 

Heavily included areas 

were avoided in favor 

of well-crystallized 

zones in the sample 

that best represent 

the chemical 

composition of that 

emerald. Photo by S. 

Engniwat. 

 

RESULTS 

Gemological Properties. The samples’ gemological properties are summarized in table 1. The refractive indices 
varied from 1.570 to 1.588 for nε and 1.576 to 1.593 for nω, with birefringence between 0.006 and 0.010. Emeralds 
from Musakashi, Davdar, and all the Colombian deposits had lower RI than the samples from Kafubu and Panjshir.  
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The Musakashi emeralds displayed a particularly strong pink reaction in the Chelsea color filter, while a pink to 
strong pink display was typical in samples from all other localities except for Kafubu, in which there was no 
reaction. 
 

Microscopic Characteristics. Musakashi, Zambia. In the 11 samples reportedly from Musakashi, the most common 
inclusions were three-phase, usually containing at least two colorless transparent crystals and a rather small gas 
bubble suspended in a fluid (figures 3 and 4). Such inclusions were found in every sample we studied. The gas 
bubble always measured within the size range of the two crystals in the multiphase inclusion. In those inclusions 
containing two crystals, both crystals appeared to be singly refractive under cross-polarized illumination. The larger 
crystal was essentially cubic and bright, while the smaller one was rounded and faint (figure 3, A and B). In many 
samples, the multiphase inclusions also hosted one or more small dark to black crystals, and occasionally tiny 
colorless or whitish crystals (figures 3 and 4). 
 

 
 
Figure 3. Three-phase inclusions in Musakashi 

emeralds. A: The larger multiphase inclusion 

displays several crystals and a small gas 

bubble. B: Along with the gas bubble, at least 

three colorless crystals and one or two tiny 

dark crystals are visible. C: Two colorless 

transparent crystals and a small gas bubble in 

elongated multiphase inclusions. D: Two 

colorless transparent crystals with a small gas 

bubble and a tiny black crystal in irregularly 

shaped multiphase inclusions.  

Photomicrographs by S. Saeseaw, brightfield 

illumination. Image widths 0.9 mm (A) and 0.7 

mm (B–D). 

TABLE 1. Gemological properties of emeralds from various sources. 

      

Property Musakashi, Kafubu, Zambia All Colombia Davdar, China Panjshir, Afghanistan 

Refractive indices           

nε 1.572–1.578 1.582–1.588 1.570–1.573 1.577–1.580 1.572–1.580 

nω 1.580–1.582 1.590–1.593 1.576–1.580 1.583–1.588 1.580–1.590 

Birefringence 0.006–0.008 0.005–0.008 0.006–0.008 0.005–0.008 0.007–0.010 

Chelsea filter Strong pink Inert Pink to strong 

pink 

Pink Inert to pink 
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Figure 4. This Musakashi emerald clearly displays a gas bubble, a cubic crystal, two rounded colorless crystals, a tiny black crystal, and two 

tiny whitish rhombohedra. Raman spectroscopy was used to identify the host emerald (green), the CO2 gas bubble (purple), the square 

halide crystal (orange), and the smaller carbonate crystal (red). Photomicrograph by S. Saeseaw; brightfield illumination. 

 

Some of these inclusions were identified by Raman spectroscopy (figure 4); the gas phase was identified as 
CO2 (peaks at 1284 and 1387 cm–1). The singly refractive cubic crystals displayed only the emerald spectrum and no 
Raman lines, suggesting they could be halides (Venkateswaran, 1935). Daughter crystals were identified as calcite 
(peaks at 283, 713, and 1085 cm–1). An additional peak at 2328 cm–1 was assigned to N2. These results match those 
for fluid inclusions found in Colombian emeralds (Giuliani et al., 1994), but SEM is needed to identify the different 
complex mixed salts and daughter minerals. The shape of the inclusions was usually irregular, with numerous 
branches. In rare cases they appeared needle-like (figure 3C) or jagged (figure 3D). 
 
 
Under darkfield illumination, tube-like growth features (figure 5) were found in 10 of the 11 Musakashi samples. 
The tubes were oriented parallel to the prism faces of the crystal, a common feature in emeralds. Each sample had 
an evenly distributed green color except for one that displayed color banding ranging from strong green to 
colorless perpendicular to the c-axis and the growth tubes. 
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Figure 5. Growth 

tubes parallel to 

the prism faces of 

the crystal are 

visible in this 

Musakashi 

emerald. 

Photomicrograph 

by S. Saeseaw, 

brightfield 

illumination. Image 

width 2.7 mm. 

 

Solid inclusions 
were quite rare. 
Of the 11 
emeralds, only 
four hosted 
mineral 

inclusions that were not part of multiphase inclusions. The most common crystal inclusions identified using Raman 
spectroscopy were colorless and transparent euhedral calcite crystals (figure 6, left). Also found were several 
opaque and metallic euhedral inclusions resembling iron oxide, possibly hematite or the martite variety of 
hematite (figure 6, center), and some whitish translucent crystals identified as cryolite (figure 6, right). The iron 
oxide minerals identified usually occur in granitic pegmatites, but here they appeared in an emerald that also 
hosted pyrite and calcite inclusions. 

Figure 6. Single-phase solid inclusions found in the emeralds from Musakashi vary significantly and consist of: a colorless 
transparent crystal identified by Raman spectroscopy as calcite (left); a metallic opaque crystal, possibly hematite or 

martite (center); and whitish translucent crystals identified using Raman spectroscopy as cryolite (right). 
Photomicrographs by S. Saeseaw, darkfield illumination. Image widths 1.3 mm (left), 1.1 mm (center), and 1.0 mm (right). 

 

Kafubu, Zambia. Most of the inclusions in the Kafubu samples were multiphase and rectangular in shape (figure 7), 
but some were quite irregular in outline (figures 8 and 9). These inclusions typically hosted some liquid and a gas 
bubble, but in several cases it was possible to see a solid third phase. Usually the associated crystal had very low 
relief. When the inclusions were studied between crossed polarizers, the crystal showed evidence of being doubly 
refractive (figure 9). This was very different from our observations of the Musakashi emeralds, which had at least 
two singly refractive crystals (halides) trapped within the multiphase inclusions. 
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Figure 7. Top: Rectangular multiphase 

inclusions were visible in emeralds from 

Kafubu.  

Bottom: Detail of rectangular multiphase 

inclusions in an emerald from the Kagem 

mine reveals relatively large gas bubbles, 

with and without solid inclusions.  

Photomicrographs by V. Pardieu, 

brightfield illumination. Image widths 2.7 

mm (top) and 1.1 mm (bottom). 

 

 

 

 

 

 

 

 

 

 

Figure 8. Irregularly shaped multiphase inclusions in emeralds from Kafubu showed liquid containing a gas 

bubble and in some cases a solid third phase. Photomicrographs by V. Pardieu, brightfield illumination. Image 

widths 1.3 mm (left) and 1.0 mm (right). 
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Figure 9. Irregular 
multiphase 
inclusions in 
emeralds from 
Kafubu. Under cross
-polarized 
illumination, a small 
doubly refractive 
crystal inclusion 
becomes visible as a 
bright spot (see red 
arrow). 
Photomicrograph by 
V. Pardieu; image 
width 1.3 mm. 

 
 
 
 
 
 
 

Another interesting observation of the Kafubu emeralds was that when the inclusion and the gas bubble were flat, we could 
estimate the size ratio between them. In these samples, the gas bubble appeared to contain one-third to one-half the volume 
of the multiphase inclusion at room temperature. This was much larger than the gas bubble observed in emeralds from 
Musakashi, which indicates considerably different temperature and pressure conditions of formation and possibly very 
different fluid composition. These observations suggest a different geologic background. 
 
Solid inclusions with no associated liquid or gas inclusions were quite common in all the samples from Kafubu. One of the 
authors (VP) visited Kagem in 2011 and 2012 and found that the emeralds there were commonly associated with quartz, 
pyrite, dark brown to black tourmaline, mica, and chlorite (figure 10). The most common crystal inclusions found had dark, 
opaque, and dendritic features, identified by Raman spectroscopy as pyrolusite, amphibole, and tourmaline (figure 11), as 
well as chlorite and mica. These inclusions offer telltale features that reflect the mineral associations found at the site. 

 
 
 
Figure 10. An interesting scene observed at the 
Kagem mine: an emerald crystal associated with 
black tourmaline, quartz, mica, and pyrite. It 
was not surprising to see this mineral 
association at the site, as it can also be seen 
inside the gem. This offers a fine example of the 
direct association between the geological 
background and the internal world of a 
gemstone. Photo by V. Pardieu. 
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Figure 11. Various single-phase solid inclusions were observed in emeralds from the Kagem mine. Left: A dendritic black opaque mineral 
inclusion (probably pyrolusite). Center: A dark brownish transparent mineral inclusion identified by Raman spectroscopy as amphibole. 
Right: A dark brownish mineral inclusion identified as tourmaline with Raman. Photomicrographs by V. Pardieu, brightfield illumination. 

Image widths 2.0 mm (left) and 4.0 mm (center and right). 

 
Panjshir Valley, Afghanistan. Most of the inclusions in emeralds from the Panjshir Valley are multiphase. These typically 
have an elongated needle-like shape (figures 12 and 13), but they may also display an irregular (figure 14) or even 
jagged aspect (figure 12). These inclusions often host several cubic to rounded transparent crystals, and sometimes 
small, dark opaque crystals. Examined under crossed polarizers, the cubic crystals appeared to be singly refractive and 
the small rounded crystals appeared doubly refractive (again, see figure 12). These observations were identical to those 
previously reported (Bowersox et al., 1991). The gas bubble appeared to be smaller than the main crystal inclusion 
(which was usually cubic). 

