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Congratulations ! 
H undreds of readers participated in the fourth Gems d Gemology Challenge! which appeared 

in the Spring 1990 issue. An integral part of the GIA Continuing Education program, the 
Gems ed Gen~ology Challenge is designed to encourage the professional gemologist to stay up-to- 
date in this rapidly changing field. Those who passed the Challenge with a score of 75% or 
better received a GIA Continuing Education Certificate recognizing their accomplishment. We 
are especially proud to list below those respondents who received a perfect score (100%). 

Virginia Lee Adams, Orleans, MA; Ellamae Anderson, Spokane, WA; Jan L. Arnold, Santa Monica, CA; Viclzie 
Louise Ashmead, St. Petersburg, FL; Willian~ W. Bartlett, Kaneohe, HI; Linda Anne Bateley, Tenterden! Kent, 
England; H. W. Beaty, Spolzane, WA; Barry S. Belenlze) Miami, FL; Rebecca Ann Bell, Joshua Tree! CA; Gary 
Bergstein, Richmond Hilll Ont., Canada; Raymond Brenner, Youngstown, OHj Laura M. Britz, Morrow, GA; 
Michael A. Broihahn, Penlbroke Pines, FL; Marika E. Buchberger, Garfield, NJ; Gloria Bumb, San Jose, 
CA; Kathleen V Caldier, Sciotoville, OH; Margaret C. Canganelli, Norfollz, NE; Terry E. Carter, Higl~lands, 
NC; Danielle Chabot, St, David, Que., Canada; V Christensen-Garcia, Kihei, HI; Alice J. Christianson, St. 
Catharines, Ont., Canada; Yvette I. Clevish, Missoula, MT; Earnest D. Cook, Norfollz, NE; Conilie Bracishaw 
Copeland, Abilene, TX; Patricia Corbett, Toronto, Ont., Canada; Mitzi McKool Dafoe, Dallas, TX; Eva M. 
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Cornville, AZ; Leslie A, Evans, Carrollton, TX; Michael T Evans, Huntington Beach, CA; Lise Faucher, 
Drummondville, Que., Canada; William W Fleischn~anil, Seaford, NY; Cynthia M. Flood, Houghton, MI; Diane 
Flora! San Diego, CA; Shirley A. Forster, Gresham, OR; Betty Lu Frost, Longmont, CO; John R. Fuhrbach) 
Amarillo, TX; Stephen F. Gallant, Orleails, MA; Laura J. Gantzer, Portage, MI; Amaya Garin, Madrid! Spain; 
Patty Gaspa;i-Bridges, Princeton, NJ; Raymond Girouxl Dollard Des Orineaux, Que., Canada; E, D. Gold, Henlet, 
CA; phy1li9 M. Gunn, Spokane, WA; Manoj B. Gupta, Bombay, Inclia; Jeffrey Paul Gureclzy, Waterville, 
OH; Stkphen H. Hall, Kennewick, WA; Betty Michiko Harada, Hoi~olulu, HI; Edward Irving Hatch, Sail Diego, 
CA; Hayo W. Heclzn~an~ The Hague) Holland; John E. Heldridge, Edmonds, WA; Harold E. Holzer, Cape Coral, FL; 
Alan R. H ~ w a r t h ,  Braintree, MA; Myron A. Huebler, Rio Rancho, NM; R. Fred Ingram, Tampa, FL; Toni 
Lisa Johnson, Fort Worth, TX; Arlene A. Jones, Santa Monica, CA; Bogacz Josef, Idar Oberstein, Gerillany; Neil 
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Wilmington, DE; Warner J, May, Ozark, AL; Janusz J. Meier, Calgary, Alb,, Canada; Eva Mettler, Zurich, 
Switzerland; Christine Coolz Nettesheinl, Washington, DC; Harold A. Oates, Glen Ellyn1 IL; J. Andrew 
Ontko Jr., Oklahoma City, OK; Mark Osborn! Bothell, WA; Fabrizio Paccara, Terni, Italy; Joseph Payne) 
Greenville, NC; Roberta Peach, Calgary, Alb., Canada; Ron Plessis, Aldergrove, B.C.) Canada; Patricia A. Reed, 
Enola) PA; Kay Reichel, Springfield, MO; Karl E. Repass! Lexington, KY; Nancy N.  Richardson, Guilford, CT; 
Michael W. Rinehart, Walnut Creelz, CA; Charles L. Rose, Memphis, TN;  Donald G, Rosenstiel, Mobile, 
AL; Diane H. Saito, Santa Monica, CA; David M. Sallzin, Freehold, NJ; Jack Schatzley, Toledo! OH; Henry 
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Answers (see pp. 113 and 114 of the Spring 1990 issue for the questions) are as follows: (1) D, (2) B, (31 D, (41 B, 
(51A,(61D,~71B1~~1C,19)A, (lOlC,(l~~B,(l2l~,(l3lC,[l4lC,(l5lC,(lGlB,(l7~A,(l8lC,(l~lB,~~OlA,~2llB, 
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MAJORICA IMITATION PEARLS 
By T~zne H a n a n o ,  Mary W i l d m a n ,  and Philip G. Yurkiewicz 

Pearls are one of the most  popular gem 
materials,  but  on ly  i n  the past {ew de- 
cades has technology advanced t o  the  
point  tha t  good-qual i ty  im i ta t ions  cou ld  
be mode,  T h e  Ma jo r i ca  S.A. product  i s  re- 
m u r k a b l y  s im i la r  i n  appearance t o  salt-  
water cu l iured pearls. These im i tc~ t ions ,  
often set i n  hig11-lwrat go ld 111 contempor- 
a r y  styles, are sold t h r o ~ ~ g h o u t  the wor ld .  
T h i s  ar t ic le  discusses the  h is tory  of t h e  
Ma jo r i ca  i m i t a t i o n  pearl, the  manufactur- 
i ng  and  market ing processes, and  the sep- 
arat ion of the Major ica product  f r o m  11s 
cu l tured counterparts, 

ABOUT THE AUTHORS 

Ms. Hanano is supervisor of instructor lraining, 
Ms, Wildman js general manager of residence 
gemology, and Mr. Yurkiewicz is supervisor of ex- 
lension gemology, a1 the Gemological lnstilule of 
America, Santa Monica, California. 
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ful: Dona Djrlam, David Hargelt, Emmanuel 
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w it11 the increasing cost of cultured pearls and the 
astronomical cost of the rare natural pearlsl people 

have turned to imitations as an affordable alternative. The 
trademark fazzx pearls of U.S. First Lady Barbara Bush have 
also helped bring this fashion alternative to the attention of 
millions (Reilley 19901. Among the many imitation pearls 
currently available! the Majorica product is perhaps the 
most widely marlzeted and meticulously manufactured 
imitation today. Their sales figures mirror the rise in 
interest by the general populacel with a 50% increase in 
total sales (to US$60 million) from 1986 to 1989. The 
Majorica imitation pearls closely resemble cultured pearls 
(figure 1)) although they are produced in an entirely 
different manner. 

In the fall of 1989! the authors visited the headquarters 
of Majorica S.A. in Barcelona and their prod~~ction plant on 
the island of Majorcat off the eastern coast of Spain. 
Through interviews with a number of senior executives! 
including Director General Jaime Peribanez and Executive 
Vice-president Luis Bonell and a rare behind-the-scenes 
loolz at the actual production process, we obtained a 
comprehensive picture of the Majorica imitation pearl. 
This article reviews the history of the matcirial and the 
manufacturing process usedl describes the different prod- 
ucts available and how they are marketed, and examines 
the separation of the Majorica imitation from saltwater 
cultured pearls. 

HISTORICAL PERSPECTIVE 
The story of Majorica pearls begins in 18901 when German 
immigrant Eduardo Hugo Heusch established a small 
factory in the Spanish city of Barcelona (J. Peribaiiez, pers. 
comm., 19891. There he manufactured sewing notions 
such as needles, claspsl zippers, and imitation pearl but- 
tons. In the early 1900s, he started to produce imitation 
pearls for use in jewelry. These early imitations were 
essentially glass beads coated with man-made resins. With 
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Figure 1 .  Majorica S.A. 
manufactures imitation 

pearls that closely 
resemble cultured pearls. 

These 6 - m m  imitations 
are from their line of 

"Lady Di" jewelry. 
Courtesy of Majorica 

S.A.; photo by  
Shane McClure. 

time, the operation advanced and expanded con- 
siderably. 

In 1920, the Heusch family moved the factory 
to Majorca, the largest of the Balearic Islands, 
located approximately 180 lzm southeast of Bar- 
celona in the Mediterranean Sea. Majorca was 
chosen in part because its geographic isolation left 
it  relatively free from the political and social 
unrest that plagued Spain at the time, but also 
because it was the home of fine lace makers, whose 
dexterity would become valuable for stringing the 
beads. 

In 1939, at the end of the Spanish civil war, the 
managers of the Heusch operation gathered to 

discuss the creation of a special imitation pearl 
that truly duplicated the appearance of the natural 
material. By 1951, 12 years after the decision was 
made to produce a more natural-appearing prod- 
uct, research finally produced the imitation pearl 
that is now marketed as Majorica. 

Before 1939, all of the Heusch family's imita- 
tion pearls had been sold simply as "Spanish 
pearls." For the new product, however, the name 
Majorica was chosen. Ma'jorica comes from the old 
Roman spelling for the island now known as 
Majorca or, in Spanish, Mallorca. It was trade- 
marked in Spain in 1950 and worldwide in 1961, 
for use exclusively by the Heusch company for 
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their imitation pearls. The only exception to 
worldwide trademarking is Brazil, which does not 
allow the importation of man-made pearl imita- 
tions (J. Peribaiiez, pers. comm., 1989). 

Today, Majorica S.A. struggles to maintain its 
established trademarked name. Other imitation- 
pearl producers on the island sell their products as 
"Majorca Pearls" after the current spelling. The 
very subtle differences in spellings may lead to 
consumer confusion. 

PRODUCTION 
Two components make up the imitation pearl 
produced by Majorica S.A.: a translucent to 
opaque, white bead nucleus (figure 2) and a special 
iridescent coating. The material used to form the 
nucleus is imported from Belgium; the Majorica 
people refer to it as "opalene" (L. Bonel, pers. 
comm., 1989). When examined with magnification 
in transmitted light, a sample of uncoated nucleus 
showed gas bubbles and swirl striations (figure 3). 
These visual characteristics and the spot refrac- 
tive index of 1.52 are typical of glass. To confirm 
the nature of this material, we asked Robert Kane 
of the GIA Gem Trade Laboratory to perform an 
X-ray powder diffraction analysis. Using a dia- 
mond scraper, he removed a minute amount of 
powder from a sample nucleus. The X-ray diffrac- 
tion pattern produced showed no evidence of a 
crystalline structure. This proves that the mate- 

Figure 2. The Majorica imitation pearls typic- 
ally contain transparent to  opaque white nuclei 
similar to  those shown here. Referred to as 
"opalene" b y  Majorica S.A., the material used 
t o  form these nuclei i s  actually a lead-based 
glass. Photo b y  Robert Weldon. 

Figure 3. Examination of one of the Majorica 
bead nuclei wi th  1 0 ~  magnification revealed 
the  swirl striations and gas bubbles that  are 
typical of a glass. Photomicrograph b y  
John I. Koivula. 

rial is amorphous, and probably a glass. Subsequent 
energy dispersive X-ray fluorescence (EDXRF) 
analysis of this same material by Sam Muhlmeis- 
ter and Dr. Emmanuel Fritsch of the GIA Research 
Department established that the nucleus material 
is a lead silicate. 

The nuclei are produced in one of two ways, 
depending on the size and shape desired. Currently, 
all spherical nuclei larger than 9 mm and all pear- 
shaped nuclei are still manufactured entirely by 
hand (figure 4). Specially trained technicians work 
long, narrow glass rods under a stationary hot 
flame until the end of the rod melts into a ball onto 
a rotated metal wire. During the authors' visit to 
the factories, there were only two women with the 
skill to produce these nuclei manually. For the 
smaller round nuclei, automation has replaced 
what once required the efforts of as many as 240 
workers. Special machinery designed by in-house 
engineers allows the material to be melted in the 
form of a ball onto the metal wire. The wire 
remains either partially embedded for post m u n t -  
ing or passed completely through the nucleus for 
stringing. The finished beads are checked for 
roundness (figure 5), and those that don't meet 
quality standards are removed and reserved for use 
in lesser-grade imitations (E. Blauer, 1985). Last, 
the beads are placed in an acid bath to dissolve the 
metal wire and then are passed through sieves that 
sort them into size categories with a tolerance of 
0.2 mm (figure 6). 
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Figure 4. Although mos t  nuclei are produced b y  
Majolica's specialized machinery, those larger 
than 9 mm and those used t o  form pear-shaped 
beads are generally produced b y  hand.  Today 
there are only a few women wi th  the developed 
skill to  m a k e  the near-perfect glass beads. Here, 
the technician controls the  flame i n  one hand 
and manipulates the glass rod from which the 
nuclei ate"formed i n  the other. The  end o f  the  
rod i s  worked under the flame until i t  begins t o  
mel t  i n to  a sphere onto a rotating wire. Photo 
b y  June Hmano.  

The second component of the process is the 
coating of the nucleus with a material referred to 
by Majorica S.A. as "essence of orient" or "pearl 
essence," which is produced through an exclusive 
process developed by Majorica (J. Peribaiiez, pers. 
cornrn., 1989). The raw material used for the 
coating comes from scales taken from fish found in 
the Atlantic Ocean and concentrated around the 
Canary Islands. Majorica S.A. has developed spe- 
cial machinery that removes the necessary fish 
scales while leaving the fish in marketable condi- 
tion for the food industry. The gathered fish scales 
are sent to Barcelona, where the substance that 
causes the iridescence of the fish scales is removed. 
It is this substance that is mixed with coloring and 
binding agents to manufacture a form of "pearl 
essence" (figure 7). When this transparent to trans- 
lucent material is applied to the bead in consecu- 
tive layers, it produces the interference and diffrac- 
tion of light that causes the prismatic colors seen 
on these imitations. 

''Pearl essence" was discovered in the late 17th 
century by a French rosary maker named Jacquin, 

Figure 5. The  glass bead nuclei are rotated and 
inspected for ro~lndness. Rejected nuclei are 
marked and later used for a lower-grade imita-  
tion pearl that  Majorica S.A. markets  under a 
different trade name.  Photo b y  June Hanano. 

Figure 6.  After the nuclei pass inspection, each 
"strand" is placed in  an acid bath to  remove 
the wire 011 which they were originally formed. 
Then, as shown here, the loose beads are sorted 
through sieves that place them in to  size catego- 
ries with a tolerance o f  0.2 mm. Photo b y  
/line Hanano, 
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Figure 7. The iridiscent material ("pearl es- 
sence") used on the Majorica imitation pearl to 
simulate nacre is  formed b y  mixing the guanine 
extracted from fish scales with binding and col- 
oring agents. Photo by  June Hanano. 

Jacquin noticed that after his servant had scaled 
blealz fish [Albumus lzzcidus), the water contained 
iridescent reflections. Closer examination re- 
vealed that these reflections were produced by the 
dissolution of a fine thin film that covered the 
scales. Jacquin then filtered the water to recover 
the pearly substance and mixed i t  with a varnish 
(Taburiaux, 1985). Since then, i t  has been deter- 
mined that the iridescence is caused by minute 
crystals embedded in the skin covering the fish 
scales. These crystals are an organic waste mate- 
rial named guanine, which is closely allied to uric 
acid (Farn, 1986). Because approximately 2,000 
blealz are needed to produce one liter of essence, 
other fish such as shad, herring, and salmon have 
also been used. 

GIAs Research Department used a Nicolet 
60SX Fourier transform infrared (FTIR) spectrome- 
ter to analyze the coating material on one black 
and one white Majorica imitation pearl. Their data 
showed that in the near-infrared range, outside of 

the total absorption caused by the glass nucleus, 
there are a number of weak features consistent 
with a reference spectrum of guanine (C5H5NsO). 

In preparation for the coating process, the glass 
beads are placed on posts set in frames. The beads 
then undergo a number of consecutive dipping and 
drying steps (figure 8)) each of which is followed by 
cleaning and polishing with an increasingly finer 

Figure 8. The glass bead nuclei are placed on 
posts in  preparation for the coatings of  "pearl 
essence." They then undergo a series o f  dipping 
and drying steps, each followed b y  a cleaning 
and polishing. For the final coat, Majorica uses 
a special chemical that hardens the surface and 
protects the color from U.V. radiation. Although 
some beads are processed by hand, as shown 
here, most tire done by  automation. Photo by 
June Hanano. 

grade of brush. During the final production phase, 
a special chemical dipping - possibly cellulose 
acetate and cellulose nitrate (Read, 1986) - poly- 
merizes the organic material, hardens the surface, 
and protects i t  from chipping and ultraviolet radia- 
tion (which could cause discoloration). Majorica 
offers a 10-year guarantee against deterioration of 
their product. 

Because the dipping produces a tail-like accu- 
mulation of the coating, each bead is trimmed by 
hand with a razor to form a more perfect sphere 
(figure 9). However, some of the imitations exam- 
ined showed evidence that the final chemical 
dipping was done after the trimming: With magni- 
fication, a transparent layer could be seen covering 
the drill hole. Majorica claims that approximately 
25% of their total production of finished beads 
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Figure 9. Once the final coating i s  dry, the tail- 
l ike accumulation o f  pearl essence ( lef t )  is 
tr immed b y  hand. This ensures a more perfect 
sphere (right). Photo b y  Robert Weldon. 

does not pass quality standards and is destroyed (J. 
Peribaiiez, pers. comm., 1990). 

The finished imitation pearls are either 
mounted for use as earrings, pendants, pins, or 
rings, or are strung on a strand comprised of 80% 
silk and 20% rayon. The stringing work is farmed 
out to cottage laborers, who hand knot 2.5 million 
strands'p'er year (L. Bonel, pers. comm., 1989). 
Selected finished strands are then mounted on a 
special machine that literally "beats" them for 
several minutes to confirm their durability (figure 
10). Once a strand has passed quality control, it is 
tagged and numbered, then boxed in a distinctive 
red jewelry case for final distribution. 

Figure 10. As  a final step, selected strands of 
the finished Majoricci beads are subjected t o  
strenuous durability testing. Here, the strands 
are mounted on  a special machine that literally 
"beats" t hem against a rotating bar to  simulate 
years of wear. Photo b y  June Hanano. 

VISUAL APPEARANCE OF 
MAJORICA PEARLS 
Colors. The main colors that Majorica S.A. pro- 
duces are cream rose, white, black, and gray (figure 
11). The principal colors are based on the demands 
of three key markets: Europe (cream rose) and the 
United States (cream rose with white on the 

Figure 1 1 .  These strands of 8 - m m  
Majorica imitation pearls are typical 
o f  the four ma in  colors produced: 
white, cream rose, gray, and black. 
Photo b y  Robert Weldon. 
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increase); Japan (cream rose); and Scandinavia and 
Canada (white]. Cream rose represents 85% of 
Majorica's total production; white, gray and black 
represent the remaining 15%. White is the most 
expensive color to produce, because it is more 
difficult both to extract the guanine from the fish 
scales to produce white and then to apply the 
resulting "pearl essence" to the bead; the slightest 
contamination of the solution (e.g., dust) will also 
contaminate the color (L. Bonel, pers. comm., 
1989). 

pearls, her open fondness for larger pearls, and the 
increasing popularity of large South Seas cultured 
pearls. 

Shapes. Most Majorica pearls are round, but other 
shapes are also produced, including half spheres, 
heart shapes, pear shapes, and ovals. There are a 
limited number of baroque shapes as well. How- 
ever, because these shapes are more difficult to 
manufacture, they cannot compete monetarily 
with many of the cultured freshwater baroques. 

MARKETING 
In 1955, the Majorica imitations were virtually 
unknown outside of Spain. Today, the Majorica 
product is sold in 76 different countries. Coopera- 
tive advertising with major department stores in 
the U.S. and abroad has stimulated this interna- 
tional recognition. Currently, the largest market is 

Sizes. The Majorica imitations range from as small 
as 1 mm to as large as 22 mm. The 6-mm and 7-mm 
beads dominate the market, with 8 mm following 
closely behind (J. Peribanez, pers. comm, 1989). 
Demand for larger sizes ( l o +  mm)  is rapidly 
growing in the U.S. market. Majorica attributes 
this to First Lady Barbara Bush's use of imitation 

TABLE 1. Comparison of the gemological properties of saltwater cultured pearls and four different colors of Majorica 
imitation pearls.' 

Saltwater cultured Majorica Majorica Majorica Majorica 
pearl white gray cream ros6 black Test 

Refractive 
index (spot) 

1.53-1.68 
(birefringence blink) 

2.72-2.78 Specific gravity 
(hydrostatic) 

Hardness 2-3 
(coating) 

Opaque 

2-3 
(coating) 

2-3 
(coating) 

Opaque 

2-3 
(coating) 

Large nucleus, contrast 
between nucleus and 
nacre layer apparent 

Opaque Opaque 

X-ray 
fluorescence 
Fluorescence 
to U.V. radiation 

Short-wave 

Faint to medium 
greenish white 

Strong yellow None Strong yellow None 

None to faint 
medium greenish blue 
None to medium 
greenish blue 

Effervesces 

Weaker pink None 

None 

None 

Same 

Weak pink 

None 

None 

Same 

None 

None 

None 

Same 

Weak pink 

Hydrochloric acid 
(10% solution) 

None 

Magnification 
of drill hole 

Dark conchiolin layer 
between nacre and 
mother-of-pearl nucleus; 
sharp edges 

No dark separation 
layer; ragged edges 

Tooth test Gritty Smooth Smooth Smooth Smooth 

'Testing performed on several saltwater cultured pearls and a representative 8-mm Majonca bead from each color category by David 
Hargett, GIA Gem Trade Laboratory, Inc., New York. 
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Spain, followed by the U.S., France, and, sur- 
prisingly, Japan (L. Di Cristofano, pers. comm., 
1990). For 1989, Majorica S.A. reported total sales 
of imitation pearls at US$60 million. 

Distribution is controlled by 45 diversified 
distributors who sell to jewelry and department 
stores, as well as to airlines, duty-free shops, 
cruise-ship gift shops, military bases, and bou- 
tiques. Jewelry is produced only in direct response 
to orders received, all of which are processed 
through corporate headquarters in Barcelona. In- 
ventory is kept at a minimum. 

Majorica continues to expand their product 
line. Today, the company is trying to increase the 
appeal of their product by designing with 14K gold 
and colored stones for the U.S. market, and with 
I8K gold and diamond accents for the European 
market (A. Corbero, pers. comm., 1989). 

IDENTIFICATION 
Of paramount importance to the jeweler-gemolo- 
gist is the separation of the Majorica imitations 
from their costlier counterparts: saltwater cul- 
tured peat-Is. Although natural pearls are another 
possibilit$, they are extremely uncommon today 
and therefore were not included in this study. Most 
of the surface characteristics of natural pearls, 
however, overlap those of cultured pearls and so 
would provide similar identification clues. 

To establish standard means by which the two 
products could be separated, we submitted a repre- 
sentative bead from each of four 16-inch strands of 
Majorica pearls- one each of 8-mm white, cream 
rose, gray, and black beads (again, see figure I I )  - 
to standard gemological tests. We then compared 
our results to those gained on several saltwater 
cultured pearls of similar color and shape. The 
results are reported in table 1 and discussed below. 

To the untrained eye, Majorica imitation 
pearls look very much like saltwater cultured 
pearls (figure 12). An iridescence resembling the 
orient seen on some cultured pearls may also be 
observed on Majoricas. On cultured pearls, how- 
ever, this phenomenon more commonly occurs on 
irregular surfaces rather than smooth. On the 
Majorica imitations, obvious iridescence is often 
seen in conjunction with a smooth surface. The 
Majorica beads also have a very high luster which, 
in combination with the iridescence and on the 
smooth surface, provides visual indication that the 
bead is an imitation (figure 13). Note that the 

I 
Figure 12. To the untrained eye, Majorica 
imitation pearls m a y  be confused with cultured 
pearls. The larger beads are Majorica imita-  
tions; the t w o  smaller strands are cultured 
pearls. Photo by Shane McClure. 

process used to produce most other imitation 
pearls involves dipping or painting the beads with a 
resin; thus, these imitations lack the iridescence of 
the Majorica product and its cultured counterpart. 

Since visual observation is not always conclu- 
sive, gemological testing may be needed to sepa- 
rate the Majorica imitation from cultured pearls. 
We determined that four tests are conclusive in 
making this separation: refractive index, inagnifi- 
cation, X-radiography, and the tooth test. 

As table 1 indicates, the spot refractive index of 
the Majorica imitations is significantly lower than 
that of a cultured pearl. Also, the Majorica beads 
do not exhibit birefringence. 

Ten-power magnification of the drill hole also 
proved to be conclusive in making the separation. 
A cultured pearl shows the thin, often dark layer of 
conchiolin that separates the mother-of-pearl bead 
nucleus from the nacre, and the edges of the drill 
hole are sharp and well defined (figure 14). In 
contrast, there is no separation between the glass 
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Figure 13. The prismatic colors known as orient 
are most apparent on cultured pearls with 
irregular surfaces. However, Majorica imitation 
pearls often exhibit iridescence in combination 
with a relatively smooth surface. This 
uncommon combination (for cultured pearls) of 
obvious iridescence and a smooth surface 
provide visual indications that the bead is 
actua~lly a Majorica imitation. Photo by 
Robert Weldon. 

Figure 14. When examined with l o x  magnifi- 
cation, the drill hole o f  a cultured pearl shows 
the outer nacreous layer separated from the 
mother-of-pearl nucleus by the slightly darker 
layer of conchiolin. Note also that the edges of 
the hole are sharp and well defined. Photo- 
micrograph by John I. Koivula. 

nucleus and the coating of the Majorica imitation 
pearl, and the drill hole itself shows the ragged 
edges of the coating (figure 15). Higher magnifica- 
tion (50 x ) of the surface also revealed the recessed, 
step-like depressions on the nacre of a cultured 
pearl in contrast to the more pitted and dimpled 
texture of the Majorica imitation (figure 16). 

With X-radiography, the Majorica imitations 
appear almost opaque, with no distinction be- 
tween the bead nucleus and the coating (figure 17). 
The mother-of-pearl bead that forms the nucleus in 
cultured pearls, is significantly less opaque than 
the glass bead of the Majorica product and there is 
usually a distinct difference in opacity between 
the layers of nacre and the nucleus. 

The separation is most easily made by the 
tooth test. When gently rubbed against the cutting 
edge of the front teeth, cultured pearls feel gritty 
while the Majorica imitations feel smooth. How- 
ever, this can be a damaging test. Also, note that 
Majorica S.A. indicated to the authors that they 
have the technology to produce their product with 
a gritty surface texture, but they have made a 
conscious decision not to do so (L. Bonel, pers. 
comm., 1989). Other manufacturers are not as 
conscientious, so the test does not exclude other 
imitations if a gritty texture is encountered. 

With regard to the other tests performed, the 
results for specific gravity and hardness indicate 
an overlap between the Majorica products and 

Figure 15. In contrast to figure 14, the drill hole 
of the Majorica bead shows the ragged edges of 
the coating and no distinct separation from the 
glass nucleus. Photomicrograph by John I. 
Koivula; magnified 10 x . 
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cultured pearls. Although X-ray fluorescence is 
considered conclusive when it is used in conjunc- 
tion with X-radiography, this test is of questionable 
value when used alone. This is also the case with 1 
fluorescence to both long- and short-wave ultravio- 
let radiation. Although reaction to a 10% hydro- 
chloric acid solution is definitive (cultured pearls 
effervesce, but the Majorica imitations do not), 
this test is highly destructive and so is not recom- 
mended. Also, some other imitation pearls may 
effervesce (C. Fryer, pers. comm., 1990). 

To further substantiate the thickness of the 
coating.ok nacre seen with magnification, C. Y. 
Sheng of GIA's Jewelry Manufacturing Arts De- 
partment' cut one Majorica imitation and one 
cultured pearl in half for comparison (figure 18). In 
the cultured pearl, the wavy, parallel structure of 
the mother-of-pearl nucleus is seen, surrounded by 
the dark conchiolin layer and then the outermost 
layer of nacre. The thickness of the nacre layer will 
vary depending on the amount of time the nucle- 
ated molluslz was allowed to grow before harvest. 
Generally, however, it is significantly thiclzer 

Figure 16. At 50x mag- 
nificcition, the surface of 
a cultured pearl (left) 
typically reveals re- 
cessed, step-like depres- 
sions, while that of a 
Majorica imitation 
(right) shows a more pit- 
ted and dimpled texture. 
Photomicrographs by  
John I. Koivula. 

Figure 17. With X-radiogrciphy, the Majorica im-  
itation pearls (here, the larger beads) are typ- 
ically very opaque compared to their cultured 
counterparts. X-radiograph b y  Robert E. IZane. 

Figure 18. Typically, the 
nacreous layer of  a cul- 
tured pearl (left) is signif- 
icantly thicker them the 
"pearl essence" coating 
on a Majorica imitation 
(right). Note also on 
these cross-sections the 
wavy, parallel structure 
of the mother-of-pearl 
nucleus in the cultured 
pearl and the swirl stria- 
tions of the glass nucleus 
in the Majorica imita- 
tion. Photos by 
John I. Koivula. 
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(0.5-0.8 m m  on the section in figure 18) than the 
coating on the glass bead of the Majorica imitation 
(0.2 mm in figure 18). The Majorica imitation pearl 
also shows the swirl striations of the glass nucleus. 
Gas bubbles were again observed in the nucleus. 

Durability testing was approached from the 
point of view of key concerns during average wear. 
A strand of cream rose Majorica imitation pearls 
was immersed in perfume for a week, then exposed 
to a week of California summer sun. When the test 
strand was compared to untested strands of the 
same color, we observed no color change in the 
tested beads, only a slight yellowing of the thread. 
While this test is not conclusive, it does provide 
some indication of the general stability of the 
product. 

CONCLUSION 
More and more consumers are choosing imitation 
pearls as a less expensive alternative to the natural 
or cultured gem material. Greater consumer ac- 
ceptance of imitations can also be attributed to the 
influence of those-such as First Lady Barbara 
Bush - who are spotlighted by the media. 

Majorica imitation pearls are manufactured by 
a meticulous process that involves multiple dip- 
pings of a glass nucleus into a compound extracted 
from fish scales. Each dipping is followed by a 
separate polishing of the bead. A final coating 
serves to harden the bead and protect it from 
discoloration by ultraviolet radiation. It is this 
process that sets the Majorica product apart from 
most other imitations, which use coatings of resin 
paints. 

Although Majorica imitation pearls are pro- 
duced in many colors and in a variety of shapes and 
sizes, the most popular are the round, 6-7 m m  

cream rose beads. Majorica jewelry is marketed 
throughout the world; in 1989, sales reached 
US$60 million. 

At a glance, i t  is possible to mistake Majorica 
imitation pearls for cultured pearls; however, they 
are easily separated with standard gemological 
testing. The high luster, absence of blemishes, and 
distinct iridescence of the Majorica product are 
strong visual clues. The significantly lower refrac- 
tive index (and absence of birefringence) in the 
Majorica product, together with the ragged drill hole 
edges viewed with magnification and its opacity to 
X-radiography provide conclusive means of identi- 
fication. The smooth surface of the Majorica 
product when rubbed against the cutting edge of 
the front teeth (as compared to the gritty surface of 
cultured or natural pearls) is also conclusive, but 
this test is potentially damaging. 

The Majorica imitation also appears to be 
durable under normal conditions of wear. Overall, 
it is a useful substitute for cultured or natural 
pearls. 
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GEM-QUALITY CUPRIAN-ELBAITE
TOURMALINES FROM sAo JOSE DA
BATALHA, PARAIBA, BRAZIL
By Emmanuel Fri tsch, James E. Shigley, George R. Rossman,

Meredith E. Mercer, Sam M. Muhlmeister, and Mike Moon

Ilnusu ally vivid tourm alines from the
state of Paraiba, in north eastern Brazil,
have att racted great interes t sinc e they
first appeared on the in ternational gem
market in 1989. Thi s arti cle describ es
what is kn own of th e locality at this
time, but focuses on the most striking
characteristi c of the se gem tourmalines:
the unusual colors in which they occ ur,
Ouantiunive chem ical anal yses revealed
that theseielbaite to urmalines con tain
surprisingly high concentrations of copper,
up to 1.92. wt. % Cu (or 2.38 wt. % Cu O).
Their colors are due to Cu2 + or a com bi­
nation of Cu2 + , Mn 3 + , and other causes .
Some colors can be prod uced by heat
treatment , but most also occur naturally
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Anew find of gem-quality elbaite tourmalines that
occur in unusually bright shades of green and blue,

among other colors, appeared on the international market
in 1989. Som e of the colors were so exceptional (figure 1)
th at they were described as "neon," "fluorescent," or
"electric" in the trade (Reill ey, 1990). A number of the hues,
especially a slightly violetish "sapphire" blue, had seldom
if ever been seen before.in gem tourmaline (Koivula and
Kammerling, 1989a). Pric es for large, clean stones reached
US$l ,OOO or more per carat (Reille y, 1990; Federman,
1990); recently, they have begun to appear in fin e jewelr y
(figure 2). It was subsequently revealed that some of the
material has been heat tr eated [Koivula and Kammerling,
1990a), but it has not been clear whether certain colors are
due only to such treatment or if th ey also occur naturally.

These exceptional gem tourmalines come from a small
mine near the village of Sao Jose da Batalha, in the st ate of
Paraiba, northeastern Brazil. They are commonly referred
to (and will be so here) as "Paraiba tourmalines" (although
more common varieties of gem tourmaline have been
found elsewhere in the same state; W. Larson, pers. comm.,
1990). This article reviews what is currently known about
this locality and the tourmalines produced there, and
reports the results ofacomprehensive study into th e cause
of these unusual colors and the effect of heat treatment.

LOCATION AND ACCESS
The mine is called Mina da Batalha (B. Cook, pers. comm.,
1990). It is located on the upper flank of a hill known as
Serra da Frade (figure 3 ), 4.5 krn (2.7 mi.) northeast of the
town of Salgadinho and very close to the village of Sao Jose
da Batalha. As in most of the state of Paraiba, the area
around the mine is a harsh dry scrubland , locally known as
the seruio . The small local mining industry focuses
primarily on industrial pegmatite minerals, especially
tantali teo As of September 1990, access to the tourmaline
deposit was restricted and required prior arrangements.
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HISTORY 
The story of the Paraiba tourmalines began in 
1982, when Heitor Dimas Barbosa, who had once 
mined tourmaline in Minas Gerais, noticed 
brightly colored specks in samples of pegmatite 
ore shown to him by Jose Pereira, a local Paraiba 
garimpeiro (Koivula and Kammerling, 1990b). The 
two men searched numerous pegmatite deposits 
throughout this region for the next several months. 
Eventually, they located similar colored fragments 
(later identified as tourmaline) in the tailings of a 
small manganotantalite prospect on a hillock at 
the base of Serra da Frade. Over the next few years, 
Barbosa and a team of about 15 garimpeiros dug 
deep (up to 50 m )  shafts and a number of galleries 

Figure 1 .  Paraiba tour- 
malines have generated 
major interest in  the gem 
industry because ma& 
occur in unusual colors, 
some of  which have 
never been seen before in 
this gem species. Some of 
the names used in the 
trade to describe these 
exceptional colors, illus- 
trated here, are "neon," 
"electric," "turquoise," 
"sapphire," or "tan- 
zanite" blue and "mint" 
green. These stones, 
which range from 0.39 to 
1.47 ct, are courtesy of 
Gerl~ard Beclzer, Idar- 
Oberstein; photo by 
Robert Weldon. 

into a decomposed granitic pegmatite. They oper- 
ated under difficult climatic conditions (little 
water and high daytime temperatures), using only 
hand tools. During 1985-1987, their efforts pro- 
duced tourmalines of various shades of green. Not 
until August 1987, however, did they encounter 
the distinctive "electric" and "sapphire" blue 
stones for which this deposit has become famous. 
Mr. Barbosa and his associates filed a joint claim on 
the mine in 1988 and formed the mining coopera- 
tive COGASBRA, which was registered by the 
National Department of Minerals (DNPM] on 
March 13, 1990. Currently Mr. Barbosa holds 
exploration rights to the area that he has been 
mining, although the mining rights are in dispute. 
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Figure 2. The new Por- 
aibo to~~rmol ines  ore par- 
ticularly fittractive in 
fine jewelry, as indicated 
by  this pin set with three 
Paraiba stones (total 
weight 2.13 ct), created 
by the Gold R L I S ~ ,  North- 
ridge, CA;  photo b y  
Sl~ane McClure. 

Figure 3, The Mino da Botdho workings con be seen here 01  111e top o/ Serro da Frode, A hill composed 
of gen~ly~dipping beds of grlly qudrtzite. Dumps of  decomposed white rock mark entrances to  the mine 
shafts thaf 1-n.7~ been dug into the weathered pegmatite. Photo, taken August 1990, by Brian Cook, 
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Figure 4. Whi te  clay (altered feldspar) ca17 be 
seen surro~lnding [he  main  shaft of the tour- 
maline m ine  on Serra do Frade. The village of 
S6o lose da Batalha appears i n  the background. 
Vertical shafts and horizontal lunnels have 
been dug into the weuthered pegm(11ite in  
searcl~ of gem to~irmaline.  Photo, taken 
A z ~ g ~ ~ s t  1990, b y  Brian Cooli. 

Figure 5. This 24.69-ct round brilliant cut is re- 
portedly one of the largest faceted t o ~ ~ r m a l i n e s  
t o  emerge to date from the n e w  locality i n  the 
slate o f  Parai'ba. Courtesy of Kahlil Elawar 
Ltda.; photo 0 Harold d Erica Van Pelt. 

GEOLOGY AND OCCURRENCE 
Gem tourmalines from S5o Jose da Batalha are 
found in a small! decomposed granitic pegmatite! 
in association with quartz! feldspar (altered to 
white clay)! and lepidolite (figure 4). The pegmatite 
is a narrow dilze cutting across the quartzite host 
roclz. To~irmaline occurs mostly as crystal frag- 
ments that weigh less than a grain! although cut 
stones over 20 ct (4  grams) have been faceted 
(figure 5) and the authors have examined rough 
fragments as large as 10 grams. In rare instances/ 
small crystals are recovered. The external features 
of these crystals often indicate that they have been 
brolzen in nature! and some are also severely 
etched (figure 6). occasion ally^ tourmaline crystals 
have been found completely included in quartz 
matrix (as ill~istrated in Koivula and Kammerling/ 
1990al p. 166). 

Some crystals display a distinct! sometimes 
complex color zoning. Several contain a deep pinlz 
core! surrounded by a zone of "turq~ioise" blue and 
a thin pinlz rim; others have a blue center sur- 
rounded by violet! light blue! green! and gray areas. 
Other combinations have also been seen. Slices of 
these crystals are q ~ ~ i t e  attractive (figure 7). 

MINING 
The area continues to be mined primarily with 
hand tools. Dynamite is used only occasionally to 
brealz the surrounding host roclzl which is consid- 
erably harder than the altered pegmatite. The 
miners have sunlz vertical shafts into the decom- 
posed pegmatite at various intervals; at different 
levels along these shafts, they have dug narrow 
horizontal tunnels (1.8 m high x 0.6 m wide) to 
follow the pegmatite dilze. All of these under- 
ground worlzings have been excavated using can- 
dlelight as the sole source of illumination. Mining 
has been hampered by the lack of a proper ventila- 
tion system! and by the difficulty of hauling loose 
roclz LIP and out of the mine. The conflict over 
mining rights has also led to periods when the 
operation had to be halted. 

It is difficult to estimate how m ~ ~ c h  gem 
material this mine has already produced! but the 
quantities available at the February 1990 Tucson 
gem show plus those stoclzs reported by other 
dealers (e.g./ G,  Beclzerl pers. comm., 1990) amount 
to at least 101000 ct of rough and finished stones. 
There are indications that more is to be found at 
the mine (see! e.g.! Koivula and Kammerling! 
1990b)) but! in the absence of careful geologic 
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Figure 6. .This 23-mm high, 8.80-ct blue crystal 
of Parai'ba; tourmaline is a nice example of the 
small crystals found at the deposit. The rec- 
tangz~lar, :tep-like surface features are attrib- 
uted to etching. Stone coLirlesy of Brian Cook, 
Nature's Geometry; photo b y  Robert Weldon. 

mapping and more systematic explorationl no 
estimate of the reserves can be provided at this 
time. 

MATERIALS AND METHODS 
Over the course of this research project, we exam- 
ined several hundred rough and faceted gem tour- 
malines that covered the entire range of colors 
available from the Paraiba deposit. From these) we 
selected 13 specimens of representative color for 
more detailed study. Indices of refraction were 
measured with a GIA Gem Instruments Duplex I1 
refractometer and a filtered) near-monochromatic, 
Na-equivalent light source. Specific gravity was 
determined by the hydrostatic method. To confirm 
the identity of these specimens as elbaite tour- 
maline, we obtained X-ray diffraction data for five 
of them (samples R301 R501 R52) R66) and R67) 
using an automated Rigalzu powder diffractometer 
operated at 35 1zV and 15 mA. 

Chemical analyses of all 13 specimens were 
obtained using a JEOL Model 733 electron micro- 

Figure 7, This 5.96-ct slice (15.20 x 22.20 x 
3.28 m m )  of Paraiba tourmaline is  representa- 
tive of the somewhat complex color zoning that 
appears in  some crystals. This color zoning re- 
flects changes in  chemical composition as the 
tourmaline crystallized. Courtesy of The Gold 
Rush, Northridge, CA; photo b y  Shane McClure, 

probe (for operating conditionsl see table l j  be- 
cause two of theoriginal samples virtually dupli- 
cated the color of other samples in the test group, 
only 11 are reported in the table). A Pye-Unicam 
Model 8800 ultraviolet-visible spectrophotometer 
was used to record absorption spectra in the range 
of 250-850 nm for the same samples. We found it 
necessary to prepare crystallographically oriented 
pieces of some of these specimens to obtain 
quantitative absorption spectra that could be di- 
rectly compared with their chemical composition. 
For this purposel we selected three crystal frag- 
ments (R301 R501 and R52) and two faceted stones 
(R66 and R67) in the green to bluish purple color 
range on the basis of their color and color homoge- 
neity. From each specimen, we cut a flat) parallel- 
windowed section in an orientation parallel to 
the optic axis (as determined either from striations 
on the prism faces of the crystal fragments - which 
are parallel to the optic axis - orl when there were 
no striations, by X-ray alignment photography). 
These five sections were subsequently ground to 
an appropriate lznown thickness (0.2 to 5 mm) and 
then polished using 1-micron-diameter alumina 
powder. 

Quanti tat ive absorption spectra i n  the  
300-2000 nin range were recorded for these five 
specimens using a Cary Model 171 ultraviolet- 
visiblelnear-infrared spectrophotometer. The 
heating experiments were carried out in a Lindberg 
Model 5 1442 furnace. 
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GEMOLOGICAL PROPERTIES 
As reported in table 1) we recorded indices of 
refraction for the 13 specimens as epsilon = 1.618 
to 1.621 (2 O.OOl)l and omega = 1.638 to 1.646 [ *  
0.OOlJ. These values are typical of elbaite 
[Dietrich/ 1985). Slightly lower values were re- 
ported by Banlc et al. (1990) for material from this 
deposit. All of our specimens were also found to 
have a uniaxial negative optic character. The 
birefringence varied from 0.018 to 0.025. As ex- 
pected for this geml these elbaites are distinctly 
pleochroic [figure 8)1 with the most saturated color 
seen loolcing down the optic axisf that isl parallel to 
the direction of the omega refractive index (i.e.! 
with the polarizer oriented perpendicular to the 

optic axis; see B10s.s~ 19611 p. 147). The specific 
gravity of our samples ranged from 3.03 to 3,12 [ & 

O,OIJl which is slightly higher than for most 
elbaites (2.84-3.10; Dietrich! 1985). 

The Paraiba tourmalines we examined were 
inert to both long-and short-wave ultraviolet radia- 
tion! as is commonly observed in other gem 
tourmalines. The inclusions are typical of those 
seen in all varieties of gem tourmalines (seel e.ga1 
Giibelin and K o i v ~ ~ l a ~  19861: three-phase inclu- 
sions (figure 9); liquid incl~~sions~ sometimes in 
veils or "fingerprintf1 patterns; thin growth tubes 
parallel to the optic axis; and some doubly refrac- 
tive crystal inclusions. Of particular interest are 
rare ii~clusions of tourmaline in tourmaline. Fig- 

TABLE 1. Some gemological properlies and electron microprobe analysesa of elbaite tourmalines from Paraiba, Brazil. 