Figure 12. These Panjshir emeralds contain a needle-like multiphase inclusion hosting crystals and gas 
bubbles (left), and jagged, irregularly shaped multiphase inclusions hosting crystals and gas bubbles 
(right). Photomicrographs by V. Pardieu, brightfield illumination. Image widths 0.8 mm (left) and 1.3 mm 
(right). 

Figure 13. Elongated needle-like multiphase inclusions, hosting several crystals and gas bubbles, in emeralds 
from the Kamar Safeed area near Khenj in the Panjshir Valley. Photomicrographs by S. Saeseaw, brightfield 
illumination (left) and crossed polarizers (right). Image widths 0.9 mm. 
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Figure 14. Left: This emerald from the Kamar Safeed area in the Panjshir Valley of Afghanistan contains an irregular blocky 
multiphase inclusion hosting gas bubbles, a liquid phase, and several crystals. Center: Irregularly shaped multiphase 

inclusion hosting a gas bubble and several crystals, from the Koskanda area near Khenj. Right: Irregularly shaped multiphase 
inclusion hosting a small gas bubble and several crystals (one cubic and one more rounded), from Kamar Safeed. 

Photomicrographs by V. Pardieu, brightfield illumination. Image widths 0.9 mm (left and center) and 0.7 mm (right). 
 

Davdar, China. Most of the inclusions in the samples from Davdar were multiphase. These were often jagged or 
irregular in shape (figures 15–17) and occasionally needle-like (figure 16). Some fluid inclusions contained two 
halide cubes (figure 16), as reported previously (Marshall et al., 2012). In these emeralds, the gas bubble was 
smaller than the whole inclusion and usually somewhat smaller than the associated cubic crystals. 

Figure 15. Jagged multiphase inclusions hosting gas bubbles and several crystals in emeralds from 
Davdar, China. Photomicrographs by S. Saeseaw, brightfield illumination. Image widths 0.7 mm. 

Figure 16. Irregular and needle-shaped multiphase inclusions found in emeralds from Davdar, hosting single 
gas bubbles, multiple cubic crystals, rounded transparent crystals, and tiny black opaque solids. 
Photomicrographs by S. Saeseaw, brightfield illumination. Image widths 0.8 mm (left) and 0.7 mm (right). 
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Figure 17.  Irregular multiphase inclusions with a gas bubble and a cubic crystal in an emerald from Davdar.  
Photomicrograph by S. Saeseaw, brightfield illumination. Image width 0.8 mm. 

Colombia. The most common inclusion in the Colombian emeralds was a jagged multiphase inclusion hosting a gas 

bubble and one or more cubic crystals (figures 18–20). In these stones, the gas bubble was usually smaller than the 

whole inclusion and no larger than the associated cubic crystal. Many of these emeralds also contained a tiny dark 

opaque crystal (figures 18 and 20, right) and clusters of daughter crystals, usually irregularly shaped (figures 19, 

bottom, and 20, left). These daughter crystals are related to various carbonate compounds (Giuliani et al., 1994). 

Most of the multiphase inclusions had the classic jagged shape associated with Colombian emeralds. In several 

cases the shape was more elongated, like a blade (figure 20, center), and occasionally irregular (figure 20, right).  

Figure 18. Two classic jagged multiphase inclusions in emeralds from Muzo, Colombia, hosting a gas bubble with two 

cubic crystals and a tiny dark opaque crystal. Photomicrographs by S. Saeseaw, brightfield illumination. Image widths 

0.9 mm (top) and 0.7 mm (bottom). 
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Figure 19. Examples of multiphase inclusions in 
emeralds from Colombia. Top: This multiphase 
inclusion hosting a gas bubble and a large 
colorless cubic crystal with barely visible edges, 
which appears larger than the bubble, is seen 
in an emerald from the La Pita area.  
 
Bottom: Another example of jagged multiphase 

inclusions hosting a gas bubble, a large 

colorless cubic crystal (larger than the bubble), 

and possibly a smaller cluster of daughter 

crystals. This sample was from the Coscuez 

area.  

 

Photomicrographs by S. Saeseaw, brightfield 

illumination. Image widths 0.9 mm (top) and 

1.0 mm (bottom). 

 

 

 

 

 

 

 

Figure 20. Left: In Colombian emeralds such as this one from Muzo, liquid was often associated with a gas bubble as well as 

a large colorless cubic crystal. In this sample, some smaller colorless and dark crystals are also visible. Center: Elongated 

blade-like multiphase inclusions hosting a gas bubble and a large colorless cubic crystal (slightly larger than the bubble) in 

an emerald from Coscuez. Right: In some cases, the multiphase inclusions were not jagged or elongated blades but 

irregularly shaped. Here the multiphase inclusions from a Coscuez emerald host a gas bubble, a large colorless cubic crystal 

(about the same size as the bubble), and some smaller crystals. Photomicrographs by S. Saeseaw, brightfield illumination. 

Image widths 1.3 mm (left) and 0.8 mm (center and right). 
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UV-Vis-NIR Spectroscopy. The samples collected for UV-Vis-NIR spectroscopy were fabricated as optical wafers 

oriented either perpendicular or parallel to the crystal’s c-axis—with the exception of emeralds from Musakashi, 

which were either faceted or contained a single polished window. In this study, UV-Vis-NIR spectra characterized 

the following chromophores for emerald (Wood and Nassau, 1968): 

 

 

Zambia. In the 11 unoriented samples from Musakashi, the UV-Vis spectra displayed minimum absorptions at about 348 and 

510 nm for the ordinary ray. For octahedral Al3+ in emeralds, substituted Cr3+ exhibited bands at 430 and 600 nm for the 

ordinary ray and lines at 476, 680, and 683 nm. These emeralds showed no significant Fe2+-related absorption features in the 

NIR region, and no Fe3+ was observed (figure 21A). 

 

 

 

 

 

 

 

 

 

Cation Identifying absorption characteristic Possible geographic origin 

Cr3+ 

Bands at approximately 430 and 600 nm (ω), 

and at approximately 420 and 630 nm (ε)  

Lines at 476, 680, and 683 nm 

Musakashi, Kafubu, Davdar, Pan-

jshir, Colombia 

Fe2+ A band at 620 nm (ε), and a broad band at 

approximately 810 nm (ω, ε) 

Strong: Kafubu 

Moderate: Davdar, Panjshir  

Fe3+ 

Narrow bands at 372 (ω) and 465 nm (ω, ε), 

and a band at approximately 400 nm (ω, ε) Kafubu, Panjshir 

V3+ Bands at approximately 400 nm (ω) and 654 

(ε) 

Strong: Davdar, Columbia 
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Figure 21. These UV-Vis-NIR absorption spectra are representative of the five different emerald localities in this study. Solid 

line = ordinary ray (ω) and dashed line = extraordinary ray (ε). Note: LA-ICP-MS analysis gave values corresponding to the 

different localities: 

(A) 5,526 ppm Cr, 1,312 ppm V, and 1,400 ppm Fe 

(B) 3,347 ppm Cr, 116 ppm V, and 9,443 ppm Fe 

(C) 1,236 ppm Cr, 687 ppm V, and 6,250 ppm Fe 

(D) 650 ppm Cr, 2,494 ppm V, and 2,188 ppm Fe 

(E) 822 ppm Cr, 1,882 ppm V, and 723 ppm Fe 
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The nine fabricated samples from Kafubu all displayed the same absorptions: UV-Vis minima at 367 and 514 nm for 
the ordinary ray, and at 390 and 500 nm for the extraordinary ray. Moreover, a narrow Fe3+ band was observed at 
372 nm in the ordinary ray but not the extraordinary ray, and a strong Fe2+ band at around at 810 nm was recorded 
(figure 21B). 
 
Afghanistan. Nine fabricated samples were studied. Their UV-Vis spectra showed the Fe3+peak at 372 nm for the 
ordinary ray and moderate Fe2+ absorption at 810 nm, similar to Kafubu emeralds. Yet some of the Panjshir 
samples appeared to contain no Fe3+, due to a low iron concentration, and they also exhibited peak heights at 810 
nm that were lower than in the Kafubu samples (figure 21C). 
 
China. Ten samples were measured, but only three were fabricated perpendicular or parallel to the c-axis. A 
representative UV-Vis spectrum is displayed in figure 21D. Davdar and Musakashi emeralds presented similar 
spectra, but with higher Fe2+ absorption in the NIR region of the former. But no Fe3+ features were observed, and 
strong V3+ absorptions were detected. 
 
Colombia. The eight fabricated samples from Chivor, Coscuez, and Muzo exhibited UV-Vis spectra similar to those 
of Musakashi emeralds. Neither Fe2+ nor Fe3+ were observed. Absorptions corresponding to V3+ were present at 
about 400 and 654 nm (figure 21E). 
 
FTIR Spectroscopy. FTIR spectra were recorded in the 400–7800 cm–1 region, with the major area of interest 
between 4500 and 7500 cm–1—specifically, the area related to water molecule vibrations. The resulting spectra 
indicated that the emeralds could be divided according to type I and II water molecule assignments (Wood and 
Nassau, 1968; Schwarz and Henn, 1992). Type I water molecules are oriented in the channels, not linking to other 
alkali metal ions, and their H-H direction is parallel to the c-axis. Type II molecules are located adjacent to alkali 
metal ions in the channel, and their H-H direction is perpendicular to the c-axis. 
 
All of the emeralds contained type I water molecules except the samples from Kafubu (figure 22). The 
extraordinary ray plots of type I emeralds each exhibited a 7140 cm–1 peak that was more intense than the peaks 
found at 7095 and 7072 cm–1. The plots from type II emeralds displayed their highest-intensity peak at 7095 cm–1. 
These results matched previous reports (Wood and Nassau, 1968; Schwarz and Henn, 1992) that assigned the 7140 
cm–1 peak to type I water molecules and the 7095 cm–1 peak to type II water molecules. 
 