Property1 
chemical 
component R50 

Property 
Colorb Yellowish green Greenish gray Purple Bluish purple 

("tanzanite") 

Grayish green Light pink Light, slightly 
gray~sh green 

Light gray L~ghl 
purplish pink 

Medium 
yellowish green 

Medium 
grayish green 

Mediurn 
purplish pink 

Medium purple Medium 
bluish purple 

Chemical Component 
(wt.%) 

Na20 
CaO 

K20 
Li20c! 

MgO 
Ti02 

v2Â° 

cr203 

MnO 
FeO 
ZnO 
c u o  
PbO 
Bi203 
A1203 

B%03c 
Si02 
H20C 
CI 

2.27 
0.46 
0.03 
1.62 
0.54 
0.10 
0.01 
BDL 
1.47 
0.22 
0,08 
0.37 
BDL 
0.39 

39,04 
10.94 
37.27 

3.13 
0.01 

2.36 
0,45 
0.02 
1.62 
0,30 
0.07 
0.01 
BDL 
2.99 
0.12 
0.1 1 
0 49 
0.02 
0,06 

30,73 
10.94 
37.29 

3.13 
BDL 

1.94 
0.08 
0.02 
I .62 
BDL 
BDL 
BDL 
BDL 
0.53 
BDL 
0.03 
0 51 
BDL 
BDL 

42.37 
10.94 
37.42 

3.13 
BDL 

2.00 
0.07 
0 01 
I 62 
BDL 
BDL 
BDL 
BDL 
0.52 
001  
0.04 
0.52 
0.01 
0 02 

42.14 
10.94 
37.39 

3.13 
BDL 

2.16 
0 62 
0.02 
1 62 
BDL 
BDL 
BDL 
BDL 
1.32 
BDL 
BDL 
0.62 
BDL 
0.15 

39.66 
10.94 
37.11 

3.13 
BDL 

Total 97.95 98.71 98.59 90.42 97 35 

%Electron microprohe analyses were performed on an automated, five-crystal JEOL 733 spectrometer operallng a1 a heam accelerat~ng 
potential of 15 k!( a current of 35 nA, and a spot size of belween I 0  and 25 jun. K-alpha lines were analyzed for each element except 
Pb and Bi, for which M-alpha lines were used. Standards include: (NaJ-Amelia albite, (MgJ-MgO, (Al, SiJ-kyan~te, (K)-microcline, 
(CaJ-anorlh~le, (Ti)-TiO?, (VJ-pure element, ( 0 - C r 2 0 3 ,  (MnJ-Mn-ol~vine, (Fe)-synthetic fayalite, (C1)-sodalite, (Zn)-ZnO, (Cu)- 
pure element, (Ph)-galena or synthetic PbS, and (61)-pure element. Total ~ron is calculated as FeO; lotal manganese is calculated as 
MnO (even though it can be present as both Mnz+ and Mn3+). Entries ind~cated by "BDL" were below the detection limils of the 
instrument (less than 0.01 wt% oxide). The data were corrected using the program CITZAF (Armstrong, 1988) employing the absorption 
correction of Armstrono (1982J, the atomic number correction of Love el a/. (1978). and !he f/uorescence correction of Reed (1965), as 



Figure 8. As with most 
elbaite tourmalines, the 
pleocl~roism in this "sap- 
phire" blue Parafba tour- 
maline is dis~inct: me- 
dium dark blue (left, po- 
larizer perpendicular to 
the optic axis) and me- 
dium light greenish blue 
(right, polarizer parallel 
to the oplic axis). Photo- 
micrographs by 10hn I. 
Koivula; maggified 6 x 

Blue Violetish blue Bluish green Blue-green Bluish green Green 
,A , ,  ("sapphire") ("minta') ("turquoise") ("emerald") 

1.639 

3.1 1 

Very light 
blue 

Medium 
light blue 

2.26 
0.55 
0.02 
1,62 
BDL 
0,Ol 
BDL 
BDL 
2.30 
BDL 
0.01 
0.72 
0.01 
0.1 1 
38.95 
10.94 
36.97 
3.13 
BDL 

Medium 11ght 
greenish blue 

Medium 
dark blue 

Very light 
green 

Medium, slightly 
bluish green 

Medium 
bluish green 

Medium 
green-blue 

Light, slightly 
greenish blue 

Medium green 

Medium 
bluish green 

Medium green 

2.35 
0.47 
0.02 
1.62 
B DL 
0.01 
BDL 
BDL 
2.55 
BDL 
0.01 
0.74 
0.02 
0.08 
38.47 
10.94 
37.06 
3.13 
0,Ol 

2.32 
0.19 
0.02 
1.62 
0.18 
0.07 
0,Ol 
BDL 
I .32 
0.15 
0.1 1 
1.08 
0.01 
0.83 
38.99 
10.94 
36.75 
3.13 
BDL 

2.49 
0.05 
0.02 
I 62 
BDL 
0 06 
0.01 
BDL 
1.48 
0.07 
0.25 
I .76 
0.01 
0.01 
38.58 
10.94 
36.53 
3.13 
0.01 

2.47 
0.24 
0.02 
1.62 
0.95 
0,ll 
0.01 
BDL 
0.85 
0.34 
0.08 
2,37 
0.02 
0.03 
39.35 
10.94 
36.83 
3,13 
BDL 

2.51 
0 30 
0.04 
I .62 
0.06 
0.02 
BDL 
BDL 
2.16 
0.04 
0 52 
2.38 
0.01 
0.05 
38.31 
10.94 
36.89 
3 13 
BDL 

modified by Armstrong (7988). Each speclmen was analyzed at three different randomly selected locations; in this table, an average 
analysis is shown for each sample. Analyses were performed by Paul Carpente~ 
bColor hue descriptions visually estimated. The "emerald green specimen (R376) has been heat treated. 
cSpecil~c gravity values determined by the hydrostatic method, 
dPleochroic colors visually estimated using a calcite dichroscope. e = epsilon (color seen with light vibrating parallel to the optic axis) 
UI = omega (color seen wilh light vibratmg perpendicular to the optic axis). 
Walues 01 Li20, B203, and H20 were calculated based on an assumed elbaite tourmaline stoichiometry. 



Figure 9. For the most part, the inclusions ob- 
served thus far in Paraiba tourmalines-here, a 
three-phase inclusion -are typical of those seen 
in tourmalines from other localities. Photo- 
micrograph by John I .  Koivula; magnified 40 x . 

ure 10 illustrates a needle of bright green tour- 
maline (identity confirmed by X-ray diffraction 
analysis) that cuts across a dark "sapphire" blue 
slice of Paraiba tourmaline. This specimen report- 
edly has not been heat treated (G. Becker, pers. 
comm., 1990). 

Also, numerous yellowish specks - referred to 
as "gold" by some of the Brazilian miners-have 
been seen on a few crystals (see figure 11). Al- 
though microscopic examination revealed that 
these "specks" are pinkish yellow and have a 
metallic luster, X-ray fluorescence analysis of the 
specimen shown in figure 1 1 revealed the presence 
of Mil, Fe, Cu, Zn, and Bi, as well as some S. This 
implies that these inclusions could be composed of 
a sulfide, possibly iron containing, since the iron 
content of the stone for which the inclusions were 
analyzed is unusually high compared to other 
Paraiba tourmalines. 

Because of their bright colors, Paraiba tour- 
malines could easily be mistaken for other gem 
materials, such as hauyne, lazulite (Bank and 
Henn, 1990)) blue sapphire, tanzanite, or even 
emerald. However, these gem materials have very 
different gemological properties. Hauyne is iso- 
tropic with a lower R.I. and S.G. than tourmaline; 
lazulite has a similar R.I. and S.G. but a higher 
birefringence and is biaxial; sapphire and tan- 
zanite have higher R.1.j~ and S.G.'s, and in the case 
of sapphire there is usually a distinctive absorption 
spectrum; and emerald has a lower R.I. and S.G. 
and, again, a distinctive absorption spectrum. At 

the February 1990 Tucson gem show, we saw a new 
production of apatites from Madagascar with col- 
ors similar to those of some Paraiba tourmalines, 
in particular, "turquoise" blue, bluish green, and 
light green (see also Bank and Henn, 1990; Koivula 
and Kammerling, 1990b). These two gem materials 
are easily separated on the basis of specific gravity 
or absorption spectrum. 

X-RAY DIFFRACTION ANALYSIS 
Measured lines in the X-ray diffraction patterns of 
the five tourmalines analyzed were determined to 
be closely related in both position and relative 
intensity to those from the pattern of a representa- 
tive elbaite (1986 JCPDS Mineral Powder Diffrac- 
tion File 26-964). Least-squares refinement of data 
for a Cu-rich specimen (R30) yielded unit-cell 
dimensions of - a = 15.883 ( Â 0.004) A and - c = 7.1 11 

Figure 10. A needle of bright green tourmaline 
is readily seen as an inclusion in this slice of 
dark violetish blue tourmaline (R32) from Par- 
aiba. The slice, 12.10 x 6.60 x 3.52 mm,  is 
courtesy of Gerhard Becker; photo by 
Robert Weldon. 
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( : 0.001) A. The five strongest lines in this pattern 
are 3.978(56)(220), 3.445(76)(012), 2.938(100)(122), 
2.567(90)(051), and 2.029(54)(152), where these 
values represent the d-spacing (in Angstroms), 
relative intensity, and Miller index (hkl) of each 
diffraction line. No significant differences were 
noted between the diffraction patterns of this 
specimen and those of the other four elbaite 
specimens. The a and c dimensions of the other 
four specimens were within 0.020 A and 0.003 A, 
respectively, of those for sample R30. 

CHEMICAL ANALYSIS 
The electron microprobe analyses (again, see table 
1) show that these tourmalines are typical elbaites 
and contain little Ti (5 0.1 1 wt.% oxide), and Fe (5 
0.34 wt.% oxide), virtually no V or Cr (50.01 wt.% 
oxide), and have Cu and Mn as major transition- 
element impurities. The highest concentration of 
copper measured in our samples was 2.38 wt.% 
CuO (or 1.92 wt.% Cu) for the "emerald" green 
cabochon (R376), and the largest concentration of 
manganese,, 2.99 wt.% MnO, was found in the 
greenish, gray crystal fragment (R378). Analyses 
performed at three random locations on each 
specimen w i t h  uniform coloration showed only 
very slight compositional variations. 

As mentioned previously, however, some Par- 
aiba tourmaline crystals exhibit distinct color 
zoning (again, see figure 7). Examination of such 
unusual crystals provides interesting information 
on the chemical environment that produced them. 
As shown in figure 12, the greatest differences in 
chemistry as one crosses boundaries between 
zones of various colors are for Cu and Mil. To a 
lesser extent, differences were also noted in the Fe 
and Ti contents. 

It is interesting to note that small amounts of 
Bi, Pb, and Zn were detected in many specimens. 
These elements appear to have no influence on 
color, and have not often been reported in gem 
tourmalines (see Dietrich, 1985). Bank and Henn 
(1990) reported gold concentrations of 8.6 parts per 
million in this material; we did not attempt to 
confirm their finding. 

Results of both the site-occupancy calcula- 
tions based on charge-balance considerations and 
the microprobe analyses indicate that copper and 
manganese are present in the Y crystallographic 
site (using the site terminology for tourmaline of 
Deer et al., 1986). 

Figure 1 1 .  Numerous gold-colored specks near 
the  surface o f  this Paraiba tourmaline crystal 
create an interesting optical effect. Stone cour- 
tesy of Bejja Flor Gems;  photo by 
Robert Weldon. 

COLOR 
The cause of color in elbaite tourmaline has been 
extensively investigated. Most colors are due to 
small amounts of transition elements (Dietrich, 
1985). In particular, blue to green hues have been 
attributed to various processes involving both 
Fez + and Fe3 + ions (Mattson and Rossman, 1987) 
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Paraiba Tourmalines 

Figure 12. Changes in the 
chemical composition of 
the coloring agents -as 
determined by micro- 
probe analyses taken at 
30 points along a linear 
traverse (6 m m  total dis- 
tance) from the center to 
the edge of this Paraiba 
tourmaline crystal sec- 
tion (R363) -relate to the 
various color zones in the 
section. The copper con- 
cen tration decreases 
from the center toward 
the edge. The manganese 
content decreases in a 
similar fashion, but 
reaches a low value at 
the narrow light blue 
and yellowish green 
zones (about 4.5 m m  
from the center), and 
then increases in the 
pink areas near the edge. 
Iron and titanium con- 
tents remain very low 
across most of the sec- 
tion, but show a slight 
increase near the edge. 
Note that the electron 
microprobe analyses 
were performed on an 
automated, five-crystal 
IEOL 733 spectrometer 
operating at a beam ac- 
celerating potential of 
15kV, a current of 150 
nA,  a 5-second counting 
time, and a spot size of 
30 am.  K-alpha lines 
were analyzed for each 
element; standards in- 
clude: (Ti) - Ti02,  
(Mn) - Mn-olivine, (Fe) - 
synthetic fayalite, (Cu) - 
pure element. Values are 
plotted for Ti02,  MnO, 
FeO, and CuO. Thirty 
analyses were performed 
at 200 pm intervals 
along a linescan between 
the core and rim of this 
crystal. The data were 
corrected using the same 
procedure as described 
in table 1. 
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and to Fez+ -> Ti4+ charge transfer (Mattson, as 
cited in Dietrich, 1985, p. 129). C r ^  and V  ̂ have 
been identified as coloring agents in green dravite 
and uvite (Schmetzer and Bank, 1979), but never in 
elbaite. 

Several earlier investigators have mentioned 
Cu2+ as a potential cause of color in blue and green 
elbaites on the basis of atomic emission spec- 
trograph~. Warner (1935) observed that blue sam- 
ples have a lower copper concentration than yel- 
low-green ones, whereas Carobbi and Pieruccini 
(1946, 1947) found, on the contrary, greater 
amounts of copper in blue crystals. None of these 
authors, however, proved that this ion actually acts 
as a coloring agent in tourmaline. Staatz et al. 
(1955) n~entioned the presence of trace amounts of 
copper in tourmaline (up to 0.0017 wt.%) but, 
again, did not relate it  to color. C L I ~ +  was recently 
proposed as a possible coloring agent for the 
Paraiba material (Fritsch, as cited in Koivula and 
Kamn~erling, 1989b; and Bank et al., 1990)) but 
this hypothesis was not proved at that time. Using 
ultraviolet-visible and near-infrared absorption 
spectroscopy, however, we can now demonstrate 
that copper is indeed partially responsible for the 
unusual coloration of these gem tourmalines. 

Figure 13 illustrates the visible-range absorp- 
tion spectra of nine Paraiba tourmalines that span 
the range of colors available. Several key features 
are evident in these spectral curves. First, there is 
an ultraviolet absorption "edgeJ'-increasing ab- 
sorption toward the U.V - beginning at about 450 
nin (most conspic~~ous in R376). Several of the 
spectra display a weak, sharp band at about 415 n m  
[especially notable in R67). Several others exhibit a 
broad hand of varying intensity centered at about 
515 nm (R308, R362). Finally, there is another 
broad absorption band beginning at about 600 nin 
and extending into the near-infrared (e.g., R376). 
The reader should note that element concentra- 
tions listed in table 1 as oxides cannot always be 
directly correlated with intensities of absorption 
features in a spectral curve [such as those in figure 
13). Intensities of absorption features depend not 
only on the concentration of an element, but also 
on its valence state, position in the crystal struc- 
ture, and-in the case of a charge-transfer mecha- 
nism-the proximity between the two ions in- 
volved in the crystal structure. It is possible that 
concentrations of coloring agents at much lower 
values than those shown in table 1 could still 
produce intense absorption features in the visible 

spectrum, for example, through charge-transfer 
phenomena [for further information, see Fritsch 
and Rossman, 1987 and 1988). 

We interpret the features shown in figure 13 as 
follows. The rise in absorption toward the ultravio- 
let starts at a higher wavelength and is more 
gradual in specimens that contain a larger amount 
of titanium, as listed in table 1. Because all 
specimens contain much more manganese than 
titanium, this absorption feature may be attrib- 
uted to Mn2+ -> Ti4+ charge transfer (Rossman 
and Mattson, 1986). Still, other causes are possible. 
Fe2+ -> Ti4^ charge transfer is known to occur in 
tourmaline between 400 and 500 nnl (Mattson and 
Rossman, 1987; Taran and Lebedev, 1990). Also, 
V3+ or Cr3 + -at concentrations too low to be 
detected by electron microprobe-could cause a 
weak absorption in the same wavelength range. 
However, testing with a more sensitive instru- 
inent, an energy-dispersive X-ray fluorescence 
(EDXRF) spectrometer, did not detect either van- 
adium or chromium but easily detected the iron 
and titanium. Therefore, charge-transfer mecha- 
nisms involving Fe2+ -> Ti4+ and Mn2+ Ti4+ 
are the more likely causes of the increase in 
absorption that starts at about 450 nm. 

Mn2+ is slowly transformed into Mn3+ by 
exposure to natural radiation such as that pro- 
duced, for example, in a granitic pegmatite (Rein- 
itz and Rossman, 1988). The darker blue to violet 
specimens from Paraiba (see figure 13) display a 
broad absorption band in the green that is centered 
around 515 nnl and is attributed toeMn3+ (Man- 
ning, 1973). A weak, sharp absorption band at 
about 415 nm in the blue region, visible in the 
spectra of several specimens in figure 13, is attrib- 
uted to Mii2+ (Rossman and Mattson, 1986; Rein- 
itz and Rossman, 1988). More intense absorption 
attributed to Mn3+ in Paraiba tourmalines pro- 
duces a shift toward more violetish colors ("sap- 
phire" blue, violet) and even purplish pink. Note 
that the broad feature at 515 n m  is responsible for 
the pink color of rubellite, which explains why 
"sapphire" blue and "tanzanite" bluish purple 
Paraiba tourmalines display a typical rubellite 
spectrum in the hand-held spectroscope [Kane, 
1989; Hodgkinson, 1990). Their color is not that of 
rubellite, however, because the color of a gemstone 
(such as tourmaline) is primarily determined by 
broad absorption bands that are not always easily 
observable with a hand-held spectroscope. 

Along with manganese, copper is the major 
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R378 Greenish gray 

R308 Purplish pink 
(rubellite) 

R362 Purple 

R66 Bluish purple 
("tanzanite" blue) 

R67 Violetish blue 
("sapphire" blue) 

R52 Blue 

R376 Green 
('emerald" green) 

R30 Blue-green 
("turquoise" blue) 

R50 Yellowish green 

I I I 

500 600 700 
WAVELENGTH (nm) 

I I i 
500 600 700 

WAVELENGTH (nm) 

Figure 13. These visible-range absorption spectra for nine Paraiba tourmalines of various colors were 
recorded using nonpolarized light for samples that varied in size, shape, and optical orientation rela- 
tive to the position of the incident light. Therefore, the vertical scale is in arbitrary units. However, 
for a given spectral curve, the intensities of absorption bands relative to one another are meaningful 
and characteristic of that particular color. The three spectra on the left (R50, R30, R376) illustrate ab- 
sorption at the red end of the spectrum (above 600nm) due to increasing amounts of Cu2+. The six 
spectra on the right (R52, R67, R66, R362, R308, and R378) show the broad absorption band centered 
at about 515 n m  that is due to  Mn3+ (in addition to the absorption from Cu2+), In several spectra of 
this latter group, a weak, sharp band is visible at 415 n m ;  this is due to Mn2+. Note that specimen 
R376 is known to have been heated. 

coloring agent for these Paraiba tourmalines. 
When it is the dominant coloring agent, it  is 
responsible for the spectacular "turquoise" blue 
hue (see figures 1, 13, and 14). We interpret the 
broad absorption band above 600 n m  (for example, 
the unpolarized spectra of R30 and R376 in figure 
13), which actually is the edge of the pair of bands 
at approximately 695 and 920 nm, as arising from 

absorption by Cu2+. As can be seen in figure 14, 
the maxima of these two broad bands are located at 
about 690 and 900 n m  in the E 1 c direction.* They 
are shifted slightly in the ~ l l ~ d i r e c t i o n ,  and are 

-. 

' "E" stands for the electric vector, which is in the direction 
of light vibration, and perpendicular to the direction of light 
propagation. For example, E l c  is what one would see look- 
ing down the optic axis. 
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Figure 14. These polarized optical absorption 
spectra for a "turquoise" blue Paraiba tour- 
maline (R30) i l l ~ ~ s ~ r a t e  the absorptio~~ features 
due to CLIP+. The spectra were recorded with 
lig11 t vibrating parallel (Ell c), and then perpen- 
d i c ~ ~ l a r  ( E  1 c), to the optjc axis of the tour- 
maline. ~ F c a l l ~  gem spectra are recorded on a 
U. V-visible spectrophotomet~r with the stone 
in  a random optical orientation, because i t  i s  
often difflcjjlt or ilnpossible to position a cut 
stone in th f  instrumerit precisely This lemis to 
the specira one normally sees published (e.g., 
figure 13). However, spectrd features are most 
accurately 'recorded from parallel polished 
pieces of known optical orientation and using a 
polarizing filter, as was done for ~-11e spectra re- 
produced here. 

located at about 740 and 940 nm. The intensities of 
these broad bands depend on the direction of 
polarization, especially for the E 1 c band (in con- 
trast to the results reported by ~ a n x  eta]., 1990). In 
an unpolarized spectrum, the two pairs of bands 
merge, and appear at about 695 and 920 n m  (and for 
simplicity are designated as such in the rest of this 
text]. Also seen in the spectra in figure 14 are a 
series of sharp bands in the near infrared between 
1400 and 1500 nm, which are visible in a11 tour- 
malines. These bands, strongly polarized in the Ellc 
direction, arise from the first overtones of 0-H 
s t r e t c h i n g  v ib ra t ions  (Wiclzersheim and  
Buchanan, 1959 and 1968; Gebert and Zeman, 
1965). 

Figure 15 shows that the broad bands at about 
695 and 920 n m  in both polarization directions 
correlate in intensity with the copper concentra- 
tions determined in these same specimens by 
microprobe analysis. This is the first proof ever 
published that these absorption bands are actually 

caused by Cu2+. In addition, this is the first 
documented evidence of Cu2+ acting as a coloring 
agent in tourmaline (for more details, see Rossman 
et al., 1990). 

It is interesting to note, as a confirmation of 
the concl~~sion drawn above, that synthetic Na-CL~ 
tourmaline spherulites l~ydrothermally grown by 
Taylor and Terrell(l967) also have a green to blue 
color. Very recentlx Taran and Lebedev (1990) 
presented polarized absorption spectra of syn- 
thetic Na-A1 tourmalines doped with copper; 
these spectra show the same absorption features (at 
approximately 695 nm and 920 nm) that we 
obtained on the natural tourmalines investigated 
here. 

Figure 15, This graph shows the direct correla- 
tion in samples R30, R50, R52, R66, and R67 
between copper concentration (obtained by  mi-  
croprobe analysis) and the intensity of [he ab- 
sorption bands betwee11 690 and 940 in the 
near infrared that are due to  CL$+. Intensity 
values were measured for the two broad bands 
that are present in the polarized spectra, in  
each polarization direction (see figure 14). Solid 
circles = 900-nm band; open circles = 690-nm 
band; solid triangles = 940-nm band; open tri- 
angles = 740-nm band. The foci that the groups 
of syinbols for these four bands nearly fall 
along straight lines is pro01 that copper is the 
cause of  these bands, a i ~ d  is a principal coloring 
agent of these Parai'ba tourmalines. 

0.0 0.5 1 .O 

COPPER CONCENTRATION 
(wIoli copper) 
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Figure 16. This 5.33-ct "emerald" green mixed- 
cut cabochon of Paraiba tourmaline (sample 
R376) is representative of one of the most at- 
tractive colors of this material. Photo by Robert 
Weldon. 

The green color in Paraiba to~~rmalines is due 
to both an intense absorption edge toward the 
ultraviolet and strong Cu2+ absorptionsl without 
any M113 + being present. An example of "emerald1' 

green tourmaline from Paraiba is illustrated in 
figure 16. 

None of the absorption features related to 
Cu2+ can be clearly identified with a hand-held 
spectroscope. Furthermore! classical gemological 
testing methods cannot be used to demonstrate 
that a tourmaline indeed contains copper. 

HEAT TREATMENT 
As mentioned abovel some tourmalines from this 
mine have been heat treated. Identification of a 
heat-treated stone is co~~founded by the fact that 
some colors that occur naturally can also be 
produced by heat treatment. We subjected five 
polished sections and 12 rough crystal fragments 
of Paraiba tourmalinesl representing the typical 
range of color found at this locality, to heat 
treatment to document the color-change behavior. 

First! a sand bath was preheated to 6OO0C in 
order to burn out any water or impurities that 
might influence the results of the heating experi- 
ments. The samples were then buried in the sand at 
room temperature! and the temperature was raised 
to 550Â° over a period of 2.5 hours. This tempera- 
ture was held for four hours. The samples were 
then allowed to cool in the unpowered furnace at 
its natural cooling rate of approximately 50Â° an 
hour. Our results are consistent with those previ- 
ously published by G. Beclzer (as cited in Koivula 
and Kainmerling! 1990a). 

The most noticeable effect of this heat-treat- 

Paraiba Tourmalines 

Figure 17. These pairs of 
Parai'ba to~~rmaline frag- 
ments show the effect of 
heat treatment on this 
material. O r i g i ~ ~ a l l ~  
both specimens in each 
pair were the same color 
(with the range of colors 
chosen to represent those 
typical of this locality); 
the lower specimens were 
subsequently heat 
treated to illustrate the 
color chang& produced. 
As described in the text, 
heat treatment results in 
blue to green for vir- 
tually all colors of start- 
ing material. Photo by 
Robert Weldon. 
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500 m 
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ment procedure was that all samples turned green 
or "turquoise11 blue (figure 17). This can be related 
to the disappearance of the broad) Mn3'--related 
band at about 515 nm ( f i g ~ ~ r e  18). Thus! bluish 
purple material becomes light blue with heating. 
During heat treatmentf Mn3+) which produces a 
pink colorationr is reduced to Mn2+/ which gives 
rise to no significant color. The sharp Mn2+ band 
at 415 nm appears during heating, but i t  is so wealz 
that i t  is not visible in the spectra in figure 18. Such 
behavior is well known in rubellite tourmaline 
(see Reinitz and Rossman) 1988) and references 
therein]. 

Contrary to the report of Banlz et al. (1990)/ we 
found that the Cuz+ absorptions were not changed 
by heat treatment. We conclude, thereforel that 
heat-treated Paraiba tourmalines exhibit colors 
attributed to Cu2+ and possibly to Mn2+ + Ti4+ 
and Fez+ + Ti4+ charge transfer. These colors 
include "turquoise1' blue and several shades of 
green. This also implies that colors having an 
Mn3+ component in their absorption spectra (vio- 
letish blue to purple to pinlz] are very unlilzely to be 
the result of heat treatment, 

Since the heat treatment of Parafba tour- 
malines appears to be prevalent (Koivula and 
KammerlingI 1990a)) it is worth noting that some 
of the colors produced by heat treatment also occur 
naturally, that isl in tourmalines that have not 
been heat treated. For examplef some color-zoned 
tourmaline slices show green to blue areas colored 
by Cu2+ alone next to pinkish areas colored by 
Mn3+ (see figures 7 and 12). These slices could not 
have been heat treated; otherwise) they would 
have lost their pink coloration due to the reduction 

Figure 18. These visible-range absorption spectra were 
recorded for representative Parai'ba tourmaline speci- 
mens R66 und R30 before and after heat treatment 
(at 55PC for four hours in on open atmosphere). Nei- 
ther stone had been treated prior to coming into our 
possession (G, Becker, pers. comm., 1989). Heat treat- 
ment has not affected the Cu2+ absorption above 
690 n m  in either stone, Therefore, the blue-green 
("turquoise") color of specimen R30, which is due to 
Cuz+ alone, remains unchanged after heating. In 
specimen R66, however, heat treatment has removed 
the broad band centered at about 515 n m  because 
Mn3+ hus been reduced to Mnz+ (which causes little 
or no light absorption). Conseq~zently, the color of 
this material has changed from bluish purple to light 
blue. 
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Such descriptive terms asneon. fluorescent [which 
ig actually very misleading1 and electric have been 
used in the trade to describe some of the blues and 
greens in which the Paraha tourmalines occur. I t  
has k e n  speculated that the "brightness" that 
maka these tourmalines so desirable can be 
attributed ta three principal factors (K. HurwitJ 
pera comm., 19901: a more attractive hue, slighter 
.tone, and a higher saturation than those green-to- 
blue tourmalines from other localities that are 
commonly seen on the gem market. The flrst 
factor, the huel is a judgment on which the trade 
seenls to agree {seeJ for ex amp!^, Federmanl 1MI) 
The second aspect -a lighter than average tone - is 
,due to the fact that, for faceted stones in the. 
commrm size range, only a small portion ~f the 
vis~ble light going thmu& the stone is actually 
absorbed, thus leading to a lessbdark mlor as 
compared to common meen to blue tourmalines 
which absorb more light for the same size range. 
The third factor - higher saturation than average - 
may be related to the nature of the absorption 
spectrum. Three situations can be distinguished. 
In the Paraiba tourmalines copper prciducesa very 
abrupt increase h absorptiofl around &XI nm in 
those stones with the highest copper mncentra- 
t imi that results in a "pureq" more saturated color 
that is nonetlae1es-s light 10 tone (since only 2 small 
port iond the light passing through the stone is 
actually absorbd~, The presence of the 515-rim 
b a d ,  due too small amount of Mn3+, reduces the 
saturation uli&tly in the "sapphire" blue and 
"tanzaniteJ' viokt stones. Finallx the presence of 
more intense Md+ features [the 515-nm band)# 
only slightly less incense than the Cuz+ features, 
results in a very &saturated grayish appearance in 
some   toms because them 1s nearly equal absorp- 
tion across the entire visxble spectrum. 

of Mn3+ to Mnz+. Thus! the ilturquoiseil blue 
areas in these color-zoned crystalsl although col- 
ored by Cu2+ onlx are not the result of heat 
treatment. The same could be said of the green 
needle in the darlz blue slab illustrated in figure 10, 
To our l~nowledge~ however' the "emerald1' green 
color has been seen only in heat-treated tour- 
malines from Paraiba. 

CONCLUSION 
Copper concentrations recorded for elbaite tour- 
malines from Sio Jose da Batalha (0.37-2.38 wt.% 
CuO) are so high that they are significantly above 
the range of copper content documented so far ill 
natural elbaites (see Staatz et al.' 1955; Dietrich! 
1985; and analytical data gathered by the authors). 
Therefore! a copper content of more than 0.1 wt.% 
CuO can at this time be considered proof that the 
elbaite under investigation comes from this de- 
posit. 

This is the first time that Cu2+ has been 
shown to be a coloring agent in tourmaline. Alone! 
i t  causes a llturquoisell blue color. If Mn2+ + Ti4 + 

or Fe2+ + Ti4+ charge-transfer mechanisms are 
also present! the color shifts to various shades of 
green. Additional absorption by Mn3+ causes vio- 
letish! p~lrplish~ or pinkish hues to appear and 
r e d ~ ~ c e s  saturation. 

During heat treatment! Mn3+ is reduced to 
Mn2+ (but Cu2+ is unaffected). Thus! the 
llrubellitell component of the color is removed! and 
heat-treated Paraiba tourmalii~es are green or I1tur- 
quoisel' blue. 

We believe that the copper concentration 
found in the Paraiba tourmalines is among the 
highest reported in silicate minerals that do not 
contain copper as a major constituent (as coin- 
pared tol e.g. chrysocolla or dioptase). This raises 
the question of why copper occurs in these gem- 
quality tourmalinesl since this element is not 
often concentrated in silicate minerals. 

Copper concentration in a granitic pegmatite 
environment is also quite unusual. In the absence 
of additional information on the mineralogy and 
chemistry of this pegmatite! one can hypothesize 
that tourmaline must have provided the most 
favorable crystallographic site for copper incor- 
poration during crystallization of the pegmatite 
minerals, 

Standard gemological testing alone cannot 
provide evidence of the presence of copper or the 
use of heat treatment in Paraiba tourmalines. 
However! advanced analytical t e c h n i q ~ ~ e s ~  such as 
ultraviolet-visible absorption or X-ray fluores- 
cence spectroscopx can help identify the presence 
of copper (and hence this locality of origin). 
U.Y-visible spectroscopy can also reveal the pres- 
ence or absence of Mn3+ absorption bands to 
evaluate the lilzelihood of heat treatment. 
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N O T E S  
A N D  

N E W  T E C H N I Q U E S  

HYDROTHERMALLY GROWN SYNTHETIC AQUAMARINE 
MANUFACTURED IN NOVOSIBIRSK, USSR 
By Karl Schmetzer 

Physical, chemical, spectroscopic, and microscopic 
characteristics o f  a sample o f  hydrothermally grown 
synthetic aquamarine from the USSR are presented. 
Physical and spectroscopic data are correlated w i th  
the chemical composition o f  the synthetic beryl to 
establish cause o f  color. Diagnostic criteria to sepa- 
rate natural from synthetic aquamarine are given, 
and the growth conditions of this synthetic blue be- 
ryl are discussed. This i s  the first description of syn- 
thetic aquamarine in  the English gemological litera- 
ture. 

I n  the course of experimental investigations of 
Russian hydrothermally grown synthetic emer- 
alds (e.g., Schmetzer, 1988)) the author consulted 
with Dr. A. S. Lebedev, of the Institute of Geology 
and Geophysics, Siberian Branch of the USSR 
Academy of Sciences, Novosibirsk. Dr. Lebedev, 
who helped develop the hydrothermal synthesis of 
emeralds, gave the author several specimens of 
hydrothermally grown synthetic beryl doped with 
different transition metal oxides. For those syn- 
thetic beryl samples doped with cobalt, nickel, or 
copper, no natural counterparts are known. This is 
not the case, however, for the iron-bearing blue 
synthetic beryl that resembles the gem variety 
aquamarine. 

Although iron-doped synthetic aquamarines 
have been described in the Russian literature (e.g., 
Klyakhin et al., 1981; Pugachev, 1984), the speci- 
men received from Dr. Lebedev is the first syn- 
thetic aquamarine the author has seen. At present, 
there is no commercial production of synthetic 

aquamarine in the USSR, although such produc- 
tion is planned for several new gem materials (Dr. 
A. Rodionov, Novosibirsk, pers. comm., 1989). 
Since there is no technical obstacle to a commer- 
cial synthesis of aquamarine in the USSR, it is 
possible that this will be one of the materials 
released. Accordingly, this article provides what 
the author believes to be the first description of 
synthetic aquamarine available in the English 
gemological literature. 

MATERIALS AND METHODS 
The rough specimen of synthetic light blue beryl 
examined (figure 1) was a slice of a crystal that 
measured about 1 cm in diameter. One 0.29-ct 
rectangular faceted sample (figure 2) was cut from 
the crystal slice. 

Refractive indices were obtained by a standard 
gemological refractometer, and specific gravity 
was determined hydrostatically. Unit-cell parame- 
ters were determined by X-ray powder diffraction 
using a Guinier camera and refined from 27 mea- 
sured d-values. Microprobe analysis was per- 

- 
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Figure 1.  The rough synthetic aquamarine crys- 
tal from which this 1-cm-diameter slice was 
cut was hydrothermally grown at the Institute 
of Geology and Geophysics, Novosibirsk, USSR. 
A view parallel to the c-axis reveals the pres- 
ence of three distorted prism faces 121 (1010) . 
Crossed polarizers, magnified 30 x . 

formed on an ARL SEMQ instrument with an 
operating voltage of 20 1zV and a beam current of 10 
nA; values were calculated by the MAGIC IV 
correction program provided by the manufacturer. 
Spectral -data in the U.V-visible range were ob- 
tained with a Leitz-Unicam Model SP.800 spec- 
trophotometer, and infrared spectra were obtained 
with a Perlzin Elmer Model IR 180 infrared spec- 
trometer. Photomicrography was performed on a 
Schneider immersion microscope with Zeiss op- 
tics. 

VISUAL APPEARANCE 
The sample revealed three highly distorted prism 
faces m (1010), as well as one nearly planar surface 
that had been sawn parallel to the boundary of the 
synthetic aquamarine with the colorless beryl 
seed. This boundary is at a 32' angle with the 
c-axis of the synthetic beryl crystal. The light blue 
faceted piece has a pleochroism of medium intense 
blue parallel to the c-axis and light yellowish green 
perpendicular to the c-axis. 

PHYSICAL, CHEMICAL, AND 
SPECTROSCOPIC PROPERTIES 
Optical and Physical Properties. The specific grav- 
ity (measured as 2.69 and calculated as 2.694) and 
refractive indices (o  = 1.583, e = 1.575, birefrin- 
gence = 0.008) of the sample of synthetic light blue 
beryl examined are within the range known for 
natural aquamarines. The unit-cell dimensions of 
this particular synthetic aquamarine (an = 9.224 
A, c,, = 9.200 A, cla = 0.9974 A) are identical, 

Figure 2. A 0.29-ct stone (4.61 x 4.57 x 2.06 
m m )  was faceted from the synthetic aqua- 
marine slice shown in figure 1. Photo by 
0. Medenbach, Bochum, Germany. 

within the limits of experimental error, to those 
reported by Pugachev (1984). 

Chemical Analysis. A chemical analysis of the 
specimen was provided by the producer (table 1). 
These data are identical to those reported for the 
synthetic aquamarine described by Pugachev 
(1984) as sample No. 131 and suggested that the 
sample received from Novosibirsk was part of 
Pugachev's specimen No. 131; this was subse- 
quently confirmed (A. S. Lebedev, pers. comm., 
1989). 

Microprobe analyses performed for this study 
confirmed the chemical properties submitted by 
the producer and reported by Pugachev (table I), 
with one small but remarkable difference: The 
distinct amounts of nickel detected in this sample 
were not mentioned by Pugachev (1984). 

It is worth noting here that the high Fe content 
of these synthetics is accompanied by low Mg and 
Na. By comparison, while these same elements can 
vary considerably in natural aquamarines, it is the 
author's experience that high Fe contents usually 
correlate with high Na and Mg in the natural 
stones. 

Spectroscopy. Absorption spectra in both the visi- 
ble and ultraviolet ranges revealed the presence of 
distinct absorption bands of iron and nickel (table 
2, figure 3; cf. Schmetzer, 1988), which is consis- 
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TABLE 1. Chemical composition of a hydrothermally 
grown synthetic aquamarine from the USSR (in wt.%). 

As provided by 
manufacturer and 

This study (range of 5 published in 
microprobe a n a l y ~ e s ) ~  Pugachev (1984) Oxide 

Li20 
Be0 
Na,0 

A12Â° 

SiO, 

Fe203b 

Ni203b 
c u o  
H,0 

WgQ K.,0, CaO, and Cs,0 were found to be below detection 
limits (<0.02 wl%), as were MnO, V703, and Cr& (<0 01 wl%) 
NA = not analyzed; NO = not determined. 
bTotal iron as F e p 3  and total nickel as Ni,?03. 

tent with the chemical data (table 1). Infrared 
spectroscopy confirmed the presence of water 
molecules and lithium ions in channel sites of the 
beryl structure (figure 4)  and, therefore, the hydro- 
thermal origin of the sample (cf. Schmetzer, 1989). 
The infrared spectra revealed three absorption 
maxima, at 3694 cm-1 (designated band A, as- 
signed to non-alkali-bonded water molecules) and 
at 3592 cm-  1 and 3655 cm-  1 (designated bands B 
and C, both assigned to alkali-bonded water mole- 
cules). The presence of lithium in channel sites is 

Figure 3. The U. V-visible absorption spectrum 
of the sample of synthetic aquainarine reveals 
typical aquamarine absorption bands, caused 
by ferric and ferrous iron, on which a weak 
nickel spectrum is superimposed (not visible at 
scale illustrated). 
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TABLE 2. Spectroscopic features of a hydrothermally 
grown synthetic aquamarine from the USSR. 

Absorption maxima 
Polarizations Assignmentb 

n m c m - I  

833 12,000 I c  Fe^/oct. 
820 12,200 Lc Fe^/tet. 

752-599 13,300-1 6,700 I c  Fe2+/3+/oct. 
606 16,500 ' I c  Ni3+/oct. 
595 16,800 I c  Ni3+/0ct. 
455 22,000 Lc Ni3+/oct. 
426 23,500 I , =  LC Fe3 +/oct. 
413 24,200 Lc Ni3+/0ct. 
370 27,000 L c ^ ^ 1  1 c Fe3 + /oct . 

a l  lc = parallel to c-axis, and LC = perpendicular to c-axis 
"See Schmetzer 1988 

confirmed by the absence of distinct amounts of 
sodium (again, see table 1). In general, these spectra 
are typical of those that have been measured for 
natural aquamarines from various localities. 

Figure 4. The infrared absorption spectrum of 
the sample of synthetic aquamarine reveals ab- 
sorption bands of non-alkali-bonded (A) and al- 
kali-bonded ( B  and C)  water molecules, which 
prove the hydrothermal origin of the sample. 

3500 3800 
WAVENUMBER (cm- l )  
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Figure 5. In the faceted sample of  Russian hy- 
drothermally grown synthetic aquamarine. 
"feathers" consisting of either liquid or two- 
phase inclusions are found in both the seed 
(above) as well as in the light blue portion (be- 
low). Immersion, magnified 40 x . 

- 
Figure 7. The cellular pattern of the subgrain 
boundaries described in figure 6 is similar to 
that described for synthetic emeralds that have 
been hydrothermally grown in the USSR. Im- 
mersion, magnified 60 x . 

MICROSCOPIC CHARACTERISTICS 
Microscopic examination revealed a distinct 
boundary between the almost-colorless seed and 
the synthetic light blue beryl. The similarity in 
growth features and inclusions between the seed 
and the synthetic aquamarine grown from it sug- 
gested that the seed is also a synthetic hydrother- 
mally grown beryl (figure 5). The fact that the seed1 
synthetic aquamarine boundary formed an angle 
of about 32' with the c-axis of the synthetic beryl 
indicates that the seed plate used had been sawn 
parallel to the face (5 5 10 6) . The same seed-plate 
orientation was observed for hydrothermal syn- 
thetic emerald grown in the USSR (Schmetzer, 
1988). 

Notes and New Techniques 

Figure 6. Irregularly changing subgrain bound- 
aries between subindividuals in  Russian hydro. 
thermally grown synthetic aquamarine are 
among the diagnostic characteristics of this 
material that can be used to distinguish it from 
natural aquamarine. Immersion, magnified 60 x . 

Figure 8. The sample hydrothermally grown 
synthetic aquamarine was also observed to 
contain groups of doubly refractive transparent 
inclusions as well as opaque hexagonal plate- 
lets. Immersion, crossed polarizers, magnified 100 x , 

In the immersion microscope, extremely weak 
growth zoning was observed in the synthetic 
aquamarine parallel to the boundary with the seed 
plate. Although this zoning is much weaker than 
the distinct growth and color zoning noted in 
synthetic Russian emerald from the USSR, in 
oblique orientation to this plane there can be 
observed subgrain boundaries between subin- 
dividuals (figure 61, as well as a typical cellular 
structure (figure 7) that has also been described for 
the hydrothermally grown synthetic emerald. 

The synthetic aquamarine examined con- 
tained several groups of small, doubly refractive 
crystals as well as several hexagonal opaque plate- 
lets, possibly hematite (figure 8; cf. Schmetzer, 
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1988, and Klyakhin et al., 1981). Irregularly shaped 
cavities with multiphase fillings were also ob- 
served, as were two different types of "feathers": 
nearly planar "feathers" with liquid and two-phase 
fillings, and residues of the growth solution 
trapped in the form of twisted veil-like "feathers" 
(again, see figure 5). 

DISCUSSION 
Crystal Chemistry and Color. The iron absorption 
bands observed in the visible and ultraviolet spec- 
tra of this synthetic sample are typical of those 
seen in natural aquamarine. Three different types 
of iron are responsible for the blue coloration of 
aquamarine (for further details as well as for a 
summary of the literature, see Schmetzer, 1988). 
According to Solntsev et al. (1984, 1985)) the 
synthetic-aquamarine spectrum described here 
reveals absorption bands of divalent and trivalent 
iron in octahedral aluminum sites as well as bands 
of divalent iron in tetrahedral beryllium sites 
(table 2). The blue color of the sample is due to a 
strong and broad absorption in the red and yellow 
areas, which is assigned to a charge-transfer transi- 
tion between ferric and ferrous iron replacing 
aluminum in adjacent octahedral sites of the beryl 
structure. 

In the synthetic specimen examined here, 
weak absorption bands of trivalent niclzel (table 2, 
figure 3) were found superimposed on the normal 
aquamarine absorption spectrum. Because the 
niclzel doublet in the spectrum parallel to the 
c-axis at 606 and 595 nm-i.e., in the yellow to 
orange range-is superimposed on the dominant 
color-causing Fe^/Fe^ charge-transfer band, it 
intensifies the blue coloration. On the other hand, 
the niclzel absorption band in the spectrum per- 
pendicular to the c-axis at 455 nm-i.e., in the blue 
to bluish green range - is responsible for an absorp- 
tion minimum in the green. Thus, the light blue 
coloration of nickel-free natural aquamarine is 
converted to a light yellowish green in the nickel- 
bearing synthetic specimen examined. 