Trace-Element Analysis. All 84 emeralds from the five different localities were analyzed using LA-ICP-MS (table 2). 
 
Zambia. The Musakashi emeralds shared similar trace-element chemistry with the Colombian samples. They 
contained low concentrations of alkali metals (Li, Na, K, Rb, and Cs); Mg, and Fe, as well as minor traces of Ni. Total 
alkali ion concentrations averaged 4250 ppmw. In terms of chromophore elements, the concentrations of Cr were 
greater than V, and the Cr/V ratio ranged between 1.7 and 5.3. Fe content varied from 680 to 1,490 ppmw. Trace 
amounts of Ni were also present. 
 
The samples from Kafubu were rich in the trace elements Li, Na, K, Rb, Cs, Mg, and Fe, as well as Ti, Sc, Mn, Ni, and 
Zn. Total alkali ion concentration was as high as 34,747 ppmw; Mg and Fe contents averaged 15,004 and 8,621 
ppmw, respectively. The chromophore elements Cr and V varied from 733 to 4,330 ppmw for Cr and from 71 to 
180 ppmw for V; the Cr/V ratio was between 8 and 40. Small amounts of Sc were detected, from 12 to 75 ppmw. 
Significant traces of Mn, Ni, and Zn were also present. 
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Figure 22. Representative FTIR spectra 
(solid line = ordinary ray ω, dashed line = 
extraordinary ray ε) illustrating the type 
I and II water observed in emeralds from 
each origin. Type I samples showed 
peaks at 7140 (ε, ω), 7095 (ε, ω), 7072 
(ε), 7042 (ω), 6843 (ω), 6815 (ε), 5430 
(ω), 5268 (ω,ε), and 5205 (ω, ε) cm–1. 
Type II samples (which were only from 
Kafubu) showed peaks at 7265 (ε), 7140 
(ε), 7095 (ω, ε), 7076 (ε), 6840 (ω, ε), 
5594 (ε), 5340 (ε), 5273 (ω, ε), and 5200 
(ω, ε) cm–1. 
 
Afghanistan. Afghan emeralds from 
Panjshir contained on average 10,780 
ppmw of alkali ions. The chromophore 
elements Cr and V ranged from 118 to 
4,730 ppmw and from 255 to 3,680 
ppmw, respectively. The Cr/V ratio was 
0.3 to 3.3. Iron contents ranged from 
1,010 to 9,820 ppmw. Scandium 
contents were detected up to 2,290 
ppmw, the highest concentration for 
this element in our study. 
 

China. The emeralds from Davdar 
contained relatively lower amounts of 
combined alkali ions, 8,835 ppmw on 
average. Their green color was caused 
by the presence of both Cr and V, which 
varied from 146 to 5,630 ppmw for Cr 
and from 657 to 6,960 ppmw for V. The 
ratio for Cr/V was 0.1 to 1.0. Iron 
concentrations ranged up to 4,350 
ppmw. 
 
Colombia. All the Colombian emeralds 
contained low concentrations of alkali 
metals (Li, Na, K, Rb, and Cs), as well as 

Mg and Fe. Total alkali ion concentrations averaged 4,725 ppmw. The chromophore elements Cr and V ranged 
from 172 to 10,700 ppmw for Cr and from 218 to 10,100 ppmw for V; the Cr/V ratio was between 0.04 and 3.5. La 
Pita contained higher Cr and V than the other Colombian mines. Overall, the Colombian emeralds contained the 
lowest Fe concentrations in this study, from 117 to 2,030 ppmw. 
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DISCUSSION  

Geology. Several summaries describing the geology of major emerald deposits are available in the gemological and 
geological literature (Giard, 1998; Behmenburg, 2002; Groat et al., 2008), but very few have dealt with the newer 
deposits such as Davdar or Musakashi. The mention by Klemm (2010) of sandstone as a possible host rock for 
Musakashi emeralds is quite interesting, as calcareous sandstone was also identified as the main host rock of the 
emeralds from Davdar (Pardieu and Soubiraa, 2006; Michelou and Pardieu, 2009; Schwarz and Pardieu, 2009; 
Marshall et al., 2012). It is very intriguing to observe similar multiphase inclusions in the stones from these two 
deposits. 
 
Multiphase Inclusions. The discovery of three-phase inclusions in samples reportedly from Musakashi was rather 
surprising. While these inclusions are similar to those in emeralds from Colombia, Afghanistan, and China (Xin 
Jiang), specimens from the neighboring Kafubu area of Zambia contain two-phase inclusions or three-phase 
inclusions with crystals that are only visible under cross-polarized light (Zwaan et al., 2005). The stones reportedly 
from Musakashi had multiphase inclusions hosting not only liquid and gas bubbles but also several solid phases. 
Usually at least two crystals could be seen: one cubic, one more rounded, and often several smaller ones ranging 
from transparent colorless to opaque black. This was not typically observed in our Colombian samples. The cubic 
crystals, the gas phase, and the daughter crystals were identified by Raman spectroscopy as a halide, CO2, and 
carbonate, respectively. These results are identical to those reported for fluid inclusions in Colombian emerald 
(Giuliani et al., 1994). The shape of the cavity housing the multiphase inclusions in our Musakashi samples was 
usually quite irregular, not unlike those seen in those from Colombia, Afghanistan, and China. In some cases the 
cavity’s shape was similar to the jagged form commonly found in Colombian emeralds or the elongated needle 
shape typical of Panjshir emeralds. But for the most part, the cavities in the Musakashi samples were similar to 
those associated with Davdar. 
 
Unlike the Kafubu emeralds, the multiphase inclusions in our Musakashi samples also contained more crystals with 
single refraction than double refraction. The gas bubbles in Musakashi multiphase inclusions were smaller than 
those found in Kafubu material. These results reflect the possibility that different temperature and pressure 
conditions, geologic backgrounds, and fluid compositions existed when the emeralds from these two neighboring 
locations formed. 
 
Spectroscopy. UV-Vis-NIR. The UV-Vis-NIR spectra were characterized by absorptions that resulted from the 
presence of the chromophores chromium, vanadium, and iron, illustrated in figure 21. The Musakashi emeralds 
shared similar absorption characteristics with those from Colombia and Davdar, but with lower V3+ absorption. 
Furthermore, the Musakashi samples showed no significant Fe2+-related absorption features at about 810 nm, and 
no Fe3+absorption at about 372 nm, which distinguished them from Davdar and most of the Kafubu material. 
Kafubu and Panjshir samples showed a strong narrow absorption band at 372 nm corresponding to Fe3+, as well as 
a broad band around 810 nm corresponding to Fe2+. The Davdar emeralds displayed only the Fe2+-related broad 
band. The 810 nm peak is related to Fe content, though their relationship has not been clearly established yet. 
With higher iron concentration, the peak intensity at 810 nm increased, along with the peak at 372 nm. In this 
study, we measured the 810 nm peak height of the ordinary ray, which ranged from 7 to 11 cm–1 (Kafubu) and from 
1 to 5 cm–1 (Panjshir). 
 
The FTIR spectra recorded for the type I emerald samples all showed a 7140 cm–1 peak, higher than those at 7095 
and 7072 cm–1 for the extraordinary ray, related to low alkali metals contents in the channels of the beryl structure. 
(Again, Kafubu was the only locality that yielded type II samples.) Total alkaline ion concentration, determined 
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using LA-ICP-MS, showed no relationship with the peak at 7140 cm–1. This was because some of the alkali metals 
may exist in sites other than those that influence the water spectrum. For example, Li may occur in Be or Si sites, 
depending on ion sizes. 
 
Trace-Element Variations. The samples from Musakashi were characterized by LA-ICP-MS as having low 
concentrations of alkali metals and Mg, and high Al content. Most of the Kafubu emeralds seemed to have an 
abundance of the alkali metals Li, Na, K, Rb, and Cs. Various log-log population fields generated from the trace-
element data collected (with multiphase inclusions) showed great potential in distinguishing geographic origin 
(figures 23–25). To explore this further, we added published data for Brazilian emeralds from Rio Grande do Norte 
(Zwaan et al., 2012), which confirmed the usefulness of this separation criterion. A log-log plot of Li versus Cs 
content can easily separate the two Zambian deposits (figure 23). The same type of plot can generally distinguish 
Panjshir and Davdar from Musakashi and Colombian emeralds, even with a small overlapping area. This plot may 
also help differentiate between Davdar and Panjshir, as the areas overlap only slightly. We compare this to Schwarz 
and Pardieu (2009), whose diagram of Ga versus Fe showed nearly complete overlapping between Davdar and 
Panjshir, rendering it impossible to distinguish between the two locations. As the population fields in the log-log 
plot of Li vs. Cs overlap for Musakashi and all Colombian emeralds, a plot of Fe vs. K and Fe vs. Ga proved useful in 
separating between these two origins (figures 24 and 25). In addition, the recorded Ni content was just above the 
detection limit in emeralds from Musakashi but below the detection limit in most Colombian samples. Average Fe 
concentrations were highest in samples from Kafubu. Moreover, the Panjshir emeralds contained higher Sc, which 
was very useful in distinguishing them. 

Figure 23. Log-log plot of lithium (Li) versus cesium (Cs) concentrations in emeralds from the five different localities. 
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Figure 24. Log-log plot of iron (Fe) versus potassium (K) concentrations in emeralds from the five different localities. 