The presence of water and lithium in combina- 
tion with the absence of sodium (table 1) indicated 
assignment of the absorption bands in the infrared 
between 3500 cm- 1 and 3800 cm- 1 to non-allzali- 
bonded and lithium-bonded water molecules in 
channel sites of the beryl lattice (Schmetzer, 1989). 
However, it is also generally accepted that part of 
the lithium replaces beryllium in tetrahedral sites. 
These basic crystal chemical considerations are 
confirmed by the unit-cell dimensions of the 

synthetic aquamarine, the cla value of which is 
typical for "normal" beryl, in which both octa- 
hedral and tetrahedral substitutions occur to a 
limited extent (Aurisicchio et al., 1988). 

GROWTH CONDITIONS OF 
SYNTHETIC AQUAMARINES 
According to the Russian literature (Klyalzhin et 
al., 1981; Pugachev, 1984; Solntsev et al., 1984, 
1985), the synthetic aquamarine is grown in stain- 
less steel autoclaves without noble metal inserts. 
The following growth conditions were published: 
temperature, 590Â°-610Â° temperature gradient, 
70Â°-130Â° and pressure, 1000-1500 bars. Since 
nutrient oxides of beryllium, aluminum, and sili- 
con are used, the high iron content (and the small 
amount of nickel, as has been confirmed by A. S. 
Lebedev, pers. comm., 1989) must derive from the 
walls of the steel autoclaves. As mentioned above, 
the seed used is probably a synthetic colorless 
beryl. The synthetic crystals grow at a rate of 0.32 
mm per day. 

To grow blue aquamarine rather than iron- 
bearing colorless beryl, the process must incorpo- 
rate large amounts of divalent iron (Fez+) into 
octahedral sites of the lattice. This is accom- 
plished by adding to the solution variable quan- 
tities of iron-carbonyl (to reduce oxygen partial 
pressures) and lithium salts (to provide the charge- 
compensating ion). According to the Russian liter- 
ature cited, colorless iron-bearing beryl is grown at 
oxygen partial pressures above the hematitelmag- 
netite equilibrium, and aquamarine is obtained in 
the wide field of magnetite stability below the 
hematitelmagnetite line. The most intense colora- 
tion was obtained for beryl samples grown under 
oxygen partial pressures in the magnetite stability 
field close to the magnetiteliron equilibrium. 

The aquamarine sample examined in the pre- 
sent paper reveals a light blue coloration. The 
identical specimen reported by Pugachev (1984) 
was grown at about 600Â° under an oxygen partial 
pressure of lgPo7 -25 (Pugachev, 1984; figure 9). 

The conditions used by Russian scientists to 
grow hydrothermal synthetic aquamarine are sim- 
ilar to those they have used to grow hydrothermal 
synthetic emerald (Schmetzer, 1988). It is likely 
that identical or almost identical steel autoclaves 
without precious metal inserts are used, as are 
similar pressures, temperatures, and temperature 
gradients. The same orientation of the seed plates 
is chosen for both. The most important differences 
are the absence of divalent iron in synthetic 
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Figure 9. Synthetic iron-bearing beryl was 
grown at the four positions marked on this 
pressure-temperature diagram adopted from 
Pugachev (1  984). The samples in group 1,  grown 
under ok/gen partial pressures above the hema- 
tite/maghetite (Fe203/Fe&) equilibrium line, 
are colorless. The samples in groups 2, 3, and 4, 
grown atedecreasing oxygen partial pressures in 
the magnetite stability field, reveal increasing 
intensities of blue color. The specimen exam- 
ined for this article probably belongs to group 3. 

emerald, and the absence of chromium and of high 
amounts of copper and nickel in synthetic aqua- 
marine. These differences would appear to be the 
result of the different oxides used as nutrients 
during growth as well as the different oxygen 
partial pressures. 

DISTINCTION OF NATURAL FROM 
SYNTHETIC AQUAMARINE 
The most characteristic features of this synthetic 
aquamarine are the growth structures, that is, the 
subgrain boundaries between cellular subin- 
dividuals (figures 6 and 7)) which are caused by the 
orientation of the seed plate parallel to the crystal 
face (5 5 10 6). Also readily visible with the 
microscope, when they are present, are residues of 
the seed plate (figure 5) and small opaque platelets 
(figure 8). Doubly refractive crystals (figure 8), 
cavities with multiphase fillings, and various 
types of planar and twisted feathers (figure 5) may 
also be conclusive in some cases. 

The observation of nickel bands in the visible 

range of the absorption spectrum (figure 3) is 
another clue to the recognition of a blue beryl of 
unknown origin as synthetic aquamarine. Unfor- 
tunately these features are too weak to be seen 
with a hand spectroscope. These traces of nickel 
are caused by the use of stainless steel autoclaves 
without precious metal inserts. Of course, if a 
different type of autoclave were to be used in 
future production, this criterion could be changed. 
If chemical data can be obtained, the absence of 
distinct amounts of sodium and magnesium in 
combination with a high iron content (table 1) also 
indicate that the material is synthetic aquamarine. 

Specific gravity, refractive index, and the infra- 
red spectrum of the hydrothermally grown syn- 
thetic aquamarine from the USSR are all within 
the ranges for natural aquamarines. 

SUMMARY AND CONCLUSION 
Synthetic aquamarine has been manufactured in 
the USSR for experimental purposes. No technical 
obstacles to the commercial growth of synthetic 
aquamarine are known. The growth technique is 
similar to that used to manufacture hydrothermal 
synthetic emeralds in the USSR. The color is the 
result of a charge-transfer process. The synthetic 
aquamarine examined showed several micro- 
scopicfeatures that would serve to separate it from 
its natural counterpart. 

REFERENCES 
Aurisicchio C., Fioravanti G., Grubessi O., Zanazzi RE (1988) 

Reappraisal of the crystal chemistry of beryl. American 
Mineralogist, Vol. 73, pp. 826-837. 

Klyakhin VA,, Lebedev A.S., ll'in A.G., Solntsev Ill? (19811 
Growing of hydrothermal beryl [in Russian). Sintez i 
Vyrashchivaiiie Optich. Kristallov i Yuvelir. Kamnei, 
Novosibirsk 198 1, pp. 45-66. 

Pugachev A.1. (1984) Effect of Po on structural impurities of 
iron in hydrothermal beryl (in Russian). Fiziko-Khimiya 
Issled. Sul'fidnykh Silik. Sist., Novosibirsk 1984, pp. 
8 7-93. 

Schmetzer K. (1988) Characterization of Russian hydrother- 
mally-grown synthetic emeralds. Journal of  Gemmology, 
Vol. 21, No. 3, pp. 145-164. 

Schinetzer K. (1989) Types of water in natural and synthetic 
emerald. Neues [ahrbuch fiir Mineralogie Monatshefte, 
No. 1, pp. 15-26. 

Solntsev VP, Bukin G.V, Klyalchin VA., Lokhova G.G., 
Pugachev A.I. (1984) Nature of color centers and EPR of 
iron-containing beryls (in Russian). Fiziko-Khimiya Is- 
sled. Sul'fidnykh Sililz. Sist., Novosibirsk 1984, pp. 
109-119. 

Solntsev Vl?, Bukin G.V, Lokhova G.G., Veis N.S. (1985) EPR 
and optical absorption spectra of iron-containing beryls [in 
Russian]. Akademiya Nauk SSSR Sibirskoye Otdeleniye, 
Trudy Instituta Geologii i Geofiziki. Izdatel'stvo "Nauka" 
Moscow; USSR, Vol. 610, pp. 128-134. 

Notes and New Techniques GEMS & GEMOLOGY Fall 1990 21 1 



RECENT DISCOVERIES OF LARGE DIAMONDS 
IN TRINITY COUNTY, CALIFORNIA 
By Rudo lph  W Kopf, Cornel ius  S. Hur lbu t ,  a n d  John I. Koivula 

Although California has produced over 600 dia- 
monds, some of which have been of gem quality, the 
largest until recently weighed approximately 6 ct.  In 
the early 1980s, however, Edgar 1. Clark found a 3.90- 
ct stone; in  1987, he  discovered three stones weighing 
32.99, 17.83, and 14.33 ct. These four diamonds were 
recovered from stream gravels of Hayfork Creek i n  
Trinity County, California. All four are of industrial 
grade and all have one interesting feature in  com-  
mon,  that is, t w o  generations of diamond growth. 
The  initial crystal, or group of crystals, i s  encrusted 
b y  a later generation of diamond overgrowth that, al- 
though i t  conforms crystallograpl~ically t o  the under- 
lying crystal, shows different crystal forms. This  un-  
usual feature, common t o  all four crystals, would i n -  
dicate that they originated from the same source. 

During the 1 9 8 0 ~ ~  Edgar J. Clarlz, a retired geolo- 
gist and miner, recovered four large diamonds, 
three of record-breaking size, in northern Califor- 
nia. According to Mr. Clarlz, all were found on 
Hayfork Creek, in the Trinity County portion of 
the Klamath Mountains. The first and smallest, 
found in the early 1980s, weighed 3.90 ct. Burton 
Westman, a consulting geologist in Boulder City, 
Nevada, examined the stone and confirmed its 
identity as diamond. Mr. Clarlz has since named 
the diamond "Jeopardy." 

-- 
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On January 4, 1987, while demonstrating the 
art of gold panning to a novice, Mr. Clark made his 
next find: a 14.33-ct diamond that, because of its 
accidental discovery, he named "Serendipity." Six 
months later, on June 12, he recovered a third 
diamond, of 32.99 ct. Over twice the size of 
Serendipity, this exciting stone was dubbed "Dou- 
bledipity." Most recently, in September 1987, Mr. 
Clarlz found yet a fourth large diamond, a 17.83-ct 
stone that he named "Enigma." None of the four 
diamonds is of gem quality, but all have similar 
external characteristics. The specific gravities of 
all four stones, as determined by hydrostatic 
weighing, lie within 3.510 Â 0.005, which is 
typical for diamond. The diamonds are presently 
on loan to the Mineralogical Museum at Harvard 
University. 

This article reports on an examination of these 
four diamonds and their significance both histori- 
cally and geologically, especially with regard to the 
information they provide on the original source of 
diamonds found in this area. 

PREVIOUS DIAMOND 
DISCOVERIES I N  CALIFORNIA 
More than 600 diamonds have been found in 
California since the first was discovered near 
Placerville, El Dorado County, in 1848 (Kopf, 
1989). Most of these are very small, less than 1 ct, 
and only a few, like the 0.24-ct octahedron shown 
in figure 1, are of gem quality. The most notable 
California diamonds are listed in table 1. Until Mr. 
Clark's discoveries in Trinity County, the largest 
diamond found in the state weighed approximately 
6 ct. 

An anonymous item published in the M i n i n g  
a n d  Scienti f ic  Press ("Diamonds in Trinity Co., 
Cal.," 1871) reveals, however, that Mr. Clarlz may 
not have been the first to discover a large diamond 
in Trinity County. The entry describes the finding 
by I. Woodbury of a "queer looking pebble" while 
mining in the Weaverville area of Trinity County 
in the late 1860s. The stone was described as 
''having a glazed metallic coating. The crust was 
broken off on one side . . . revealing the grain of the 
stone." Mr. Woodbury subsequently became con- 
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Figure 1 .  This 0.24-ct gem-quality diamond 
octahedron from Trinity County, California, 
was discovered as a by-product of gold panning 
in  1974. Photomicrograph b y  John 1. Koiv~~la.  

, 
vinced that the stone, described as "half an inch or 
more in diameter," was a diamond. At that size, 
and assuming it was a diamond, it probably 
weighed between 10 and 15 ct. Unfortunately, the 
stone was subsequently lost. The significance of 

this report, however, will become apparent from 
the following descriptions of Mr. Clark's discov- 
eries. 

THE FOUR LARGE TRINITY 
COUNTY DIAMONDS 
The four large diamonds found by Mr. Clark in 
Trinity County are described below and summa- 
rized in table 2. 

Jeopardy. The 3.90-ct diamond crystal that Mr. 
Clark first discovered measures 9.19 x 8.36 x 
6.99 mm (figure 2). This diamond consists of two 
parts with different surface features. About two- 
thirds of the crystal is encrusted with a yellow- 
brown semitranslucent to nearly opaque over- 
growth that is inert to U.V radiation. The other 
portion is yellow, translucent, and fluoresces a dull 
yellow to long-wave U.V but does not phospho- 
resce. 

Two surfaces of the encrusted portion are 
essentially square and at right angles to each other, 
while a small third surface is at right angles to 
them. This leads one to suspect that the underly- 
ing faces are cubic. Measurements made on a two- 
circle goniometer indicate that this is indeed the 
case, since not only were reflections from the 
overgrowth parallel to underlying "cubic" surfaces 
but reflections from tiny octahedral and do- 
decahedral surfaces were as well. The reflections 

TABLE 1. The four largest authenticated California diamonds reported in the literature prior to 
1980 (listed in order of decreasing weight). 

Weight Weight 
given in (in metric Year 
reference carats) found Finder Locality Reference 

0.53 grams 

John Moore Cherokee, Butte Hill, 1972, p, 43 
Co. 

Robert Echols Near Plymouth, Sperisen, 1938, p. 39; 
Amador Co. Woods, 1986, p. 186 

7'14 grainsa 2.3 1867 Unknown French Corral, Whitney (in Silliman, 
or earlier Nevada Co. 1867, p. 355) 

255 mg 1.28 1883 George Evans Amador Co. "Diamonds in 
California," 1959, pp. 
26, 28; Hill, 1972, p. 41 

'Many reports published during the last century state that the largest California diamond was found in 

French Corral, Nevada County, and report its weight between 7 and 7.5 ct. In reality, the weight ot the 
stone was originally reported by Whitney (in Silliman, 1867) as 7'1s grains. The weight of the stone was 
erroneously given by Kunz (1885, p. 730) as 7'1: ct, an error that has been perpetuated for over 100 years. 
This error was discovered by one of the authors (RWK) in 1988 during a search of the literature. 
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TABLE 2. Comparison of  large diamonds found by Edgar J. Clark in Trinity County, California. 
Listed in order of decreasing weight. 

Date of Weight Measurements 
Name find (ct) (mm) Color Surface 

Doubledipity June 1987 32.99 21.27 x 1 5 . 1 0 ~  14.76 Moderate yellowish Rough, 
brown encrusted 

Enigma 

Serendipity 

Jeopardy 

September 1987 17.83 19.72 x 15.33 x 9.95 Grayish brown 

January 1987 14.33 16.25 x 12.64 x 10.60 Pale grayish olive 
green 

Rough, 
encrusted 

Rough, 
encrusted 

Rough, 
partially 
encrusted 

Figure 2, The 3.90-ct crystal subsequently 
named Jeopardy is  the first of four large rough 
California diamonds discovered by  Edgar Clark 
i n  Trinity County i n  the 1980s. Photo b y  
Robert Weldon. 

from a given crystal form were not from a well- 
defined face but were seen at the same angular 
position as many points of light from the irregular 
overgrowth. 

The portion of the stone with no overgrowth 
has no well-defined crystal faces, but reflections 
from small areas show that it and the overgrown 
portion have a parallel crystallographic orienta- 
tion. At the junction of the two different-appearing 
parts, the overgrowth terminates with no indica- 
tion of fracturing. 

Serendipity. Mr. Clark's identification of this 
14.33-ct pebble as a diamond was verified at the 

GIA Gem Trade Laboratory in Santa Monica. A 
brief description of the stone was given in Koivula 
(1987). 

Serendipity is pale grayish olive green. It fluo- 
resces a weak brown to long-wave U.V radiation 
and a weak reddish brown to short-wave U.V No 
phosphorescence was observed in either situation. 

Macroscopically, this diamond is semitranslu- 
cent with an almost greasy adamantine luster 
(figure 3). At first glance, it appears to be composed 
of a number of irregular nodular masses with a 
rough surface and no obvious crystal form. On 
closer inspection, however, one can discern that 
the bulk of the specimen is composed of at least 
seven randomly intergrown cubes, the largest of 
which is about 5 mm on an edge. The rough 
surfaces and rounded edges and corners of the 
cubes are the result of an irregularly distributed 
overgrowth of diamond that tends to obscure the 
cubic form of the underlying diamond crystals. 
There is no direct means to measure the thickness 
of the overgrowth. However, since the cubic nature 

'The two-circle optical goniometer is an instrument used to 
measure crystal angles. A collimated light beam is reflected 
from successive faces as the crystal is turned. The reflec- 
tions are observed through a telescope and the angles of  re- 
flection read from two graduated circles. The crystal form of 
the specimen can then be identified from the known angu- 
lar positions of ihe faces. For the present study, the diamond 
specimens were mounted on the goniometer so that what 
appeared to be underlying cube faces were in positions to 
reflect the light beam. By rotating on both vertical and hori- 
zontal axes of the instrument, all faces (on the upper half of 
the crystal) were brought into positions to reflect. In these 
diamonds, the tiny faces of  a given crystal form on the crys- 
talline overgrowth all reflect simultaneously at angles con- 
sistent with those of single isometric crystals and conform 
crystallograpl~ically to the underlying cubes. Were the over- 
growths polycrystalline aggregates, the reflections from the 
faces of the encrusting crystals would be random. 
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Figure 3. With a weight of 14.33 ct, Serendipity 
is the third largest diamond found to  date in 
the state of  California. Photo by 
Robert Weldon. 

of the primary crystals in this diamond is less 
evident than in the 3.90-ct stone, it is presumed 
that the overgrowth is thicker, and possibly as 
thiclz asÃ§Z<nm When viewed in reflected light, the 
overgrowth gives reflections from a multitude of 
tiny, step-like crystal faces. Measurement on the 
two-circle goniometer showed that all faces of the 
overgrowth on a single "cube" have common 
angles of reflection, those of the octahedron. 

Doubledipity. This diamond, the largest yet to be 
reported from California, is approximately 33 ct 
(32.99) and measures 21.27 x 15.10 x 14.76 mm 
(figure 4). It is a moderate yellowish brown but 
lacks the adamantine luster usually associated 
with diamond. It is opaque except on the edges, 
where it is translucent, and does not fluoresce to 
either long- or short-wave U.V radiation. 

Examination of the stone shows that it is 
composed essentially of seven interpenetrating 
cubes that are in random crystallographic orienta- 
tion to one another. The bulk of the aggregate 
comprises three cubes of nearly equal size (10.0 to 
10.6 mm on an edge). Four smaller cubes are about 
5 mm on an edge. The cuboid surfaces are, with the 
exception of one small area, completely encrusted 
with an overgrowth of small diamond crystals. 
Because of the larger size of the primary crystals 
and, presumably, a thinner and more uniform 
secondary overgrowth, their cubic habit is more 
obvious than in the 14.33-ct stone (Serendipity]. 
The corners and edges of the stone's surface are 

rounded by the overgrowth. When the diamond is 
examined in reflected light with both the micro- 
scope and the two-circle goniometer, there is no 
reflection from the faces of the cubes, but brilliant 
reflections do occur from their corners (the octa- 
hedron). Other reflections, as in the 14.33-ct stone, 
are not from single faces but are from a myriad of 
tiny surfaces of parallel octahedral faces. Thus, the 
secondary coating of this stone, too, consists of a 
parallel growth of octahedral crystals conforming 
crystallographically to the underlying cubes. 

The encrusting overgrowth on one of the large 
cubes is locally absent and forms a depression, 
about 6 x 7 mm, where three nearly plane surfaces 
intersect at a common point. The angles between 
these intersecting planes, measured on a wax 
impression of the cavity, are 120Â° the angles of the 
dodecahedron. From this we infer that a dod- 
ecahedral crystal, which had grown either before 
or contemporaneously with the diamond cubes, 
had separated from the cluster after the diamond 
became encrusted. Since the core of the diamond 
aggregate is composed of crystals with a cubic 
habit, the faced cavity probably resulted from the 
displacement of a different mineral with different 
crystal form, possibly a garnet. At the edges of this 
cavity, the encrustation can be observed to be 
approximately 0.5-1.0 mm thiclz. 

In two areas [the larger about 2 x 3 mm) on the 
surface of Doubledipity, the encrusting diamond 
appears to be underlain by fractures that partially 
separate the crust from the main mass. The fact 

Figure 4. At 32.99 ct, Doubledipity is the larg- 
est diamond yet recovered in California. Photo 
by Robert Weldon. 
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that these areas are yellow suggests that the entire 
aggregate may be yellow and appears brown be- 
cause of its greater thickness. 

Enigma. Mr. Clark's latest find is a 17.83-ct tabular 
stone that is roughly in the shape of an equilateral 
triangle. It is grayish brown and semitranslucent 
to opaque (figure 5). Microscopic black specks 
scattered throughout the specimen contribute to 
the grayish appearance. The broad surfaces are 
encrusted with a diamond overgrowth that is fine- 
grained and regular on one side. On the opposite 
side, a small area has a similar overgrowth made 
up primarily of overlapping hummocks rising 
about 4 mm above the essentially planar surface. 
Two of the bounding edges of the triangular stone 
are cleavage surfaces, which indicates that the 
stone was originally larger. When the stone was 
exposed to short-wave U.V radiation, the cleavage 
surfaces fluoresced yellow, the encrustation 
brown; but to long-wave U.V, all parts of the stone 
fluoresced a brilliant yellow. There was no phos- 
phorescence. 

The triangular shape suggests that, before the 
overgrowth, the stone was an octahedron flattened 
on an octahedral face. The angular relationship of 
the relatively flat triangular surface to the octa- 
hedral cleavages supports this hypothesis. The 
surface of the overgrowth is a multitude of tiny 
crystal faces, many unidentified. But, assuming 
that the overgrowth conforms crystallographically 
to the underlying crystal, the strongest reflections 

Figure 5, The 17.83-ct stone called Enigma is 
the most recent large diamond discovered in  
California. Photo by  Robert Weldon, 

are from the octahedron and the cube. The most 
impressive evidence that the two generations of 
diamond are in parallel position is that the cleav- 
age surfaces pass uninterrupted through both the 
original crystal and the encrusting hummocks. 

The cleavage surfaces are not single planes but 
are composed of a mosaic of small surfaces 0.5-3 
mm2, each of which is disoriented lo-2O with 
respect to its neighbors. This shows that the. 
original crystal, and probably the overgrowth as 
well, is made up of many small subparallel crystal- 
line units. An unresolved problem presented by the 
two bounding cleavages is that they are at 60Â to 
one another rather than at 90Â° as they should be for 
a single crystal. This suggests that the stone is 
twinned with one cleavage belonging to each of the 
two individuals, but the overgrowth prevents loca- 
tion of the twin plane. 

SOURCE 
Many early published reports of California dia- 
monds note the presence of microscopic diamonds 
in black sand in the Trinity River. Inasmuch as the 
river flows through both Trinity and Humboldt 
Counties, it is not readily apparent which county 
or counties yielded these historic diamonds. Sper- 
isen (1938, p. 40) reported that they were in the 
Trinity County portion, whereas Hanks (1870, p. 
162) cited the lower Trinity River, considered by 
later compilers to have been in Trinity County, as 
the source. Originally part of Trinity County in 
1850, however, the lower Trinity River region was 
reassigned to northern Humboldt when that 
county was created in 1853 (Beck and Haase, 1974, 
p. 62). Murdoch and Webb (1948, p. 131) describe 
the Trinity County (actually Humboldt County] 
diamonds as "many" and "minute," yet MacFall 
(1963, p. 94) cites Joseph Murdoch as the source of a 
report of a 2-ct diamond found near the junction of 
the Trinity and Klamath Rivers in Trinity County. 

The four large stones found by Mr. Clark were 
recovered from auriferous sand and gravel on 
Hayfork Creek (figure 61, a tributary of the south 
fork of the Trinity River in Trinity County. Re- 
cently, a number of minute transparent stones 
have also been recovered from this area, specifi- 
cally, from auriferous sand and gravel on Hayfork 
Creek (E. J. Clark and B. Carlson, pers. comms., 
1987); on the east fork of the Trinity River at 
Helena (M. MacDonald, pers. comm., 1988); on 
Canyon Creek (E. J. Clark, pers. comm., 1987); and 
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cretaceous Great Valle 
sequence 

Western Jurassic terrain 

Western Paleozoic and 
Triassic terrain 

Central metamorphic 
terrain 

A Thrust fault (sawteeth on 
upper plate) 

on other tributaries of the Trinity River in Trinity 
County (figure 7). 

Hayfork Creek has yielded not only the largest 
diamonds found in the western United States but 
also considerable quantities of coarse-grained plat- 
inum-group metals. In fact, it was the principal 
source of the nation's platinum production around 
the turn of the century (Day, 1898). 

Hershey (1902) described five isolated erosion- 
al remnants of Early Cretaceous strata in the 
Hayfork-Weaverville area of Trinity County. These 

Figure 6.  Four lurge dia- 
monds huve been found 
in Trinity County in 
northern California, 
along Hayfork Creek, a 
tributary of the Trinity 
River. Artwork by Carol 
Winkler; geology based 
on Irwin (1972). 

rocks have subsequently been designated part of 
the Great Valley sequence (Irwin, 1963, 1974, 
1985; Jones and Irwin, 1971; and Irwin et al., 1974, 
1985). The basal portion of these outliers is over- 
lain by marine conglomerate rich in well-rounded 
and well-sorted quartz pebbles and contains placer 
gold (Hershey, 1902, p. 36). Interestingly, the dia- 
monds found by Mr. Clark and Mr. MacDonald 
were recovered near or downstream from such 
Cretaceous erosional outliers. This suggests that 
the Cretaceous conglomerate is a secondary source 
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Figure 7. This is a downstream view of Hayfork Creek in Trinity County, northern California, a typi- 
cal stream in the IZlamath Mountains. Diamonds, including the four large stones described here, as 
well as gold, platinum, and chromite, have been recovered from this creek. The largest stream boul- 
ders am about 3 m across and consist mainly of  Mesozoic mafic volcanic rocks. Here, the stream 
flows over the Triassic and Jurassic Rattlesnake Creek terrane of Irwin (1985). Photo by Rudolph W Kopf. 

of the placer diamonds in Trinity County. Accord- 
ing to this interpretation, the age of the lode or 
lodes must be Early Cretaceous or older. 

Another method of locating the diamond 
lode(s) is to determine the source of anomalous 
minerals associated with the placer diamonds. 
Gold appears to have been derived from gold- 
bearing quartz veins, and chromite and platinum- 
group minerals from podiform chromite deposits 
in the ultramafic portion of ophiolite complexes in 
the western Paleozoic and Triassic terrane (Irwin, 
1972; Page et al., 1986). Mr. Clark (pers. comm., 
1990) reports having recognized chrome diopside, 
rare crystals of highly rounded pyrope, and possi- 
bly perovskite from heavy mineral concentrates in 
placers in the drainage of the Trinity River in 
Trinity County. 

This coarse-grained placer mineral assemblage 

appears to occur sporadically in an arc-shaped 
north-trending belt that extends from Trinity 
County northward into Josephine County, Oregon. 
On the basis of available data, diamonds in Trinity 
County appear to have originated from this belt, 
here termed the Klamath Mountains diamond belt, 
which seems to coincide largely with the western 
Paleozoic and Triassic terrane or subprovince of 
Irwin (1974) and Ando et al. (19831, although other 
more distant source rocks cannot yet be ruled out. 

CONCLUSION 
The four record-sized California diamonds de- 
scribed herein have an unusual feature in com- 
mon, that is, a coarsely crystallized core encrusted 
with a fine-grained diamond overgrowth. In all of 
the cases, the overgrowth conforms crystal- 
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lographically to the underlying crystal. This 
would indicate that the four diamonds underwent 
the same physicochemical changes during crystal- 
lization and thus came from a common source. 
Although diamond aggregates are common, aggre- 
gates of cubic diamond crystals with octahedral 
overgrowths such as the 14.33-ct (Serendipity] and 
32.99-ct (Doubledipity) stones reported here may 
be unique to this locality. The account of Mr. 
Woodbury's 1860s find suggests that his stone was 

a similarly encrusted diamond and, further, that 
the larger diamonds of Trinity County are typ- 
ically encrusted. 

Gem and mineral prospectors in California 
and Oregon are encouraged to carefully examine 
their heavy mineral concentrates for diamonds. 
Moreover, those in Trinity County should watch 
for pale-colored, semitranslucent, rounded pebbles 
having a high luster and a rough surface. Such 
stones may also be diamond. 
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Dyed Natural BERYL 

The trade has given much attention 
recently to the "oiling" of emeralds, 
that is, the filling of surface-reaching 
fractures with balsam oil, Opticon, 
or another substance to lessen their 
visibility. In most such procedures, 
the filling material is colorless. 

The dyeing of green beryl is an 
ancient process whereby a green oil 
is introduced into the natural frac- 
tures to imitate emerald. From time 
to time, we see dyed green beryl or 
"emerald" melee lots in the labora- 
tory, but only rarely do we see green 
dye in larger stones. Recently, how- 
ever, the East Coast laboratory iden- 
tified green dye in a fracture in an 
8.38-ct natural "emerald" (figure 1). 
Figure 2 shows a patch of waxy green 
material (probably dop wax) left on 
the girdle of this relatively large "em- 
erald." Both of these materials would 
artificially enhance the color of the 
stone. 

Although we observed weak chro- 
mium lines in the Beck hand spectro- 

Figure 1 .  Green dye is evident 
in this fracture in an 8.38-ct 
beryl. Magnified 12 x . 

scope and a weak red reaction to the 
color filter, we could not determine 
the true body color of the stone 
because of the artificial coloring 
agents present. ~ o n s e ~ u e n t l y ,  the 
stone could only be identified as dyed 
natural beryl. DH 

Carved CHRYSOBERYL 

On occasion we see a well-known 
gem material used in an uncommon 
way. The West Coast laboratory re- 
cently saw a fine example of a carved 
horse's head made out of a piece of 
chrysoberyl (figure 3 )  that would 
have produced a cat's-eye if it had 
been cabochon cut. The carving mea- 
sured approxin~ately 20.3 x 28.7 x 
6.2 mm and weighed 31.04 ct. 

A spot reading of 1.75 on the refrac- 
tometer and a strong 445-nm absorp- 
tion band observed in the hand-held 
spectroscope confirmed the identity 
of the material. The stone was trans- 

Figure 2. Green wax (probably 
dop wax) was also observed in 
a cavity on the girdle of  the 
8.38-ct beryl. Magnified 25 x . 

lucent to semitranslucent and an 
uneven yellow-brown (with some 
greenish component). 

While no one area had a surface 
with enough curvature to display an 
eye, there was a strong sheen over the 
entire stone that gave rise to shim- 
mering bands of light along the con- 
tours of the carving. According to our 
client, the piece was carved in Idar- 
Oberstein, Germany. 

Shane F. McClure 

DIAMOND 

Electron Irradiated 
Electron irradiation of diamonds or- 
dinarily produces a blue or green 
color. When a 1.19-ct light bluish 
green round brilliant was recently 
submitted to the East Coast labora- 
tory, it appeared to be a stone that 
could owe its color either to natural 
irradiation- that is, alpha or beta and 
attendant gamma rays-or to labora- 
tory irradiation by neutrons. It is 
very often not possible to determine 
whether a green diamond has been 
artificially or naturally irradiated. 

It is known, however, that electron 
irradiation of diamonds may produce 
characteristic zoning, such as around 
the culet or girdle edge, or along keel 
lines or facet junctions. In the case of 
this 1.19-ct light bluish green dia- 
mend, immersion in methylene io- 

Editor's Note: The initials at the end of each 
item identity the contributing editor who 
provided that item. 

Gems & Gemology, Vol. 26, No. 3, pp. 220- 
227 
@ 7990 Gemological Institute of America 
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Figure 3. The chrysoberyl from which this 31.04-ct carving was 
fashioned is chatoyant. 

dide and examination over diffused 
illumination readily revealed the 
blue colcirdtion around the culet (fig- 
ure 4). The original body color of the 
diamond was probably a light yellow 
before treatment. The combination 
of the yellow body color and the blue 
treated zone produces the appear- 
ance of a bluish green diamond. 

For further information, see "Con- 
tribution to the Identification of 

Figure 4. The zone of blue 
color around the culet of this 
diamond, seen here immersed 
in methylene iodide, shows 
that this bluish green stone 
had been subjected to electron 
irradiati~n ̂ ""nifi~^ 6 x . 

Treated Colored Diamonds: Dia- 
monds with Peculiar Color-Zoned 
Pavilions," by E. Fritsch and J. Shigley, 
Gems &> Gemology, Summer 1989, 
pp. 95-101. 

The penetration of electrons into 
the diamond and the resultant color- 
ation is very shallow, only about 0.5 
nml. If a diamond treated in this 
manner were to be recut, the thin 
surface layer might be removed, thus 
altering the color. DH 

Fancy Black 
A 4.26-ct fancy black round bril- 
liant-cut diamond (figure 5) was ex- 
amined in the East C.oast laboratory 
and found to be natural color and 
electroconductive in certain areas. 
Ordinarily, such conductivity would 
indicate a rare type IIb diamond. 
Although gray diamonds are often 
IIb's, we have never encountered a 
type IIb black diamond. 

Exposure of the stone to long-wave 
ultraviolet radiation produced a dis- 
tinct patchy blue fluorescence (figure 
6) that was confined to clear areas of 
the diamond. The fluorescence 
changed to a chalky greenish yellow 
with exposure to short-wave U.V. 
These reactions indicate that the 

stone must be a highly included type 
I diamond. We subsequently con- 
firmed this conclusion with infrared 
spectroscopy. 

We concur with Kenneth Scarratt, 
head of the Gem Testing Laboratory 
of Great Britain, who speculated in a 
letter to the editor of the Journal of 
Gemmology (April 1990, p. 120) that 
the conductive property of such dia- 
monds is due to the black inclusions, 
which are probably graphite. GRC 

Laser Drill Hole Anomaly 
In the 20 years since the application 
of laser drilling to improve the clar- 
ity appearance of diamonds was first 
reported in this column (Fall 1970, p. 
224), we have noted numerous varia- 
tions in the use and appearance of 
laser drill holes. For instance, in one 
case obvious cleavages radiating out 

Figure 5. This 4.26-ct natural- 
color black diamond was 
found to be electrically con- 
ductive in selected areas. Mag 
nified l o x ,  

Figure 6. The patchy blue fluo- 
rescence to long-wave U.V ra- 
diation of the stone in figure 5 
indicated that it was a highly 
included type I diamond. 
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Figure 7. An unusual tubular 
channel pattern can be seen 
branching from the laser drill 
hole (here, slightly out o f  focus 
to the left of the inclusion) in  
this diamond. Magnified 63 x . 

from a long laser drill hole resulted in 
a poorer clarity appearance than ex- 
pected (Fall 1976, p. 218). One laser 
hole reached two rather widely sepa- 
rated crystals, allowing them both to 
be bleached. We have also noted 
stones with natural tubular channels 
that individually resembled laser 
drill holes, but in aggregate appear- 
ance looked like branching "roots" 
within the stone (Spring 1973, p. 138; 
Winter 1973-74, p. 250; Fall 1979, p. 
1991. 

o u r  latest observation of a laser 
drill hole anomaly is shown in figure 
7. The diamond, a 1.55-ct pale green 
marquise, had natural brown irradia- 
tion stains on the girdle. The laser 
drill hole either has reached an inter- 
nal cleavage or fracture and contin- 
ued on erratically in several direc- 
tions, causing a root-like pattern 
along the fracture, or has reached pre- 
existing branching tubules that hap- 
pen to have the same diameter as the 
drill hole. If the latter is the case, then 
the fracture may have originally been 
a black-appearing "light trap" that 
has been made white by laser drilling 
and bleaching. GRC 

Laser Drilled to Reach an 
Included Diamond Crystal 
Although we occasionally encounter 
diamond crystals as inclusions in a 
host diamond, the West Coast labora- 
tory recently examined a 0.50-ct 

round brilliant-cut diamond that was 
both unusual and somewhat puz- 
zling. A well-formed modified octa- 
hedral diamond crystal, measuring 
approximately 0.35 mm x 0.40 mm, 
was observed as, an inclusion in this 
stone (figure 8). 

Ordinarily, an included diamond 
crystal would have low relief and be 
barely discernable, since it has the 
same refractive index as its host. The 
unusually high relief exhibited by 
this diamond inclusion is probably 
due to a very minute separation, or 
interface, between the inclusion and 
the host. As light passing through the 
diamond goes from diamond to air at 
the point of the interface and then 
back to diamond, it "frames" the 
included crystal. 

The most puzzling aspect of this 
stone, however, was the presence of a 
laser drill hole extending from the 
table down to the surface of the 
included diamond crystal. Laser dril- 
ling is used to remove or bleach dark 
inclusions from gem diamonds or to 
introduce a filling into fractures and 
cleavages that will make them less 
visible. It is not clear why it was 
attempted in this instance, because 
the included diamond crystal is im- 
pervious to the agents used to re- 
move inclusions after laser drilling 
and thus could not be altered in size 
or appearance. 

Mark Kazibutowski 

OPAL, with an 
Unusual Inclusion 

Recently, an unusual ring was 
brought to the West Coast laboratory 
for examination (figure 9). The ring 
contained a large (25.6 x 16.5 x 14.5 
mm) Mexican opal that was quite 
transparent and had a nice play-of- 
color, displaying prominent flashes 
of green, orange, and red with lesser 
flashes of yellow and blue. The opal 
gave a spot refractive index reading of 
1.43, and was inert to both long- and 
short-wave ultraviolet radiation. The 
hand-held spectroscope revealed a 
general absorption area up to approx- 
imately 440 nm, with a weak absorp- 

Figure 8, This diamond crystal 
included in a cut diamond 
shows unusually high relief. 
Note the laser drill hole ex- 
tending from the surface of the 
faceted stone to the included 
crystal. Magnified 40 x . 

tion band from approximately 500 to 
540 nm. These properties are typical 
of many Mexican opals. 

This opal is unusual because of the 
presence of a large (9 x 12.5 mm) 
centrally located egg-shaped inclu- 
sion that is best seen with transmit- 
ted light (figure 10). The inclusion 
was made up of an opaque white 
material that had a slightly "fuzzy" 
appearance at its surface. Because of 
the location of the inclusion in the 
middle of the stone, we could not 
perform any tests to determine its 
true identity. Although similar in- 
clusions have been reported in opals 
before, it is rare to find such a large 
and dramatic example. 

Christopher l? Smith 

PEARLS 

Cultured, with Colored 
Bead Nuclei 
The laboratories on both coasts were 
given the opportunity to study a new 
type of bead nucleus used in pearl 
culturing in Japan. According to 
Yoshiko Doi, president of GIA's affili- 
ate in Japan, AGTA, these beads are 
composed of powdered oyster shell 
that has been bonded with a type of 
cement and then dyed and fashioned 
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Figure 9. The 25.6 x 16.5 x 
14.5 mm Mexican opal in this 
ring contains an un12s11ally 
large oval inclusion, the out- 
line of which is barely visible 
with reflected light. 

into spheres. The sample beads we 
examined were dark grayish green 
and measured approximately 8 mm 
in diameter. An aggregate surface 
structure was observed with magni- 
fication. Transparent near-colorless 
and opaque white rounded grains 
were embedded in the dense green 
matrix material. 

Specific gravity was determined by 
the hydrostatic method to be 2.74 2 
0.02. The refractive index was deter- 
mined by the spot method to be on 
the low side of 1.50. The strong 
birefringence and the effervescence 
that occurred when a small droplet of 
a 10% hydrochloric acid solution 
was applied to the bead indicate that 
it is a carbonate material. When a 
cotton swabsoaked with acetone was 
applied to the surface, a small  
amount of green dye was removed. 

X-ray diffraction analysis showed 
that the material is calcite. An 
EDXRF chemical analysis performed 
by GI& Dr. Emmanuel Fritsch re- 
vealed calcium plus titanium, co- 
balt, vanadium, and strontium, with 
smaller amounts of chromium and 
iron. Permission was granted to pre- 

Figure 10. When the stone in 
figure 9 is illuminated by 
transmitted light, the opaque, 
whitish inclusion is much 
more obvious. 

pare a thin section from one of the 
beads. Dr. Ilene Reinitz. of CIA New 
York, obtained an infrared spectrum 
that showed distinct absorption 
peaks which were identified as cal- 
cite and the polymer or plastic that 
was used as the bonding agent in the 
material. 

Subsequently, we received a few 
cultured pearls, averaging approx- 

Figure 1 1. These two cultured 
pearls, 8.5 mm in diameter, 
were reportedly grown using as 
nuclei green beads similar to 
that shown here. 

imately 8.5 mm in diameter, that 
reportedly contained this new type of 
bead nucleus. Two of these pearls are 
shown in figure 11 with a section of a 
green bead nucleus. Magnification 
revealed that the nacreous layer was 
remarkably transparent. The drill 
hole of one of the pearls (figure 12) 
shows the thin nacre over a green 
bead nucleus, as well as some of the 
plastic bonding agent that melted 
from the heat of drilling. Because the 
nuclei were not freshwater shell, we 
did not expect these pearls to fluo- 
resce to X-radiation and they did not. 
An X-radiograph showed a definite 
conchiolin layer, as well as the differ- 
ences in the X-ray transparencies of 
the nucleus mater ia l  and the 
nacreous layer. 

KH, Ilene Reinitz, 
and Tom Moses 

Freshwater Natural 
The West Coast laboratory recently 
received for examination the inter- 
esting strand of freshwater natural 
pearls illustrated in figure 13. These 
pearls possessed a variable fair to 
very good luster and ranged in color 
from brownish to purplish pink, with 
a few being pinkish orange. They 
ranged in diameter from approx- 
imately 3.70 mm to 8.15 mm, Al- 
though some were slightly "off 

Figure 12. The drill hole in one 
of the cultured pearls in figure 
11 shows the thin nacre and 
the plastic binding agent 
which apparently melted from 
the heat of drilling. 
Magnified 15 x . 
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Figure 13. 3 natural freshwater pearls in t strand were foi 
in the San . elo area of West Texas over the course of 15 yea 
They range in diameter from approximately 3.70 to 8.1 5 mm. 

round," most were spherical. They 
were identified as natural pearls on 
the basis of X-radiography performed 
by Robert Crowningshield, which 
revealed the very compact structure 
and  ex t remely  t h i n  layers  of 
conchiolin that are typical of some 
freshwater natural pearls. 

Freshwater pearls generally show 
X-ray luminescence, caused by the 
presence of trace amounts of man- 
ganese. With this type of pearl, how- 
ever, the staffs of both the East and 
West Coast laboratories have noted 
that the greater the intensity of the 
pink "body" color is, the weaker the 
fluorescence appears. The X-ray fluo- 
rescence reaction of the pearls in this 
strand, which ranged from inert to a 

weak slightly orangy yellow, sup- 
ports this observation. 

Our client reported that these 
pearls were recovered from lakes and 
rivers in the San Angelo area of West 
Texas. Over a period of 15 years, more 
than 30,000 pearls of variable quality 
were collected, ranging in diameter 
from 2 m m  to 13 mm, with an 
average of 3.5 to 4 mm. Rarely are the 
pearls from this area spherical. Thus, 
it took nearly 15 years to accumulate 
the round pearls assembled in this 
strand. RK 

Gray Baroque Cultured 
Most of the natural-color gray to 
black cultured pearls from Polynesia 
that have been examined at the CIA 

Gem Trade Laboratory have been 
larger than Japanese pearls and have 
been round, oval, or ringed, but sym- 
metrical in shape. Recently, however, 
we examined some attractive ba- 
roque Polynesian pearls (figure 14). 
An X-radiograph of this necklace (fig- 
ure 15) shows that the nuclei vary 
from approximately 7.50 to 9.00 mm. 
The latter is larger than most Japa- 
nese mollusks can accon~modate. 

We were told by the client that 
baroques from Tahiti are more valu- 
able than those from Japan. This 
prompted us to determine whether 
gray baroque cultured pearls from 
Japan were available and if they could 
be confused with natural-color gray 
cultured pearls from the South Seas. 
Figure 16 shows the result of our 
investigation. The nine baroques ar- 
ranged in a square were loaned to us 
by a dealer in Japanese cultured 
pearls. The 10th pearl, shown by 
itself in the bottom row, is very 
similar in appearance and came from 
a parcel of Polynesian baroques. The 
X-radiograph (figure 17) shows that 
the Tahitian pearl has a very large 
nucleus (9.5 mm], contrasted with 
the 6.50 to 7.00 m m  nuclei in the 
Japanese products. The X-radiograph 
also suggests that the gray color of 
the Japanese pearls is probably due to 
the appearance of the dark conchiolin 
through the nacre, the fragility of 
which may explain the dealer's re- 
mark about relative values. GRC 

SAPPHIRE 

Diffusion-Treated 
Montana Rough 
During the last several months, the 
East Coast laboratory has heard 
rumors about heat-treatable sap- 
phires from Montana being offered 
for sale. We were shown several lots 
of reportedly heatable pale greenish 
rough reputedly from mines along 
the Missouri River. Currently, lab 
staff members are conducting inves- 
tigations both here and in Thailand 
to determine what type of Montana 
rough will respond to heat treatment. 