Figure 25. Log-log plot of iron (Fe) versus gallium (Ga) concentrations in emeralds from the five different localities. 
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CONCLUSIONS 

For many years, the observation of three-phase inclusions in emeralds was considered a reliable indicator of Colombian 
origin. But with the arrival in the market of emeralds from Panjshir (Afghanistan), Davdar (China), and Kafubu and Musakashi 
(Zambia) that may also display three-phase inclusions, origin determination became more complicated. There are some 
notable differences, however. 
 
Emeralds from the Musakashi deposit are of particular interest, as their internal features are quite different from those found 
in the well-known deposits in the neighboring Kafubu area. The inclusion scene within the Musakashi emeralds is indeed 
dominated by multiphase inclusions that are commonly associated with Colombian origin. Nevertheless, the outline and 
make-up of these multiphase inclusions may be more irregular than those typical of Colombian deposits. Furthermore, the 
tendency of Musakashi emeralds to have at least two crystals associated with a gas bubble may raise questions about a 
possible Zambian origin. 
 
Emeralds from Panjshir, Afghanistan, are often characterized by elongated needle-shaped multiphase inclusions rather than 
the traditional jagged type often seen in Colombian material. Furthermore, Afghan emeralds often host up to 10 cubic to 

rounded transparent crystals, and sometimes small dark, opaque crystals. When examined between crossed 
polarizers, the cubic crystals appeared to be singly refractive and the small rounded crystals appeared doubly 
refractive. Such features are not typical of Colombian emeralds. 
 
The multiphase inclusions in emeralds from Davdar, China, can be very similar to those in emeralds from 
Colombian deposits. Many of the multiphase inclusions found in Davdar specimens are jagged and have only one 
cubic crystal. But the shape of these multiphase inclusions is usually more irregular (sometimes needle-like) than 
the jagged outline typically observed in Colombian emeralds. 

 
Studying the inclusion scene in these emeralds can be 
quite confusing, but spectroscopy and trace-element 
chemistry can provide additional valuable tools to 
distinguish between them. The presence or absence of 
Fe2+ and Fe3+ and the varying intensity of V3+ absorption 
may suggest different countries of origin. More 
generally, plotting the log-log results from the LA-ICP-MS 
data for Cs, Li, K, Ga, and Fe resulted in population fields 
that also appear very promising as a tool in determining 
the origin of emeralds. 
 

 Tables 2-3 (PDF) 
 
In many cases, the combination of the inclusion scene, UV-Vis-NIR absorption data, and trace-element chemistry 
(summarized in table 3) can help the gemologist determine the origin of emeralds with three-phase or multiphase inclusions. 
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As I prepared to make this presentation I realized that one is at a disadvantage seeking to understand 
pleochroism without comprehending basic aspects of crystallography. So I reviewed my notes on that
subject, for which I thank you. I loved the field while studying to become a gemmologist during the early 
1990s. Time sure moves quickly. Of course, my review led me to recognize that it is impossible to share basic 
crystallography in what is supposed to be a relatively brief presentation. So I will offer minimal 
crystallographic details, instead directing our attention to what and how a faceter can recognize and gain 
from understanding this property. By chance, the Fall, 2014 Gems and Gemology included a very fine article 
by Richard W. Hughes. “Pleochroism in Faceted Gems: An Introduction”1 describes theoretical and practical 
aspects of this topic in a clear, fascinating and novel manner. I asked the editors of that journal for permission 
to publish the article in our Newsletter and Mr. Hughes graciously allowed us to do so. 
 
For gemmological and faceting purposes, crystal systems are divided into seven families, each with particular 
descriptive axes, angles, planes of symmetry and along with these properties, three optical groups. I offer a 
depiction2 (Page 2-15 / 1992) of the families of interest to us from those earlier years along with some 
descriptive aspects in my sadly, at times, difficult-to-read handwriting. 
 
There are many factors which influence the colour we see when we look at a crystal or faceted gem. Among 
them are the native colour of the gemstone (in turn influenced by the chemical structure of the crystal lattice), 
the effect of ambient light, the nature of the viewing eyes, the presence of inclusions, colour zoning, the length 
of the pathways of light through the gem,1 the effects of dyes, heat treatments and irradiation and of course, 
pleochroism. I'm sure there are others which I've forgotten, for which I apologize. This evening, though, I will 
address only the latter. I will illustrate each section not only with diagrams but also with some examples of the 
various pleochroic stones described. 
 
Pleochroism 
Pleochroism is the property of a gemstone which occurs when light travels through a doubly refractive 
gemstone revealing two or more colours when viewed from different directions. A beam of light entering 
such stones is not only split into two rays but also each is polarized (i.e., vibrates in planes perpendicular to 
each other)2 (Figs. 4 and 5 from my notes). We are familiar with this phenomenon as expressed by refractive 
indices and birefringence. Polarized light is that group of light rays altered by birefringent gems or crystals so 
that they vibrate in one direction only, at right angles to their direction of travel. Put differently, light waves 
vibrate in all planes at right angles to their direction unless acted upon by the atoms in birefringent crystals. If 
one ray can be eliminated (for example, by using a polarizing filter), the remaining one can be observed (and 
measured); it leaves the crystal as plane polarized light. It is important to remember though, that colour due 
to pleochroism depends not on the direction of travel of the light rays but upon the direction of vibration of 
the polarized rays. 
 
In a coloured crystal, these two rays which pass through the stone at different speeds undergo selective colour 
absorption and consequently emerge as different colours which we can often distinguish. 
 
Because of the nature of our visual apparatus we see only one colour at a time as we turn the stone around 
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emerging light into component colours. In short, “The change in colour with direction is known 
as ...pleochroism (many-coloured effect).”3 
 
The intensity of pleochroism varies from strong to indistinguishable. Some dark coloured crystals like peridot 
produce very little dichroism. Others like ruby have clear and distinct differences in hue. Accordingly 
pleochroic colours can be described as strong, distinct, weak and very weak.4 I've included a Pleochroism 
Table from that same text. 
 
Please recall that pleochroism is never seen in colourless gems or in members of the isomorphic (singly refractive) 
group (garnet, spinel, coloured glass). Nor is it always seen in doubly refractive gems, so this property provides 
certain help in identifying gems when present, but not necessarily when absent. Colour zoning is not pleochroism. 
As noted earlier, anisotropic stones are divided into two groups based upon their optic axes as distinguished from 
their crystallographic ones. Members of the tetragonal, hexagonal and trigonal group are uniaxial, have a single 
optic axis which is defined as a direction of single refraction in a doubly refractive gemstone, parallel to the c-axis. 
They are dichroic; two colours are often found. Orthorhombic, monoclinic and triclinic stones are biaxial; three 
colours can be seen. Biaxial stones have two directions of single refraction within the otherwise doubly refractive 
stone. Only in the orthorhombic system do the optic axes bear a relation to the c-axis. 
 
Uniaxial (Dichroic) Stones 2,3 
For faceters pleochroism is important. With stones of the trigonal family, for example, the corundum  or 
tourmaline groups, one ray, the ordinary ray (o), or (ω) moves parallel to the optic axis. In all other directions 
the extraordinary ray (e) or (ε) blends with the ordinary. I've illustrated this concept in Fig. 6, Page 10a of my 
notes5. The greatest difference in colour (and R.I.) from the ordinary ray alone is that of the combined 
ordinary and extraordinary rays found at right angles to the optic axis, i.e, those rays of light perpendicular to 
the c-axis. In general, the better colour in dichroic stones is that of the ordinary ray, so in cutting them, we 
place the table at right angles to the optic (c-) axis. Looking down this axis we find the clear, often intense 
colour of the ordinary ray alone, for example, the pigeon-blood red of ruby or the pure, fine blue of sapphire. 
That having been said, a good number of dichroic stones do not show their best colour along the optic axis.3 With 
stones like aquamarine and blue apatite the ordinary ray tends to a paler blue than that of the extraordinary ray. 
Since both extraordinary and ordinary rays are present at a maximum of 50% perpendicular to the c-axis (or optic 
axis), we tend to seek that orientation of the table which permits the best colour, in this case with the table 
parallel to the optic axis i.e., the maximum exposure of the extraordinary ray is at this orientation. Similarly, dark c
-axis tourmaline encourages us to place the table parallel to the c-axis to permit access to the lighter hue of the 
combined rays. With lighter coloured tourmalines however, we return to seeking the more intense colour of the 
ordinary ray by cutting the table perpendicular to the optic axis. In effect, the extent of pleochroism varies 
considerably within the same gem species. 
 
Returning to corundum 1,3 most natural stones are cut with the table at right angles to the optic (c-) axis, a 
decision made not only because of colour but also due to the barrel-like shape of the crystal. In synthetic 
corundum, the table often lies parallel to this axis because the Verneuil boule is split along this axis. 
Accordingly, noting the presence of strong dichroism when looking through the table of a piece of corundum 
likely indicates synthetic origin. 
 
Biaxial (Trichroic) Stone 2,3 
In this group of crystals, the matter becomes complicated. Webster3 describes the situation succinctly:
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Although there can still only be two polarised rays passing along any one direction in the crystal, there are 
three critical refractive indices each corresponding to rays vibrating in the three mutually perpendicular 
directions. 
 
Each refractive index is described using Greek terminology, α (alpha), β (beta) and γ (gamma). In turn, each has a 
par icular colour a ached o i   we ake ioli e as an example3, the αray is a pale, brownish-yellow, the βray pale 
blue and the γray a deep violet-blue. Stones are best cut with table parallel o he edge o  he prism o 
demons ra e he deep blue which makes a ace ed piece o  ioli e so desirable
 
Yellow topaz shows a straw-yellow, pinkish-yellow and honey-yellow along its greatest, intermediate and least 
indices respectively as shown in Fig. 7 on Page 11a of my notes5. 
 