One dealer contacted us after he 
was offered several hundred carats of 
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Figure 14. Tahiti has produced some fine gray Figure 15. An  X-radiograph of the necklace in  
baroque cultured pearls as well as rounds. The figure 14 shows that the nuclei range from 7.5 
Tahitian pearls in  this necklace are approx- to 9 m m  in  diameter. 
imately 11.5 to 14 m m  i n  diameter. 

Montana rough by a supplier who 
claimed the stones could be heated to 
improve the color. The dealer showed 
us several blue rough specimens that 
he was told were examples of this 
material after heat treatment. The 
seven palest of the 10 crystals were 
clearly heat treated, but the color was 
splotchy,"the three most attractive 
darker blue stones had areas of dark 
blue color' bleeding from included 
crystals, a characteristic of heat- 
treated stones, but closer examina- 
tion revealed that there was also clear 
evidence of surface diffusion treat- 
ment (see, e.g., Kane et al., "The 
Identification of Blue Diffusion- 
Treated Sapphires," Gems &> Gemol- 
ogy, Summer 1990, pp, 115-133). 

Figure 18 shows a 2.73-ct rough 
specimen with lighter areas in the 
center and the ends that were not 
affected by the diffusion process. 
When the crystal was immersed in 
methylene iodide, we readily deter- 
mined that the color was the result of 
a surface diffusion t rea tment .  
Clearly, use of such material to influ- 
ence a potential investor is dishon- 
est, since the layer of diffused color 
would be removed when the rough 
was faceted. DH and GRC 

Large Colorless 
Although colorless sapphires are not 
extremely rare, large ones are seen 
only infrequently. A 63.65-ct color- 
less emerald-cut sapphire (figure 19), 

the largest yet encountered by our 
laboratory, was recently submitted 
to the West Coast laboratory for an 
identification report. Our client 
stated that he purchased this stone 
nearly 40 years ago and that it report- 
edly was found in Sri Lanka. 

Refractive indices of 1.760-1.768 
were as expected for this material. 
Using polarized light and a glass 
sphere as a condensing lens, we ob- 

served the uniaxial optic figure 
through the table in a direction 
nearly perpendicular to it. A very 
weak 450-nm absorption band was 
resolved with a hand-held type spec- 
,troscope, indicating the presence of 
at least some iron. 

Some of the gemological properties 
are consistent with those reported in 
the literature for Sri Lankan sap- 
phires. Specifically, a strong yellow- 

Figure 16. The nine cultured 
baroque pearls i n  the square 
are from Japan, while the sin- 
gle cultured baroque at the 
bottom is from Polynesia (1  1.5 
to 14 m m ) .  All are similar 
in  appearance, 

Figure 17. An  X-radiograph of 
the cultured pearls in  figure 16 
reveals both the larger nucleus 
(approximately 9.5 m m  in di- 
ameter) of the Polynesian sam- 
ple at the bottom and the large 
areas of dark conchiolin in  the 
Japanese samples. 
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Figure 18. Immersion i n  meth-  
ylene iodide revealed areas of 
diffusion treatment in  this ap- 
proximately 6.89 x 6.07 x 
4.90 mm piece of sapphire 
rough from Montana. The  thin 
layer of blue color would un-  
doubtedly be removed during 
C~lttjIlg. 

ish orange fluorescence was observed 
when the stone was exposed to long- 
wave U.V radiation. The same color 
fluorescence, but of very weak inten- 
sity, was seen with short-wave U.V 

No colored transmission lumines- 
cence was seen. In addition, a dozen 
or more crystals with white-appear- 
ing strain halos were apparent with 
the unaided eye under the step facets 
at one end. 

Magnification revealed that most 
of these inclusions appeared to be 
small to large opaque black uraninite 
crystals with characteristic tension 
halos. As is generally observed with 
this type of inclusion, when the gem- 
stone is tilted to allow the bacli- 
ground to become bright, the small 
tension fractures take on a distinct 
brown appearance. A number of 
straight and irregular, randomly ori- 
ented, "stringers" of minute white 
particles were also visible through- 
out the stone, as were several ran- 
domly oriented flat "flakes" and 
short needles. Although they were 
subtle in appearance, these features 
were easily seen with darkfield illu- 
mination in the gemological inicro- 
scope. R K  

Fig~lre 19. This unusually large, 63.65-ct, colorless natural sapphire 
is reportedly from Sri Lanka. 

Cobalt Colored 
Color-Change SPINEL 

The West Coast laboratory had an 
opportunity to examine a cobalt 
spinel that exhibited a very unusual 
change of color: a dark, richly satu- 
rated, slightly violetish blue in fluo- 
rescent light, and a dark purple in 
incandescent light (figure 20). The 
color change was nicely enhanced by 
the contemporary design of the bicol- 
ored white and yellow metal man's 
ring in which the stone was set. 

Figure 20. The 2.24-ct cobalt- 
colored spinel i n  this ring ap- 
pears blue i n  fluorescent light 

1 and, as seen here, purple in  in-  
candescent light. 

We found the stone's properties to 
be consistent with natural cobalt- 
blue spinels the lab has examined in 
the past (which reportedly originate 
in Sri Lanka; see Gems a) Gemology, 
Summer 1986). A single refractive 
index reading at 1.720 was obtained 
using a Duplex 11 refractometer. Ex- 
amination wi th  the  polariscope 
showed a singly refractive reaction, 
with very slight ADR. The stone 
exhibited a weak red transn~ission 
and a moderate red color when 
viewed through a Chelsea filter. The - 
diagnostic absorption band of a natu- 

from 660 nm up. (For more infirma- 
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tion on cobalt-blue spinels, see J. 
Shigley and C. Stockton, " 'Cobalt- 
Blue' Gem Spinels," Gems &> Gemol- 
ogy, Spring 1984, pp. 34-41). 

With magnification, under one end 
of the crown we observed a cluster of 
moderate-size inclusions that consis- 
ted of a well-formed octahedral crys- 
tal and several whitish irregularly 
shaped crystals. Radiating from this 
crystal group and throughout the 
s tone  were  r a in - l ike  p inpo in t  
"stringers" and numerous small fine 
needles. Patricia Maddison 

SYNTHETICS and 
SIMULANTS 
in Period Jewelry 

One of our Austrian readers, Karl H. 
Heldwein of Vienna, saw the earring 

mentioned under this heading in the 
Summer 1990 issue of Gems &> Gem- 
ology and was kind enough to send a 
letter with his comments on similar 
items seen in his country. He states, 
"We in Vienna, Austria, frequently 
run into pieces like that. The stamp 
is the  current Russian hallmark 
which, to my knowledge, has been 
used since the mid-1950s." He en- 
closed a photo of an item very similar 
to figure 16 in the Summer 1990 
issue. However, i t  had a blue cab- 
ochon for the center stone instead of 
a faceted piece. In his letter, he says 
that the cabochon was glass and the 
near-colorless brilliant-cut diamonds 
were VS to I ,  in clarity. The piece 
would obviously have to be consid- 
ered a reproduction. 

Charles C. Cage, of New Orleans, 
Louisiana, sent us a very comprehen- 

sive review of Russian hallmarking 
in the 19th and 20th centuries. He 
confirmed that the "hammer and 
sickle" mark is the current one used 
in Russia, and that it has been in use 
since 1958. 

We thank Messrs. Heldwein and 
Cage for sharing this information 
with us. Comments from our readers 
are always welcome. CF 

FIGURE CREDITS 
Photos in figures 1-2, 5-6, 14, 16, and 77 
are by Nicholas DelRe. Shane F. McClure 
took the photographs in figures 3,9, 70, 73, 
and 79. Holly Baxter provided the photo in 
figure 8. Vinnie Cracco is responsible for 
figure 7. The photomicrograph in figure 4 is 
by John I. Koivula. Robert Crowningshield 
did the X-radiography in figure 15. Robert 
Weldon shot the photos in figures 11, 12, 
and 20. Dave Hargett furnished figure 78. 

HISTORICAL NOTE 
Highlights from the Gem Trade Lab 25, 15, and five years ago 

FALL 1965 

The New York laboratory described 
and illustrated a lo+-c t  Montana 
sapphire crystal, the largest yet en- 
countered. Also discussed were aba- 
lone pearls, the danger of leaving 
cultured pearls in jewelry cleaner, 
and the confusion arising from call- 
ing maw-sit-sit jade albite, rather 
than chrome albite. X-ray diffraction 
analysis established that this mate- 
rial actually contains ureyite, now 
renamed kosmochlor, rather than 
jadeite. 

FALL 1975 

The Los Angeles lab had the oppor- 
tunity to examine a very unusual 
cyclotron-treated diamond. The fact 

that this stone was treated from one 
side of the girdle, rather than from 
the culet or the table as is usually 
done, made i t  unique in our experi- 
ence. In this stone, the color zoning 
associated with cyclotron treatment 
was apparent only on the side of the 
keel line and that side of the girdle 
that was treated. In addition, the lab 
identified as marble a ceremonial 
sword that showed, under 50 x mag- 
nification, some tiny fossil for- 
aminifera. 

Several imitations and simulants 
were seen in the New York lab, in- 
cluding coated garnet to imitate cu- 
prite, prosopite to imitate turquoise, 
coated green beryl to simulate emer- 
ald, and a parcel of Thai-cut syn- 
the t ic  rubies that  to the  inex- 
perienced eye were very natural  
looking. These proved to be flux- 
grown stones, many with the bluish 

bands usually associated w i t h  
Chatham synthetic rubies. 

FALL 1985 

Our East Coast lab had occasion to 
examine a star stone that was in fact 
a flux-grown synthetic sapphire. The 
star was surface induced by diffusion 
treatment. A hydrothermally grown 
synthetic emerald, heavily included 
with spicules, was also illustrated. 

Unusual items encountered in the 
West Coast lab were an 11.73-ct gam- 
bling die that was cut from an indus- 
trial-quality diamond, a black star 
sapphire doublet, and a carved mate- 
rial that somewhat resembled jade 
s e e  figure). X-ray diffraction analysis 
revealed that the carving was a rock 
consisting of plagioclase feldspar and 
green muscovite mica. 
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DIAMONDS 
Diamond prospects in Brazil. Current monetary restric- 
tions in ~ r a z i l h a v e  led some Brazilian mining concerns - 
to solicit foreign investment. In the diamond sector, the 
engineering and mining group Odebrecht is hoping to 
dispose of five current prospecting permits and a govern- 
ment-issued "permission" to open four prospecting pits 
at its Cipolindia alluvial diamond property in Mato 
Grosso do Sul. This deposit extends for 15 kn1 along the 
Taboco River, some 90 k m  from Campo Grande. It 
contains a high proportion of gem-quality stones, with 
reserves estimated to be in the range of 150,000 to 
500,000 ct. 

In 1989, Brazil produced approximately 500,000 ct of 
diamonds; according to the Departamento Nacional da 
Produ$io Mineral, 70% are of gem quality. As much as 
84% of the total vroduction was from the activities of 
independent miners, or garimpeiros. (Mining Journal, 
June 15, 1990) 

New venture in Botswana. Molopo Australia has re- 
ported collecting several kilograms of diamondiferous 
ore from a 950-km2 concession adjacent to the Jwaneng 
mine. This concession contains six of the nine kim- 
berlite pipes identified to date in the Jwaneng field; two 
of these six have already been developed by Debswana 
and accounted for 55% of the country's 15.3-million-ct 
total output in 1990. Molopo currently holds over 9,000 
km2 under 11 licenses. [Mining Journal, June 15, 1990) 

New Sierra Leone mining policy. The Sierra Leone 
government has instituted new policies that affect 
diamond-mining operations in that West African nation. 
Under the new regulations, designed to curb the smug- 
gling of foreign currency, 60% of foreign exchange 
earnings must be turned over to the government. Also, 
diamond exporters must now make an advance payment 
of US$500,000, in addition to the US$10,000 annual 
license fee, and pay 2% of the value of exports to cover 
administrative costs plus an annual royalty of 3% of the 
value of goods exported. (Mining Magazine, June 1990) 

Australian firm prospecting in China. Ashton Mining 
Ltd., the Australian operator of the Argyle mine, has 
signed an agreement with the Chinese government for 
the exploration rights to a 100,000-lzm2 area in northern 
Hunan Province. Several potential primary deposits 
they have identified will be explored this year. The 
agreement also gives Ashton exclusive rights to the 
cutting and marketing of the diamonds. In addition, the 

firm has signed a letter of intent with the Guizhou 
Bureau of Geology for exploratory work in a 60,000-km2 
area in the northeast of that province. The bureau has 
already identified lamproite pipes that grade as high as 
20 ct per 100 tons of ore in that region. (Diamond 
Intelligence Briefs, July 2, 1990) 

Goa, India, seeking diamond merchants. . . The govern- 
merit of Goa, formerly a Portuguese enclave and now an 
Indian state south of Bombay, is attempting to attract 
diamond merchants to establish operations there. The 
state's deputy chief minister has announced plans to 
build a 100-acre jewelry park in an area of northern Goa 
where a number of five-star hotels are also planned. The 
Economic Development Corporation of Goa, Daman & 
Diu Ltd. reportedly is offering a number of tax incentives 
to help attract new industrial units. [Diamond Intel- 
ligence Briefs, June 8, 1990) 

. . . But overall, prospects in India worsen. Burdened with 
approximately six to seven months' worth of unsold 
stock, the Indian diamond industry has been laying off 
workers. About 30% of the factories at Navsari are 
reported idle, as are about 10% to 15% of the cutting 
units in Palanpur, Vishnagar, Bhavnagar, and Amreli. 
Factory owners predict that the situation will worsen, 
since they are not getting enough work from exporting 
firms. (Diamond Intelligence Briefs, June 8, 1990) 

Diamond prospecting in India. The Geological Survey of 
India has reported progress at diamond pipe no. 7 in the 
Wajrakarur area, Anantapur District, Andhra Pradesh 
State. According to the Survey, 1,903 diamonds (total 
weight 345.11 ct) have been recovered from 790 tons of 
overburden, and 287 diamonds (total weight 35.47 ct] 
have been taken from 314 tons of lzimberlite. Sixty 
percent of the stones are reportedly of gem quality, with 
an average weight of 0.17 ct. A 16.3-ct gem-quality stone 
was recovered from the colluvial material. (Diamond 
World, May-June 1990) 

Revised figures for Kalimantan. The Indonesian Dia- 
mond Corp. (formerly Acorn Securities Ltd.] has issued 
revised development proposals and figures for diamond- 
gravel reserves at their Kalimantan (Borneo) operation. 
The program is based on combined proven (2.94 million 
m3), probable (15.32 million n131, and possible (29.79 
million m3) gravel reserves, with proven/probable dia- 
mond production for the first five years of operation 
estimated at more than 550,000 ct. Capital costs are 
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anticipated to be US$23.6 million, while operating costs 
are projected at US$5.5 per cubic meter of pay gravel 
mined, or US$60 per carat of diamond recovered. The 
firm plans to market its diamonds, mostly sawable goods 
in the 0.3-1 ct range, directly through Antwerp dealers 
rather than through the CSO. (Mining Magazine, June 
1990; Diamond Intelligence Briefs. June 8, 1990) 

Sri Lanka attracting diamond industry investment. The 
Greater Colombo Economic Commission (GCEC) has 
identified the Sri Lankan diamond industry as an indus- 
trial sector for attracting new investments. To this end, 
they have drawn up of plans for establishing a diamond 
guild and an exclusive diamond zone near the airport. 

Recently a GCEC delegation visited firms in Antwerp 
and obtained sponsorship for a diamond-cutting project 
from two Belgian firms. When maximum capacity is 
reached, this project is expected to employ 235 workers. 
(Mining Magazine, June 1990) 

Thailand auctions smuggled diamonds. The Thai Cus- 
toms Department recently auctioned 2,236 diamonds, 
with a total weight of 403.51 ct, that had been confis- 
cated over the last two years from smugglers bringing 
them ih from Belgium. Approximately 30% of the 
proceeds from the sale went to informers. (Diamond 
Intelligenc6 Briefs, June 8, 1990) 

New diamond discovery in USSR. According to Radio 
Moscow, a new, major diamond deposit has been discov- 
ered approximately 100 km from ArkhangelJslz in the far 
north of the Russian Federation. The diamonds report- 
edly are of very high quality, with about 50% described 

Figure 1 .  The delicate gills are clearly evident 
i n  the ventral v iew o f  this 40-million-year-old 
mushroom encased in amber from the Domini- 
can Republic. Photo courtesy of Dr. George 0. 
Poinar, Jr., University of California at  Berkeley. 

as "suitable for use in the jewelry industry." Western 
involvement through a joint venture has been proposed 
for the developn~ent of the deposit as well as possibly for 
the processing of the stones. (Mining Journal, June 22, 
1990) 

Soviet delegation visits Israel. This past May a delega- 
tion representing the Soviet diamond industry paid its 
first visit to Israel. Included among the Soviets were 
high-level executives of Almazjuvellirexport, the mar- 
keting arm for polished diamonds in the USSR; Kristal, 
that country's largest diamond-cutting plant; and the 
Department of Precious Metals and Diamonds, which 
was formed only recently-as a result of the Soviet 
Union's economic restructuring- to bring into one de- 
partment segments of the diamond industry that had 
previously been under separate ministries. According to 
one of the Soviet officials, technical developments in 
diamond processing in Israel seem to be paralleling those 
in the Soviet Union. (Israel Diamonds, April-May 1990) 

Eastern Europe opens to diamond cutters. The dramatic 
changes in Eastern Europe are apparently leading to 
positive developments for the diamond industry in that 
part of the world. Recent reports indicate that two Israeli 
diamond manufacturers were opening a plant in Warsaw, 
Poland. Initially the plant, which will specialize in 
baguettes and tapered baguettes, will employ 25 
workers. 

Another plant is being set up in Bucharest, Romania, 
by a partnership between a Romanian and an Israeli 
firm. The facility will initially employ 60 workers and 
will cut small rounds. [Diamond Intelligence Briefs, July 
2, 1990) 

Diamond rush in Australia. Diamond exploration is 
booming in Australia, with over 90 companies now 
involved in the search. Among the areas being pros- 
pected are Kununurra, North Pilbara, Halls Creek, 
Norseman, Geraldton, Nullagine, and Philips Range in 
Western Australia; Regional in the Northern Territory; 
Armidale, Sofala, and Copeton in New South Wales; 
Roxby Downs and Quorn in South Australia; Wooragee 
in Victoria; and Camooweal in Queensland. Twenty- 
three other projects are under way to locate diamonds off 
Australia's coastline. (Diamond Intelligence Briefs, June 
8,1990. The listing of locations is abstracted from a table 
compiled by Min-Met Information Services that was 
included in the referenced report.) 

COLORED STONES 
Ancient mushroom inclusion in amber. The University 
of California at Berkeley has announced the discovery of 
the oldest and best-preserved mushroom ever found, 
which was identified in a 40-million-year-old amber 
specimen (figure 1) by Dr. George 0. Poinar, Jr. The 
amber came from a commercial mine in the northern 
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mountains of the Dominican Republic. The n~ushroon~ ,  
identified by botanist Rolf Singer of the Field Museum of 
Natural History in Chicago, represents a previously 
unknown genus and has been named Coprinites domini- 
cana. It is the only known fossil mushroom from the 
tropics. According to Dr. Poinar, "the mushroom points 
out how amber can preserve very delicate organisms, 
and gives us hope for discovering a great deal more from 
that time." 

Greenish blue cat's-eye apatite. In the Summer 1990 
Gem News column, we reported seeing quantities of 
greenish blue apatite from Madagascar at the February 
Tucson show. The color of some of this material was very 
similar to new colors of tourmaline comine from Par- - 
ai'ba, Brazil, and some of the apatite was being sold as 
"Paraiba apatite" or simply as "Paraiba." 

At a recent gem and mineral show in Santa Monica, 
GIA Instructor Yianni Melas was shown a chatoyant, 
medium dark greenish blue 5.72-ct oval double cab- 
ochon that was presented as a cat's-eye apatite (figure 2). 
The owner, Manu Nichani of Temple Trading Co., 
Encinitas, California, subsequently loaned the stone to 
GIA for investigation. 

The stone measured 11.58 x 8.66 x 7.09 mm; it was 
translucent and exhibited a fairly sharp chatoyant band. 
Magnification revealed the cause of chatoyancy as nu- 
merous parallel growth tubes, some of which were 

Figure 2. The greenish blue color of this 5.72-ct 
cat's-eye apatite is  very unusual for this gem 
variety. Photo b y  Robert Weldon. 

partially filled with an unknown residue. Pleochroism 
was distinct but not strong, in grayish yellowish green 
and greenish blue; the stone appeared brownish green 
through the Chelsea color filter. With a desk-model 
spectroscope, we were able to resolve a weak absorption 
band at approximately 594-618 nm; there was also some 
weak general absorption from 633 to 700 nm. The stone 
hada spot R.I. of 1.64, an S.G. of approximately 3.16, was 
doubly refractive, and was inert to long- and short-wave 
U.V radiation. 

Although we had not previously seen chatoyant apa- 
tite in this color, all properties were consistent with 
apatite. Because of the possible overlap in properties 
with greenish blue cat's-eye tourmalines, we asked C. W 
Fryer of the West Coast GIA Gem Trade Laboratory to 
perform an X-ray diffraction analysis of a powder sample 
from this stone. The pattern matched that of apatite. 

Zimbabwe emerald update. This past June, Tom L. Lee of 
Victoria Mines Ltd. visited emerald-producing mines 
and developing prospects in southern Zimbabwe. Some 
of these had not previously been visited by outsiders, as 
they are located in an area with severe travel restrictions. 
Mr. Lee provided the following report. 

The emerald mines are located in the Mweza Range in 
southeastern Zimbabwe, within the Mberenga Commu- 
nal Lands (formerly known as the Tribal Trust Lands). 
Throughout most of the emerald mines inspected by Mr. 
Lee, concentrations of emerald were frequently - but not 
exclusively-identified in pegmatite walllserpentinite 
contact zones, most notably in the "nose" of such 
contact zones, which had been extensively folded and 
altered. 