Wha  we call mperial opaz requires a pink-orange or peach hue in he body o  he inished s one  he 
pleochroic colours o  a reddish-amber crys al7 are s rong amber  pinkish-amber and pink or a varian  o these for 
the α, β and γ rays respectively (a, b, or caxes). If one looks at a topaz crystal the finer reddish hue may be found 
looking along the c  or γaxis. (Please recall that the γ  ray direction, as the others, permits recognition of the 
pleochroic colours only from the α  and βrays. The γray can't be seen). In reality this desirable colour is a 
combination of a mixture of α and β rays which comprise the visible por ions o  he pleochroic hues  We need o 
place he able so ha  he op imum balance o amber and pink combine o demons ra e he “ mperial” quali y 
o  his gem
 
The optical orientation of pleochroism for differently coloured topaz6 shows clear differences in the 
orientation of what one might consider the optimum hue. The faceter needs to examine the stone carefully in 
order to determine the best orientation of the table. Pink, blue and brown topaz have different optimum 
orientations. 
 
Kunzite3 demonstrates a lacklustre pink at right angles to the crystal prisms. However if viewed down its length, 
a deep lilac colour can be discerned. The faceter is wise to seek that hue when orienting the stone for cutting. 
The colour should be visible through the table in the cut stone. Tim Locke provided us with a completely 
wonderful Kunzite crystal with which we could examine the various pleochroic colours. 
 
For those interested in greater detail about the functioning of pleochroic colours, I offer the example of
andalusite.7 The diagrams are largely self-explanatory. As a biaxial crystal, andalusite has two directions of 
single refraction within an otherwise doubly refractive stone. Only in the orthorhombic system do the 
optic axes bear a relation to the c-axis. Fig. 2 attempts to demonstrate the combinations of polarized rays 
which result in the pleochroic colours of this stone. As can be seen, the hues observed from a stone cut 
roughly perpendicular to the c-axis represents a blending of the alpha, beta and gamma rays. The different
combinations of red and green hues reflect pleochroism. 
 
Figure 37 describes in somewhat more detail the nature of the differential selective absorptions seen when 
one examines particular rays. This diagram is oriented according to the rays of light entering the andalusite 
crystal, and then leaving it, showing the alterations in white light due to the electronic configurations of the 
crystal fields (or the directions of vibrations of the light rays). The proportions of different colour 
combinations associated with the three rays (the three R.I.s mentioned above) vibrating at right angles to 
each another, influence the hues seen by the observer. 
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The Dichroscope2 
These colour alterations are demonstrated using the dichroscope as illustrated on Page 5a. Polarizing filters or 
a rhomb of clear calcite enable the viewer to observe the alterations in colour as the stone is turned. One-half 
of the lens demonstrates the colour of one polarized light component, and the other half, the colour of the 
polarized rays at right angles to it. Transmitted light is required to use the polariscope correctly. In fact, it is 
mandatory! 
 
Although the dichroscope will not enable direct identification of any stone it can provide the following information: 
 when colours change, the mineral is doubly refracting, neither isometric nor amorphous. 
 when colours do not change in one part of a pleochroic crystal, the dichroscope is pointing along an optic axis. 
 when only two colours are observed, the mineral is probably uniaxial, therefore, tetragonal, hexagonal or trigonal. 
 when three colours are observed, the mineral is probably biaxial, therefore, orthorhombic, monoclinic or 

triclinic. 
 
If the colour difference is very small it is best to downplay its significance. Many factors can create slight 
colour pairings (a false impression of pleochroism). Multiple other factors can influence the colour of a 
stone.  
 
The dichroscope is a most effective instrument because two colours can be viewed side-by-side. If you don't own one, 
it is possible to see pleochroic colours through an inexpensive polaroid film or better still, a polarizing camera filter. 
One can shine light through a stone and observe the different colours as the stone is rotated. Webster3 believes bright 
sunlight is best for viewing pleochroism, but most of us will use incandescent light. Again, Webster3 
 
It is absolutely essential that the stone be tuned into different positions to obtain the fullest dichroic or pleochroic 
effects. Not only must it be remembered that there can be no dichroism visible in the direction of an optic axis, but 
also it should be realized that only when the vibration directions of the light forming the images of the dichroism 
window correspond exactly with those of the two dichroic rays can these be seen in their proper colours. In other 
orientations, part of each is resolved into each dichroscope image, and when the rays are at 45 degrees to those of 
the dichroscope, both dichroscope images will be of identical colour. 
 
Conclusion 
So where do we go from here? As faceters we need to understand the multiple factors involved in the actual 
colour seen with our naked eyes. Careful examination of a gemstone from multiple angles inside and out, with 
and without a dichroscope goes a long way towards determining not only the orientation of a gemstone for a 
preferred cut, but also its final shape. Ultimately, we want the viewer to find the finest colour and shape when 
he or she looks at the table of our faceted, set gemstone. 
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[Ed note: Peter Herschman submitted the following article by R.W. Hughes, with permission of the author. 
It is re-printed due to the reciprocity between guilds. What a wonderfully written explanation to go along 
with Peter’s most interesting   presentation and write up on this mineral property.] 
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Practical Gemstone Identification 
For the Average Faceter 

By Glenn Ruminson 
From Facets, February 2015 

 
Why might the average faceter want to know 
something about gemstone identification? 
 
There are three “nots” to consider with Practical 
Gemstone Identification. Most of the time rough and 
cut gems are correctly identified but identity and 
appearances do matter. And let’s face it, there are 
some venders out there who would sell you cheap 
rough or gemstones for a fortune. 

 
Our first not: What the seller offers as rough may 
not be what we find on a closer look. 

I found some lovely garnet rough. The  vendor thought 
it was rhodolite. I used his light to take a look. Sure 
enough, lovely rhodolite color. To my 
disappointment, at home with proper lighting the 
garnet was a deep red, not a beautiful purplish-red. I 
realized too late that I had been misled by  a borrowed 
LED flash-light. Now I’m never without my 
Minimaglite. 

 
Our second not: An appraisal may not always be 
spot on. 

I ran across a beautiful “star sapphire” in a jewelry 
pawn shop. It even came with an  appraisal.  At home, 
on closer examination, I realized it couldn’t be a 
sapphire but was actually quartz. Fortunately, the 
pawn shop had good customer relations and 
refunded me for my purchase. I then  repurchased the 
ring for less than a 10th of the original price. 

 
How did I know it was quartz and not sapphire? The 
dichroscope did not display the expected sapphire 
dichroic colors and a polariscope examination 
showed a bulls-eye interference figure. Only quartz 
will have this. 

 
Our third not is a double not: We do not want to 
test a stone for what it is. We want to test it for 
what it is not. 

Thinking in terms of a process of elimination helps us 
to come more quickly to a positive gemstone ID. 
Ideally we’ll want a fully-equipped gemology bench. 
Here is what we’d expect to see in the average 
laboratory. The first two tools will eliminate the most 
unknowns from our list. 
 
Refractometer 
Specific gravity scale 
Polariscope  
Microscope  
Dichroscope  
Spectroscope  
Chelsea filter 
 
The first four pieces of equipment would  together 
cost an arm and a leg but we can identify 85% of 
colored gemstones with the last three relatively 
inexpensive, portable, easy-to-use tools. We  can take 
them wherever we might want to verify the identity of 
rough and cut gems. 
So if we’d like to learn how to identify rough and cut 
gems, here is what we’d need: 

1. Some basic gemstone knowledge that equips 
us to intelligently use our tools. 

2. Portable tools. 
3. A testing procedure. 
4. Reference material to advance our learning 

and check out more obscure options. 
 
We’ll look at each of these areas in turn. I won’t be 
comprehensive but I hope to open your eyes to 
possibilities and whet your appetite for learning how 
you can ID gemstones. 
 
Gemstone Knowledge Basics 
Under Gemstone Knowledge Basics I would include, 
at a minimum, some details about optical 
phenomena, crystal systems and absorption spectra. 
Later, to make full use of your tools, you’ll want to 
expand your knowledge base using the gemstone ID 
sources I have referenced. 
 
Optical phenomena 
Presence of any of these features significantly 
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narrows the list of options. 
 
Adularescence — a blue or white color that floats 
inside the stone, e.g., Moonstone. 
 
Asterism — Stars that float on the surface of the stone, 
e.g., Star ruby and sapphire. 
 
Aventurescence — Flashes of light from inclusions, 
e.g., Oregon sunstone copper schiller, African 
sunstone with hematite platelets. 
 
Chatoyancy — A single band of color that shifts as 
stone is tilted e.g., Cat’s eye stones. 
Color change — Different colors or color tones under 
daylight and incandescent light. 
 
Iridescence — Play of shifting spectral (rainbow) colors 
due to light interference, e.g., Labradorescence in 
Labradorite or Spectrolite,  Play of color in precious 
opal, Ammolite, fire agate, rainbow quartz. 
 
Crystal systems 
I’ll summarize features essential for using the 
dichroscope, one of our pocket tools. 
 
Cubic stones display only one color and do not polarize 
light. All other gemstones polarize light into two paths. 
Tetragonal and hexagonal  gemstones may display two 
directional colors or color tones. Orthorhombic, 
monoclinic, and triclinic stones may show 2 or 3 
directional colors. Pleochroism is the general term for a 
gemstone’s ability to display directional colors. 
 
In some stones, such as tourmaline or Iolite, 
pleochroic colors can be easily seen with the unaided 
eye. For most stones, you’ll need to use a 
dichroscope to see the color differences. To show 
these directional colors, side-by-side, one type uses 
two polarizing filters at 90 degrees to each other. 
 
The other type uses a split calcite prism, which has the 
same effect as two polarizing filters. 
Here is a partial list of gems by crystal system. 
Eventually, you’ll want to memorize these. 

 
Cubic: Diamond, garnet, spinel. Show only one color, 

no matter the direction of view. 
Tetragonal: Zircon. May show two directional colors 

or color tones. 
Hexagonal: Apatite, beryl, corundum - may show 

two directional colors or color tones. 
Tourmaline, quartz - may show two colors or color 

tones. 
Orthorhombic: Andalusite, alexandrite, tanzanite, 

topaz, peridot, chrysoberyl and iolite. 
(two or three directional colors or color tones.) 

Monoclinic: Spodumene, Moonstone - may show 
two or three directional colors. 

Triclinic: Feldspar group - may show 2 or 3 
directional colors. 

 
Absorption spectra basics 
What are absorption spectra? If you look at a gemstone 
with the spectroscope you’ll see a partial or complete 
rainbow spectrum. All colored stones partially absorb 
some of that spectrum. The color seen depends on what 
part of the spectrum got absorbed. However some 
gemstones will absorb color in a unique pattern of lines, 
bands or whole sections of the spectrum. These 
patterns are diagnostic of that gemstone. 

Editor (JB): Two references that I use for spectral 
studies are: 
Winter, C. (2003). A student’s Guide  to Spectroscopy.  
OPL Press, UK.  ISBN: 0-9544853-0-0. & Hodgkinson, 
A. (1995). Visual Optics – Diamond and Gem 
Identification without Instruments. Gemworld 
International. Illinois, USA. There is an excellent 
reference available for the industry at about Euro90 
(~AUD150 plus postage)! Dedyne, R. & Quintens, I. 
(2007). Tables of Gemstone Identification. Glirico-
Ghent, Belgium. 

 
Portable tools 
With these pocket tools and some gemstone 
knowledge we can positively identify 85% of colored 
gemstones. 
 

Incandescent flashlight such as a Minimaglite (not 
an LED light) 
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10X loupe – must be high quality, e.g., Belomo 
(Ed.) 
Dichroscope — Displays different colors of 
pleochroic stones 
Spectroscope — Displays absorption spectra. 
Chelsea filter — The Chelsea filter absorbs all of the 
spectral colours except red and yellow-green. 
Colors that may be seen include some shades of red 
and yellow-green or a combination of the two. It is 
useful for detecting some dyed and treated stones 
and separating some gems from their stimulants 
(imitations.) 
 

I’d also recommend one more tools such as the short/
long wave UV light. It isn’t quite as portable as the 
others but it’s in the same price range and it can be 
most helpful for some separations when tests with the 
other three tools are inconclusive. 
 
Using our tools and basic knowledge 
Now we begin using some of our basic gemstone 
knowledge. The first thing we do is examine our 
unknown with the unaided eye and the 10X loupe. 
Clues gained from our observations will reduce our 
options to a short list. We’ll be looking for the 
following: 
 
Color — Just noting the color will eliminate a lot of 
options. For example, if we have a red stone we 
already know it is not an emerald, a peridot, a 
demantoid or tsavorite garnet. 
Pleochroism — Some stones show  strong directional 
colors we can see with the unaided eye. (Ed. A single 
colour will eliminate nearly all cubic minerals.) 
Optical phenomena — When present, these features 
cut our list to just a handful of options. 
Surface features — sharpness of facets, polish, luster 
(metallic, adamantine, vitreous, greasy, silky, dull.) 
From these observations we can guess approximate 
hardness and refractive index of our unknown 
gemstone. Hardness of a piece of rough is easily 
measured. 
Dispersion — Presence of fire.  Practically eliminates 
low dispersion stones. 
Doubling of facet junctions — The amount of doubling 
(double refraction) may help narrow our options.  (Ed. 

Zircons usually exhibit strong DR). 
Internal features — Positive and negative crystals, 
veils, bubbles, swirls, roils and cleavages. 
Warmth to touch — Eliminates all but glass or plastic. 
Initial observations may suggest which tool to use next.  
 
Here’s what we might expect from the use of the last 
three tools. 
 
Dichroscope: Presence of pleochroism will eliminate 
cubic system stones. Colors found may be diagnostic 
of a specific gem, e.g., tourmaline, iolite. Reference 
materials will usually list pleochroic colors expected in 
a particular gemstone. Except for a few common ones, 
we won’t need to memorize these. 
 
Chelsea filter: Useful mainly to  eliminate  some green, 
red and especially blue gems but  rarely helpful in a 
positive ID. See resources for tables of Chelsea filter 
reactions. Here is a listing of some useful separations: 

For green stones: 
Lab created emeralds will usually be a more intense 
red than natural emeralds. 
Most green tourmaline is inert but chrome tourmaline 
will show red and 10X the value. 
Natural green sapphire will appear green. Synthetic 
green sapphire will appear red. 

Nickel colored chrysoprase will exhibit green. 

Chrome colored chrysoprase will show red. 

For red stones: 

Natural ruby shows medium red. Synthetic - strong red. 

For blue stones: 

Synthetic  dark  blue  spinel  appears  red. Blue 

sapphire appears very dark, almost black. 

Light blue synthetic spinel appears orange. All 

aquamarine appears green. 

Light and medium blue topaz appears yellow. 

Aquamarine shows green. 

Spectroscope: Many gems have a diagnostic spectrum. 
When present, this eliminates all other possible 
identifications. If we see no absorption spectrum, we 
can eliminate the entire list of stones that will always 
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show diagnostic absorption patterns. Tip: You don’t 
need to note the color or frequency of absorption lines, 
bands or cutoffs. Just learn to recognize the patterns of 
the various diagnostic spectra. 
 
These gems always display a diagnostic absorption 
spectrum in the color noted. 
 

Almandite, dark color Almandite-
rhodolite, light color Demantoid, 
yellowish-green Demantoid, very 
rich green Apatite, colorless 
Emerald, synthetic and natural 
Chalcedony, dyed green Alexandrite, 
good color change Chrysoberyl, intense 
yellow-green Chrysoberyl, pale yellow 
Corundum— ruby, synthetic ruby, purple 
sapphire, and dark padparadscha Corundum—dark 
blue, green, Australian yellow sapphire 
Enstatite, green Gahnite 
Idocrase, var. Californite Jadeite, 
medium chrome green 
Peridot, large or very dark-colored stones 
Spessartite, light orange 
Spinel, dark blue stones including gahnospinel 
Spinel, synthetic dark blue 
Willemite 
YAG, intense green YAG, 
light bluish-green 
Zircon from several sources 
Zoisite, yellow 

 
Short/long wave UV light: Useful for displaying UV light 
reactions. Usually after using one, two or all three of our 
test instruments, we will have a positive identification. 
But if we’re still not sure, reaction to short or long-wave 
UV light may eliminate some options or confirm our 
identification. 
 
UV light reactions may be helpful for the following: 
Separating natural chromium colored gemstones from 
Synthetics. Separating  synthetic  spinel from 
gemstones  it  simulates. Can  also  be  used to 
separate ruby from red garnets. 

Hardness 
Hardness is one more test may sometimes  be helpful. 

We won’t test for hardness on cut stones but we can 
do so with rough. You can make a set of hardness 
points by imbedding a fragment of these stones in a 
wooden dowel: apatite-5, labradorite-6, quartz-7, 
topaz-8, CZ-8.5, corundum-9. Start your scratch tests 
with the lowest hardness point. Continue your 
attempt to scratch the unknown with the next 
hardness point until you get a scratch mark on your 
unknown. Your hardness will be at or near the last 
hardness point that did not scratch your unknown. 
If still unsure of the identity of our unknown, or when 
identifying colorless gems, we’ll need use of the more 
expensive, less portable gem lab instruments—the 
refractometer, polariscope, specific gravity scale, and 
the microscope. 
 
So how much might a pocket gem lab cost? 
 
10X Loupe. 21 mm Hastings Triplet--$20 (Approx,) 
West Coast Findings, Willamette Building 
 
Chelsea Filter - $39 Available from mineralab.com 
 
Calcite Dichroscope - $69 Available from 
mineralab.com 
 
Spectroscope, diffraction grating - $69.95 Available 
from  cigem.ca  (I’d  recommend  the  package for 
$79.95 as it includes a high power LED, gem tweezers, 
and a color panel of selected spectra.) 
 
Total cost - $197.95 or you may find less expensive 
tools on the internet. 
 
Optional but recommended: 
 
SW/LW UV light — MiniUV Lamp SKU UV-4   $89. (Be 
sure to specify SW/LW.) Mineralab.com 
 
Comprehensive Resource material 
recommendations 
 
Arem, Joel. Color Encyclopedia of Gemstones - $ FREE. 
Downloadable in PDF. Joelarem.com Comprehensive  
coverage  of  facetable  gemstones. 344 Colored 
gemstone pictures. Unfortunately, no pictures of 
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absorption spectra. Why you need it. FREE! Covers 
every facetable gemstone known  up to 1987. 
 
Handbook of Gemmology, 2nd ed., $54.95 - 
Incredible price for a comprehensive gemology 
textbook in e-format. 654 pages, 700 color 
illustrations. Why do you need it? All the up-to-date 
info you might ever need for gemstone identification 
and making best use of gemology tools. Replaces 
Liddicoat, Handbook of Gem Identification (now  out of 
print.) 
 
Gem Reference Guide. Published by GIA for the 
Colored Stones Courses. Best price - $75 on 
Amazon.com. Why might you want it? Has realistic 
color pictures and complete gemstone data in larger 
print on 2 - 5 pages for each entry.  You won’t  have to 
look in several places for all the information you 
might need. For each entry all the tests are listed 
that can be used for key separations. 
 
Other Useful resource recommendations 
Matlins & Bonnano, Gem Identification Made Easy, 5th 
ed. $38 and up on Amazon.com. However 4th ed. It is 
$29 from mineralab.com. Best lay person’s resource for 
learning to use the gem ID tools and identify rough 
and cut gems. Why might you want it? It gives you all 
you need to know in non-technical language. 
 

Winter,  OPL,  A  Students’  Guide  to  Spectroscopy. 
$18. Gia.edu. Covers best techniques for using the 
spectroscope. Organizes spectra by coloring element(s). 
Why might you want it? Best book to date on how to 
make the most of your spectroscope. 
 

Hanneman. Guide to Affordable Gemology, 2nd   ed. 
$35, mineralab.com. Gemology for the budget 
conscious. Why might you want it? Covers all the gem 
ID tools you can make with supplies from the local 
hardware store. Also covers some of the lesser used 
gem ID techniques. The curious, the handy and the 
budget-conscious will find this a fascinating book. 
 

Schuman. Gemstones of the World, 5th ed., $8 to 
$16 on Amazon.com. Gemstone data book with colored 
pictures. Most entries on two pages. Why might you 

want it? Great book for the budget conscious. Good 
starter book for getting acquainted with gemstones. A 
wallet-painless way to explore whether getting into 
gemstone ID is your thing. 
 
Tip: Bookfinder.com will call up book prices for all the 
major internet sellers. 
 
Hopefully this has made some sense for you of 
Gemstone Identification? I also hope this has 
energized a few of you to further explore the world of 
Gemstone ID. I’ve had a lot of fun doing this. I look 
forward to more good times using these tools that 
you can just stick in your pocket as an I.D. kit when you 
go to buy rough or gems. 
 
Questions 
Q: What’s the difference between a “Chelsea filter” and 
a “Jade Filter?” I’ve seen them on the internet. Some 
people have bought one and complained that they got 
the wrong thing. 
A: A Jade filter has a colored filter that will help identify 
jade that’s been dyed, if I remember right. A Chelsea 
filter is a combination of a yellow-green filter and a red 
filter, so that all of the light is filtered out. 
 
Q: I know that you’re talking about small, more portable 
and affordable things, but when you go to shows, I’ve 
seen you use your  microscope.  What sort of things do 
you find with a microscope? 
A: A microscope is more useful for identifying some of 
the characteristic inclusions that might be in a particular 
gem. Most of them have three-phase inclusions that 
would help you identify the source of the mineral. 
Probably the major use for a microscope is looking to 
separate lab-created stones from natural stones. Any 
stone that  is  too perfect, too large or too cheap is 
probably lab-created using the Czochralski or “pulled” 
method. 
 
Hydrothermal stones, except for the quartz family, 
have characteristic lines in them as a result of the 
twinning that happens inside the crystal. If you look at 
a hydrothermal emerald you’ll be able to see that it is 
lab-created and hydrothermal by this characteristic. It 
usually takes 30 - 60 power magnification to be 
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able to see the features for separating synthetic from 
natural stones. 
 
Q: Could you also apply that answer to a 
refractometer? 
A: The refractometer is a very valuable tool. Of all of 
the tools that gemologists might have on their bench, 
the two that will provide the most illuminations are the 
refractometer and the specific gravity scale. The 
specific gravity apparatus that is available from 
mineralab.com is very inexpensive. If you have a scale 
that will accommodate it that has to .01 carat 
accuracy, you can do very accurate specific gravities 
(S.G.). Those two tools will separate out the most 
gemstones. Frequently, if you look at a stone and it 
has characteristic color and you get a refractive index 
reading (R.I.), more than likely that’s the stone and 
you can have an close identification. Of  course, there 
are overlapping indices of more than one gemstone. 
 
Q. And the refractometer is a little harder for most of 
us to learn to use? 
A. I would say that the spectrascope is a little more of a 
challenge to get real good at then a refractometer. The 
refractometer can be used very simply just to get a 
single refractive index reading. But if you rotate the 
gemstone around-a gemstone in any other family of 
the crystal systems besides cubic, you’re going to get 
2 or 3 refractive index readings. In some of the stones 
you’re not going to get a different reading as you 
rotate the stone. The other refractive index reading is 
going to go a little either below or above it and move, 
and then the ones that tend to display 2 or 3 colors - 
the monoclinic and triclinic stones - you’ll get a 
refractive index in the middle that’s steady and then 
the upper and the lower ones that vary and then you 
have a positive and a negative sign that you can assign 
according to which one of them moves the farthest 
away from the stone’s center refractive index reading. 
It can be a very simple tool or a very complex one. 
 
Q: You said that you use a 30 to 60 power 
microscope. Can you use a loupe that’s 30 power to 
help you identify a stone? 
A: If you have a 30 power magnifier, you should be 
able to see some of the features that are not visible 

under a lower power. 
 
Q. When you’re using these tools, do you need to have 
a shiny, flat surface on your rough like you would on a 
faceted gem, or can you just use it on a rough gem? 
A: If you have a stone that you want to get a refractive 
index on, you need a flat, polished surface. You can 
get a refractive index on a piece of rough that way. 
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SAPPHIRES 
By Chuck McCoy 

Edited by Howard Bromley 
 

Did you know that some of the rarest, most beautiful sapphires in the word are found here in the USA, 
in the Treasure State of Montana? 
 
Well at the end of May this year (2015) my wife and I left for Bozeman, MT. We were on a mission to 
bring all of the kitchen items from our motor home that we sold a few years ago to our granddaughter. 
She is from Chicago but selected Montana State University to study nursing. She had completed her 
first year and with two other girls had rented a townhouse so they can establish residency to lower the 
cost of tuition.  
 
You may be able to find sapphires in many locations in Montana, but there are three major areas that 
alluvial deposits can be found:  
 

The Missouri River near Helena, Rock Creek in the Sapphire Mountains near Phillipsburg,  
Dry Cottonwood near Deer Creek Lodge.  
And there is also hard rock mining of the famous Yogo Sapphire in the Yogo Gulch.  

 
Before leaving I did some research on the internet. There are several sapphire bars that are found 
along the Missouri River: Spokane Bar, Dana Bar and the El Dorado bar. One article stated that these 
bars yield the largest size sapphires for Montana. The article went on to state that the Rock Creek 
sapphires are found in abundance and come in a multitude of colors, but are smaller in size than the 
Missouri River ones and are rounder. Dry Cottonwood sapphires are very similar in nature to the 
sapphires from Rock Creek. 
 
With my search of the web I found that there are three locations that you can fee mine for sapphires 
in Montana. 
  

Gem Valley, Livingston, MT, www.gemvalley.com  
Spokane Bar Sapphire Mine, Helena, MT, www.sapphiremine.com  
Philipsburg, MT with 4 locations.  

 
On our way to Bozeman we took a side trip to see the Gem Valley Shop. We didn’t do any mining but 
did talk to the very pleasant owners and while we were there a couple had just finished their day of 
mining and were very happy with their finds. We choose to go to Phillipsburg and visit the Gem 
Mountain Store, www.gemmountainmt.com. They also have a location of another mine on Rock 
Creek about 16 miles from town. I choose Gem Mountain because I knew that they were capable of 
heat treating on site.  
 
There are also two other locations in Philipsburg that you can purchase sapphire gravel and use their 
equipment to find sapphires. They are Montana Gems of Philipsburg www.montanagems.net and 
Sapphire Gallery www.sapphiregallery.com. 

 

 

 

http://www.gemvalley.com
http://www.sapphiremine.com
http://www.gemmountainmt.com
http://www.montanagems.net
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In taking this picture the Montana Gems on Philipsburg was at my back or across the street from Gem Mountain. 

My wife and granddaughter going through the gravel looking for sapphires. I purchased their lucky seven buckets 

and The Mega Jar. It was only 9 AM and I wanted the three of us to be occupied until lunch. Well, when we had 

finished we were tired of standing and bent over but we found a lot of sapphires, most maybe 90% fish tank gravel 

but about fifteen facetable stones. I separated them into 1 to 2 ct, and 2 ct and larger groups. The 2 ct and larger 

group totaled 21.9 ct with seven stones and ranged from 2.46 to 4.27 ct. I left the seven larger stones with Gem 

Mountain to be heat treated. It took two months to receive them. The six stones smaller than 2 ct I cut during the 

wait. They are pictured on the next page. 
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When I got the seven heat treated I was very pleased. Six are a nice medium blue and one orange. You 

can see in the picture below they also have nice shapes. 

 

In the cutting of the 7 above stones I got 5 gems, one had too many inclusions and one shifted and then 

came off of the dop. It was only 3.5 mm, the light blue third from the left. I was on the crown and didn’t feel 

it was worth re-dopping.  

 

I’m not a good photographer, all but the square cut are a lot brighter than in the picture. 
 
I paid a total of $410 to Gem Mountain for the 7 buckets of gravel and one Mega Jar. I entered the 10 
gems into gemval and found that just the orange one had a value of $443.66. The total value for the 10 in 
gemval states $5,224.25. I have sold a few gems to offset this very expensive hobby but never a 
sapphire, but it is nice to know that I spent an enjoyable day with my family and got a return valued $4814 
more than I paid. 
 
Next time you are on vacation and near Montana visit one of this locations and go through the gravel and 
know when you cut your finds you have cut a fine USA gem. 
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Photographing Faceted Gemstones 
Ed. John Broadfoot 
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At times photographing gemstones has to be more frustrating than cutting them. A Warragul Group member, Ed Allison, has 
been getting some excellent tuition from a professional photographer. A good camera with a macro lens is essential. The 
camera must have a manual mode so that you can adjust white balance, set aperture and shutter speed. Here is a sample of 
photographs Ed has taken using his Canon EOS550D with a 100mm macro lens on a TRIPOD! Exposure settings: 100 ISO, f-14, 
1/8 sec. A light box is used with white side lighting. 

Previous page: 
Top - left and centre: Natural pink tourmaline (rubellite) from Madagascar - Deep Fushia Pink - 2.15 ct. Cut is Mixed 
Rectangular with Chevron Pavilion and Scissor Crown (original design Alec Wolkonsky); Centre top is a side view of same 
stone. (Photographs and cutting: John Broadfoot). 
 
Right top and centre: Natural Tanzanite with noticeable colour change due to chromium content - exhibits red, mauve, 
lilac, green in different lighting. Top photograph is in artificial light (fluoro) and lower on is in incandescent (daylight). 
Weight is 5.15 ct. Cut is Square Barion Cushion with Staggered Mains (p. 15). (Photographs and cutting: John    Broadfoot) 
 
Left centre: 7.15 ct Parti-sapphire from Central Qld Gemfields. Rectanglar Cushion 1.30X1 (p.20). Story p. 35. (Photo and 
cutting: John Broadfoot). 
 
Left (second from bottom):  What are these?  (Some type of loupe belonging to Sid O’Dell) 
 
Bottom row from left:  Frosted horse design; Cut for a Cause - Heart with Ribbon (p.12); (Photos: R. Boddington); 
Aquamarine crystal (21g) from Mt Surprise and a 100g piece of facet grade Goshenite from Central Australia - courtesy 
Joe Gisa. (Photo: JB) 
 
Centre:   Brown honeyeater in editor’s garden -   corkwood tree flowers attract honeyeaters, parrots and butterflies; 
Xmas lights at JBs! 

 

The World’s Most Valuable Gem Has Been Discovered And It’s Called The “Virgin Rainbow” 
From http://www.jewsnews.co.il/2015/08/24/the-worlds-most-valuable-gem-has-been-discovered-and-its-called-the-virgin-rainbow/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
It seems like no matter what period of history you live in, human beings have had an obsession with shiny stuff. We wear it on 
our bodies, sometimes forcibly insert them into our skin, and revere them. 
 
Recently in South Australia, a rare opal was unearthed that is one of the most delightful objects we’ve ever seen. 
 
This stone is worth more than a million dollars for its dazzling palette of colors and its ability to refract light. Like all other 
opals, it’s comprised from silica and water and was formed millions of years ago from the opalized fossils of marine dinosaurs.  

http://www.jewsnews.co.il/2015/08/24/the-worlds-most-valuable-gem-has-been-discovered-and-its-called-the-virgin-rainbow/
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Editor’s Note: For my final Newsletter, I decided to publish one of my own designs. Of course, this has a story attached to it. My sister, 

Lisa, was about to celebrate her 50th birthday, and she asked me if I would cut her favorite gemstone, amethyst, her birthstone. I sent her 

hundreds of designs, but she didn’t like any of the “usual ones” and asked me to design a special one just for her. As I was about to start 

cutting the design I had made in GemCad (the one above is not the original by far), I received a package from my sister. She had sent me a 

large piece of amethyst to cut. Sadly, it was a very pathetic stone with lots of dark inclusions. I called her and informed her of this, but she 

asked me to cut it anyway. Long story short, I made design changes “on the fly” to cut around inclusions and ended up with the design 

above. Since it was such an ordeal, a true journey, I named it after my sister. Her initials are LKH, thus Lisa’s Karma Hike. (It was more of a 

hike for me than for her!) Needless to say, she loves it, and had it placed into a bracelet that she wears daily. So, even a piece of included 

gemstone can turn into something beautiful and endearing. 
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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 booth at 
JOGS during the Tucson Show. 
           http://www.color-wright.com 

 rk4@color-wright.com 
 877-548-1439 (toll-free) 

 
 
Marsh Howard: The “LL” Lightning 
Lap™ and the NEW D’Lite™ 
Lapidary solutions for the 21st Century 

 http://www.Lightninglap.com  
http://www.MagDop.com 

 facetor98@yahoo.com 
 423-396-9793 

 
John Franke: Facet Shoppe 
Since 1990, we have promoted the art 
of gem cutting by offering information, 
rough & cut gemstones, lapidary 
equipment & supplies for faceters of all 
skill levels. Write or call for free price 
list. 

 http://www.gemcutter.com 
 facet@gemcutter.com 
 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. 
       http:/www.gemartservices.com   
                 info@gemartservices.com 

 760-770-6599 
 
John Kilian: The Kilian Collection 
Faceted gemstones, gem rough and 
crystalized mineral specimens. The web 
site is being revised and currently 
unavailable. 
      Modification in process 
           john331@comcast.net 
      206-963-9065 • 520-229-3209 
 
 
CJP Gems 
Natural and synthetic faceting and 
cabbing rough and lapidary equipment. 

 http://www.cjpgems.com 
     cjprice5052@yahoo.com 

 330-878-7295 
 

Glenn Klein, G.G. Author, Historian, 
Competition Faceter 
To learn the history of Faceting, and 
what equipment and methods were 
used through the centuries check my 
website, “Faceting History: Cutting 
Diamonds & Colored Stones,” and my 
brand new book, “Evolution of 
Faceting Machines, (Centuries ago to 
present day) which has information 
and lots of pictures of various 
faceting machines that have come 
about, especially in the past 75 years. 
“LUCK & TIMING” (Risky flying 
experiences) 

 http://www.glennklein.com 
 glennklein@yahoo.com 

 
Devon McRorie 
Visit Prettyrock.com for faceting 
rough, SG Kits,  Gem  identification 
Tutorials, Ultra-Tec accessories and 
Lapidary Supplies. Get listed in our 
free Faceters Gallery! 

 http://www.prettyrock.com 
 service@prettyrock.com 

 704-641-9107 
 
 
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 as well as 
information about his BATT Lap. There 
are links to other gem cutting sites and 
organizations. 
  http://www.gearloose.com        
         battpage@battlap.com 
 
L. Bruce Jones, G.G., F.G.A., D. Gem.G: 
Gemscientist 
Gem research work and electron micro-
p robe quantitative chemical analysis 
and inclusion identification. Raman 
confocal microscopy and x-ray 
diffractometry studies. Free gem IDs on 
colored stones for USFG Members. 
Currently authoring book on gem 
instruments. 
        http://ww.gemscientist.com 

 bruce@gemscientist.com 
 +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 
gemology and faceting. 

 http://www.mysticrystals.com 
 sales@mysticrystals.com 
 336-595-3870 

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

 JohnWright@gemsbyjohn.com 
 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. If 
sent as a CD by surface mail the price 
is $55. Pay by check, cash, or money 
order. Free on line assistance will be 
available for registered buyers. 

 dmhpah@cox.net 

 

Please note that advertisements 
throughout the issue are 
provided for your information 
only, and do not represent an 
endorsement by the USFG. 

 
 

Charlie Moon 
 cmoon822@gmail.com 

 

 

http://www.color-wright.com/
mailto:rk2@color-wright.com
http://www.lightninglap.com/
http://www.magdop.com/
http://www.magdop.com/
mailto:facetor98@yahoo.com
http://www.gemcutter.com/
mailto:facet@gemcutter.com
http://www.gemartservices.com/
mailto:info@gemartservices.com
mailto:john331@comcast.net
http://www.cjpgems.com/
mailto:cjprice5052@yahoo.com
http://www.glennklein.com/
mailto:glennklein@yahoo.com
http://www.prettyrock.com/
mailto:service@prettyrock.com
http://www.gearloose.com/
mailto:battpage@battlap.com
http://www.gemscientist.com/
mailto:bruce@gemscientist.com
http://www.mysticrystals.com/
mailto:sales@mysticrystals.com
http://www.gemsbyjohn.com/
mailto:JohnWright@gemsbyjohn.com
mailto:dmhpah@cox.net
mailto:cmoon822@gmail.com
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Glenn Klein  Ralph 
Richard Golden 

 
Charles Moon  Jean Marr  
Don Dunn   
Dr. Vincent Bishop Juris Peterson 
Cal Thomas  Austin McThorn Everett G. Brake 
Jenny Clark  Jerry Newman  

 
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 Faceters 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. 
 

 
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: 
editor@usfacetersguild.org. 
 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 quarterly newsletter publication date, i.e. 
February 20, May 20, August 20 and November 20. 

 
 

Will Smith, President 
Tom Maxwell, Vice President, 
Sue Lichtenberger, Secretary 
&Treasurer 
Howard Bromley, Editor 
 

 
Arya Akhavan 
Jenny Clark  
Ernie Hawes 
Dan Lynch 
Tom Mitchell 
 

 
Lorne Grossman 
Michiko Huynh 
L. Bruce Jones 
Charles Moon 
Paul Newman 
Jeff White 
 

 
Jenny Clark, Membership (acting)  
Dan Linder, Webmaster 
Mark Oros, Assistant Editor 

 
 

Jenny Clark, Membership (acting)  

mailto:editor@usfacetersguild.org
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USFG MEMBERSHIP APPLICATION 

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 U.S. and internationally. Officers are elected every
two years for two year terms, taking place in even years. Members will receive our
Quarterly Newsletter — usually about 50 pages each, and the right to participate in
USFG activities. The By-Laws of the USFG may be reviewed at our website:  

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

PO Box 424 
La Conner, WA  98257

 

Newsletter Delivery Format: Downloadable via our 
website in Adobe Portable Document (PDF) format  

http://www.usfacetersguild.org/news.shtml 

March — June — September — December 

Email notification will be sent to current members 

with the password to open the document 

Email for the Editor: editor@usfacetersguild.org 

http://www.usfacetersguild.org/docs/USFGbylaws.pdf
mailto:treasurer@usfacetersguild.org
mailto:membership@usfacetersguild.org
http://www.usfacetersguild.org/news.shtml
mailto:editor@usfacetersguild.org