Emerald was first discovered in this region in May 
1957. At the time of Mr. Lee's visit, 27 emerald mines 
were operating with the authorization of the Zimbabwe 
government, although most were rudimentary diggings 
that were being worked primarily with picks, shovels, 
and wheelbarrows. 

One of the more sophisticated operations is the 
Machingwe mine (figure 3), an open-cast working that 
extends for approxinlately 2 km. Two bulldozers are 
used to move soil and rock, and to extend the pit 
workings. During the actual recovery of enleralds, the 
primary tools are picks and shovels, although there is 
some black powder blasting. Currently, the active open- 
pit emerald workings lie some 60 m below the surface. 
The area is protected by armed guards who are randomly 
situated throughout the nlountainous bush that sur- 
rounds the mine. 

The Lodge mine (figure 4), located approximately 30 
km east of the famous Sandawana emerald mine, is also 
open cast. Although the Lodge mine has been in opera- 
tion since 1981, almost all of the excavation and emer- 
ald-face working is still carried out with picks, shovels, 
and wheelbarrows. 
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Figure 3. This view from 
the edee of the main pit 

Figure 4. Miners a t  the 
Lodge mine, approx- 

imately 30 km east of 
the Sandawana mine in 
the Mweza Range, Zim- 

babwe, are housed in 
this compound. Photo 0 

Tom Lee and Michael 
Smith. 

at  t h e ~ a i h i n ~ w e  mine, 
southeastern Zimbabwe, 
shows miners at  work re- 
covering emeralds. The 
pegmatite structure 
(white area) has been fol- 
lowed downward 60 m. 

Unusual cat's-eye diopside. Efraim Katz of African Gem 
Cutters, Miami Beach, Florida, recently loaned the Gem 
News editors a very slightly oval single cabochon of 
unusual color that exhibited a strong chatoyant band 
across its'dome. The stone was a very light grayish 
brownish 'igreen and appeared to be semitransparent 
when viewed face-up. 

R.I. was,determined to be approximately 1.67 by the 
spot method; because there were no polished flat sur- 
faces, birefringence could not be determined. In the 
polariscope the stone exhibited a doubly refractive 
reaction that was difficult to resolve due to the presence 

of many doubly refractive inclusions. The stone was 
inert to both long- and short-wave U.V radiation; no 
absorption features could be resolved with a hand-held 
spectroscope. * 

There are a number of gem species in the mid- to 
high-1.60s R.I. range that produce chatoyant varieties, 
including actinolite, diopside, enstatite, and lzor- 
nerupine. Of these stones, however, all but actinolite are 
typically very dark brown to very dark green in color. We 
thus asked C. W. Fryer to perform X-ray diffraction 
analysis on the stone, which resulted in a match for 
diopside. 
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Fine-quality chatoyant iolite. In the Spring 1990 Gem 
News column, we described a 23.65-ct cat's-eye iolite 
seen at the Tucson show this past February. Recently, 
GIA Instructor Yianni Melas assisted in obtaining 
another of these unusual stones for investigation. 

The stone, loaned to us by Manu Nichani of Temple 
Trading Co., was purchased in southern India. The 
attractive 8.25-ct oval double cabochon measures 14.84 
x 11.78 x 7.58 nlm (figure 5). Semitransparent when 
viewed from above, it would be almost transparent were 
it not for a rough-ground base. In surface-incident light, 
it exhibits an exceptionally strong chatoyant band; this 
is even evident under diffused overhead fluorescent 
lighting. When examined face-up, it shows a light bluish 
gray body color on either side of the chatoyant band, 
while the periphery of the base appears a medium dark 
violet as a result of the strong pleochroism. A dichro- 
scope was used to isolate the pleochroic colors which 
were identified as dark violet, light bluish gray, and light 
brownish yellow. 

Magnification revealed the cause of chatoyancy to be 
minute, whitish fibers. Also noted were small, colorless, 
low-relief crystals. When the stone was examined with 
the polariscope, we noted that the chatoyant band 

Figure 5. Chatoyancy is I I ~ I I S I I ~ ~  in iolite, espe- 
cially as exhibited by this 8.25-ct cabochon. 
Photo by  Robert Weldon. 

appeared to bisect the 2V angle. All other gemological 
properties were consistent with those previously re- 
ported for this gem species. 

Gem finds in Inner Mongolia. Gem deposits have re- 
cently been discovered at 51 sites in the Inner Mongolia 
Autonomous Region of China. According to a report in 
the July 1990 issue of Mining Magazine, over the course 
of three years of prospecting a team of geologists found 
42 types of gems, including agate, bloodstone, mal- 
achite, rock crystal, and topaz. The team also deter- 
mined that the region contains 196 sites with gem 
deposits of commercial significance. 

Opal with true chatoyancy. Dr. Byron C. Butler of World 
Gems1G.S.G. in Scottsdale, Arizona, provided the Gem . 
News editors with a very unusual 0.76-ct cat's-eye opal 
for investigation. The opal, a translucent oval single 
cabochon. measures 7.33 x 5.47 x 3.31 m m  and has a 
b ro~n i sh '~e l1ow body color (figure 6). Unlike most so- 
called cat's-eye opals, which exhibit chatoyancy as a 
band of play-of-color when fashioned as triplets, this 
unassembled gem exhibits true chatoyancy. As in fine 
cat's-eye chrysoberyl, the "eye" is very sharp, and the 
stone also exhibits a strong "milk-and-honey" effect 
when the cabochon is illuminated from the side at a right 
angle to the chatoyant band. 

The R.I., taken both on the well-polished base and by 
the spot method, was 1.45. When examined between 
crossed polars, the opal exhibited an anomalous blinking 
reaction in the form of a strain-induced snake-like band 

Figure 6. This 0.76-ct opal exhibits unusually 
strong chatoyancy Photo by  Robert Weldon, 
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along the length of the dome. The stone fluoresced a 
weak red to both long- and short-wave U.V radiation, and 
appeared a grayish bluish green through the Chelsea 
color filter. S.G. was determined by hydrostatic weighing 
to be approximately 2.08. Magnification revealed an 
extremely fine fibrous structure plus minute black 
inclusions. 

The most unusual feature of this chatoyant opal was 
what appeared to be weak pleochroism in yellow and 
brownish orange that was noted with a calcite dichro- 
scope. It is possible that this opal formed as a pseu- 
domorph after a doubly refractive fibrous mineral such 
as goethite (which might also be responsible for the 
color) and that like-oriented remnants of the original 
material are responsible for both the strain and the 
apparent pleochroic reaction in this essentially amor- 
phous material. 

Star scapolite. The mineral series scapolite produces 
some interesting collector gems, including both purple 
and yellow stones that, because of similar gemological 
properties, may be confused with the quartz varieties 
amethyst and citrine, respectively. Also seen occa- 
sionally are different colors of chatoyant scapolite. 

Efraim Katz of African Gem Cutters, Miami Beach, 
Florida, f<fiently loaned the Gem News editors an 
interesting phenomenal scapolite for examination. This 
translucent, slightly brownish greenish gray oval double 
cabochon weighs 7.46 ct and measures 12.21 x 11.08 x 
7.43 mm. The gemological properties were consistent 
for scapolite. Magnification revealed small black, reflec- 
tive inclusions of what may be exsolution ilmenite; a 
few small plates of what may be mica were also noted. 

What made this stone unusual was the presence of a 
strong reflective band across the long direction of the 
dome that was intersected by two much weaker but 
distinct additional bands (one of which was quite faint 
and difficult to photograph; figure 7). This would qualify 
the stone as a star scapolite, which is quite rare. Shortly 
after we examined this stone, GIA Collection Curator 
Loretta Loeb showed us a similar-appearing 2.82-ct 
asteriated scapolite that had recently been added to the 
GIA collection. Both of these stones are reported to have 
originated in Sri Lanka. 

More activity at the sugilite mine. A recent mining 
industry report notes that Samancor has closed its 
Hotazel manganese mine near Kuruman, South Africa, 
because the reserves have been almost totally ex- 
hausted. To compensate, the company is increasing 
production at two nearby mines. One of these, the 
Wessels mine, is the only known source of the purple 
manganoan ornamental gem material, sugilite. This 

increased activity may lead to further sugilite discov- 
eries. [Mining Journal, July 13, 1990, p. 25) 

Figure 7. The intersecting reflective bands of 
this 7.46-ct scapolite qualify it for designation 
as a star stone. Photo by Robert Weldon. 

Unusual carved tanzanite. As mined, tanzanite exhibits 
extremely strong pleochroism in blue, purple-violet, and 
greenish yellow, a combination that gives untreated 
material a rather unattractive face-up color with a strong 
brownish component. Fortunately, heat treatment re- 
moves the undesirable greenish yellow component, 
resulting in stones that, depending on orientation, ex- 
hibit fine blue to violet colors. 

Because virtually all of the tanzanite used in jewelry 
has been heated, many jewelers are unfamiliar with the 
appearance of the untreated material. Recently, Bart 
Curren of Glyptic Illusions brought to our attention a 
fine 10.19-ct tanzanite that he had carved and then heat 
treated, documenting the color both before (figure 8, left] 
and after (figure 8, right] the treatment process. Note in 
the two photos how the unusual cutting style helps 
emphasize the pleochroism. With both distinct purplish 
and yellowish brown colors showing, the untreated 
stone superficially resembles some amethyst-citrine 
quartz. 

Cat's-eye tanzanite. Because of the rarity of cat's-eye 
tanzanite, it came as a pleasant surprise when Peter and 
Bobbi Flusser, of Overland Gems in Los Angeles, showed 
us the 2.69-ct stone pictured in figure 9. This semi- 
transparent, high-domed oval cabochon with a slightly 
convex base exhibits an attractive medium dark grayish 
violet-blue color and a sharp chatoyant band when 
examined from above. Magnification revealed the cause 
of the chatoyancy to be numerous parallel whitish 
channels running perpendicular to the "eye"; spilze- 
shaped two-phase inclusions were also noted. 

The gemological properties determined for this stone 
were consistent with those reported in the literature for 
tanzanite. With respect to the pleochroism, it was 
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Figure 8. The unusual cutting style of this 10.19-ct tanzanite emphasizes the stone's pleochroism 
both before (left) and after (right) heat treatment. Carving and photos by Bart Curren, 
Glyptic Illusions. 

interesting to note that a deeper color was observed 
when the stone was viewed down the sides in both the 
long and the narrow directions. It appears that, as is the 
case with cat's-eye alexandrite, orienting the stone to 
center the chatoyant band across the dome of the 
cabochon results in less than the best face-up color. No 
doubt, reflections off the chatoyancy-producing chan- 
nels also contributed to a slight washing out of the color 
when the stone was viewed from above. 

Figure 9. This 2.69-ct cabochon is a fine exam- 
ple of the very rare cat's-eye variety of tan- 
zanite. Photo by Robert Weldon. 

ENHANCEMENTS 
Faceted gems with Aqua Aura enhancement. In the 
Winter 1988 Gem News column we reported on 'Aqua 
Aura" quartz, single crystals and crystal clusters of 
colorless quartz that had a thin film of gold applied to 
their external surfaces. These treated specimens dis- 
played both the blue to greenish blue transn~ission color 
of the gold as well as a superficial thin-film iridescence. 
A more detailed report subsequently appeared in the 
April 1989 issue of the Journal of Gemmology 

According to an article in the September 1989 issue of 
Rock &> Gem, the process was developed by Bill 
McKnight and Tom Stecher of Vision Industries, Lynn- 
wood, Washington. The application of this treatment to 
faceted gems is now taking place on a commercial basis. 
The Gem News editors obtained two fashioned hexago- 
nal prisms of Aqua Aura-treated quartz (one of which is 
shown in figure 10) in fall 1989, and shortly thereafter 
encountered Aqua Aura-treated faceted topaz set in 
silver pendants. The vendor of the treated topaz, Trans- 
Gem Corp. of West Bend, Wisconsin, was contacted for 
further information. I11 response, Johnathan J. Parentice 
of TransGem informed us that they planned to begin 
marketing this material nationwide soon, and that some 
10,000 ct were submitted for enhancement in December 
1989. Mr. Parentice also kindly provided us with several 
samples for examination. 

The 11 treated faceted topazes supplied by TransGem 
(two of which are shown in figure 10) ranged from 0.71 ct 
to 2.25 ct. They varied in color from medium light to 
medium dark blue to greenish blue; all of the stones 
showed a very uniform color face-up. They exhibited an 
overlying weak to moderately strong iridescence that 
was most noticeable on the larger stones. R.I., birefrin- 
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gence, optic character, and S.G. were consistent with 
topaz. Also as is typical for topaz, the specimens were all 
inert to both long- and short-wave U.V radiation, ap- 
peared brownish green to green through the Chelsea 
color filter, and showed no absorption features when 
examined with a desk-model spectroscope. Unlike to- 
paz, however, no pleochroism was noted in any of the 
stones when they were examined with a dichroscope. 

A 0.70-ct pear-shaped brilliant-cut treated quartz 
supplied by TransGem and the two faceted quartz 
'prisms" mentioned above were similarly tested. Their 
R.I., birefringence, optic character, and S.G. were consis- 
tent with those reported in the literature for quartz, 
while their reactions to U.V. radiation, appearance 
through the Chelsea filter, spectroscopic features, and 
appearance through the dichroscope were essentially the 
same as noted above for the treated topaz. 

Magnification proved key to identifying the Aqua 
Aura enhancement (figure 11). When examined with 
diffused, direct transmitted light, all of the treated 
specimens - both topaz and quartz - exhibited one or 
more of the following features: (1) diffused, dark outlin- 
ing of some facet junctions; (2) white-appearing facet 
junctions where either the treatment did not "take" or 
where it had been abraded away; (3) a combination of 
fine, whitepppearing facet junctions immediately bor- 
dered on either side by slightly dark blue outlining; (4) 
irregular, minute, random, white-appearing abrasions 
on facet junctions and/or surface pits and scratches on 
facet surfaces; and (5) irregular blue coloration on some 
facets (some facets exhibited areas of no color). One of 
the pear-shaped topazes exhibited an exceptionally 
heavy deposit of the coating near its point. When 
examined with magnification in surface-reflected light, 
the iridescence became very noticeable on all specimens 
and the surface irregularities were easy to detect. 

Those specimens that tended to be more greenish 
blue-especially those displaying fairly prominent iri- 
descence -could be visually mistaken for some heat- 
treated zircon. R.I., birefringence, and S.G. readings 
would quickly help identify the gem materials as topaz 
or quartz, respectively. While there is no natural blue 
single-crystal quartz with which the Aqua Aura-treated 
quartz could be confused, it does bear a resemblance to 
some cobalt-doped blue synthetic quartz. In this in- 
stance magnification, as well as Chelsea-filter reaction 
and absorption spectrum, would make the separation. 
The "Aqua Aura" topaz might easily be mistaken ini- 
tially for the irradiated blue topaz that is so prevalent in 
today's gem market; in fact, Mr. Parentice did report that 
TransGemls product was being marketed as an alterna- 
tive. In all cases, however, the superficial iridescence is a 
strong indicator and magnification would quickly reveal 
the Aqua Aura treatment. 

A final point relates to the durability of this surface 
enhancement. Both quartz and topaz specimens were 
exposed to the electrically heated tip of a thermal 

Figtire 10. These two faceted topazes (the oval 
weighs 2.15 ct) and faceted hexagonal prism of 
quartz (18.18 ct) have both been treated by the 
Aqua Aura method. Photo by Robert Weldon. 

reaction tester; this produced no noticeable effect on the 
treatment layer. Furthermore, a number 6 Mohs hard- 
ness point failed t o  scratch an "Aqua Aura" faceted 
quartz and a number 7 Mohs hardness point had no 
apparent effect on one of the treated topazes. Testing of a 
treated stone with dilute hydrochloric acid also had no 
noticeable effect. It would thus appear that this enhance- 
ment is fairly durable. Note, however, that because this 
is a surface treatment, it would be partially or com- 
pletely removed during recutting or repolishing. 

New opal enhancement. Former GIA student Eunice 
Uin showed the Gem News editors two tumble-polished 
opals she had purchased in Mexico. The essentially 

Figure 11. As is evident in this topaz, the 
darker color outlining of some pavilion facet 
junctions and the irregular facet coloration are 
typical of Aqua Aura-treated stones. Photo- 
micrograph by John I. Koivula; magnified 5 X .  
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colorless, transparent stones exhibited play-of-color. 
One side of each, however, had been unevenly coated 
with a translucent, very dark brown, plastic-like mate- 
rial that gave the body color a somewhat dark appearance 
and accented the play-of-color when the stones were 
viewed from the uncoated side. When they were viewed 
from the coated side, even at low magnification (figure 
12)) gas bubbles could be seen in the coating. With 
magnification, i t  was also evident that the coating could 
be easily indented with a needle probe. 

Figure 12. This 10.3-mm-long opal, purchased 
in Mexico, had been coated on one side with a 
dark, plastic-like material. Photomicrograph by 
John I. Koivula. 

"Plastic"-coated sugar-treated opal. A number of treat- 
ments have been used on otherwise unusable oval from 
various localities to produce a dark background, thereby 
reducing light scattering and bringing out play-of-color. 

Recently John Fuhrbach, a gemologist from Amarillo, 
Texas, sent us an unusual 16.58-ct opal (figure 131 for 
examination. The essentially opaque, low-domed oval 
cabochon had a uniform black body color and displayed a 
fairly strong, evenly distributed pinfire play-of-color that 
was predominantly green with minor amounts of yellow 
and orange. 

The opal displayed some rather interesting gemologi- 
cal properties. Spot R.I. readings on the dome gave values 
of 1.45, but the base produced values of 1.56 to 1.57. 
When exposed to long-wave U.V radiation, the dome 
fluoresced a very strong yellow-green whereas the base 
fluoresced a very strong chalky blue-white. The short- 
wave U.V reactions were similar but somewhat weaker, 
and there was no phosphorescence to either wavelength. 
Microhardness tests on both the dome and the base 
showed that the stone could be easily indented with the 

Magnification revealed two key features. First, we 
noted the typical "peppery," speckled appearance that is 
associated with sugar-treated opal from Australia. Sec- 
ond, the entire cabochon was seen to be coated with a 
transparent, colorless material. This coating was signifi- 
cantly thicker on the base than on the dome, and gas 
bubbles were noted in the thicker base coating. A small 
scraping taken from the coating on the base was tested 
with a thermal reaction tester ("hot point"), producing 
an acrid odor reminiscent of that noted with some 
plastics. 

We concluded that the stone was a sugar-treated opal 
that had subsequently been coated with a plastic-like 
substance. The uncharacteristically high R.I. reading on 
the base was attributed to the thick coating of the 
plastic-like material on that side; the different U.V 
fluorescence reactions of the dome and the base were 
believed to be due to the variation in thickness of the 
"plastic" layers; while the unusually low S.G. was 
attributed at least in part to the significant "plastic" 
component, with the porosity of the starting material 
possibly a contributing factor. 

SYNTHETICS AND SIMULANTS - 
Knischka synthetic ruby update. Professor P. 0. 
Knischka of Steyr, Austria, reports that he has produced 
synthetic ruby crystals over 5 cm in length that have 
yielded faceted stones as large as 67 ct. Material is being 
n~arketed in the form of faceted stones in sizes ranging to 
over 11 ct, as preforms that may exceed 25 ct, and as 
rough "macro-clusters," "plates," and "micro-clusters." 
The fashioned materials are marketed in three qualities 
based on the extent of inclusions and in colors described 

Figure 13. Both sugar treatment and coating 
with a plastic-like substance were used to en- 
hance this 16.58-ct opal. Photo by Robert 
Weldon. 

point of a straight pin. Hydrostatic weighings produced 
an S.G. value of 1.91. 
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Figure 14. This half-crystal of Knischka synthetic 
ruby weighs 40.65 ct. Photo by Robert Weldon. 

by Professor Knischka as "light, medium, [and] dark in 
Burmese pink tone or Thai purple tone." 

Recently, Dr. Edward J. Gubelin provided us with a 
large half-crystal of Knischka synthetic ruby. The crys- 
tal, which had been sawn down its length and the cut 
surface polished, weighs 40.65 ct and measures 39.66 
mm long x 17.90 mm in largest diameter (figure 14). It is 
dark purplish red, exhibits accordian-like deep growth 
steps perpendicular to and along the length of the 
crystal, and contains the glassy two-phase inclusions 
and platinum platelets previously noted in this material 
(see E. Giibelin, "New synthetic rubies made by Pro- 
fessor l? 0. Knischka," Gems o) Gemology, Vol. 18, No. 3, 
pp. 165-168). 

Fluorite imitating emerald. A number of ICA Laboratory 
Alerts and reports in the gemological literature have 
appeared over the past few years concerning imitation 
emeralds fabricated out of natural as well as man-made 
materials. Earlier this year, the ICA released a Laboratory 
Alert Update that describes yet another type of "crafted" 
specimen. 

Submitted by Jean-Paul Poirot of the well-known Paris 
laboratory, it describes what at first appeared to be an 
emerald crystal in matrix. The specimen, which origi- 

nated in Madagascar, was found to consist of a green 
fluorite crystal that had been attached with a mica-laden 
glue to a block of tourmaliniferous rock. One end of the 
crystal had been given a roughly hexagonal shape, and 
cleavages gave the impression of growth lines. 

Mr. Poirot cautions that the spectrum of green fluorite 
is somewhat similar to that of emerald and that such 
stones also appear red through the Chelsea color filter. 
The fluorite fluoresced a strong violet-blue to long-wave 
U.V. radiation, while the glue around its base fluoresced a 
strong yellowish white. The identification of the crystal 
was confirmed by X-ray diffraction analysis. 

Imitation jade carving. On a visit to the jade market in 
Kowloon, Hong Kong, this past January, one of the 
editors (RCK) obtained a carved sphere that was repre- 
sented (not surprisingly) as jade (figure 15). Testing of 
this attractive ornamental object at GIA Santa Monica 
revealed that it was quite interesting gemologically. 

The sphere weighs 186.7 grams (933.5 ct) and ranges 
from 52.0 to 53.3 mm in diameter. It is opaque except in 
thin edges, where it is semitranslucent. Although it is 
predon~inantly a mottled dark reddish brown grading to 
medium yellowish brown, approximately 40% of the 
surface area is a strongly mottled medium yellow-green 
to vivid, dark yellowish green. 

Although we could not obtain a refractometer reading 
because of the condition of the surface (see below), we did 
detect a birefringence blink, which indicates a material 

Figure 15. Sold as "jade" in Hong Kong, this 
carved sphere was determined to be a selec- 
tively dyed rock consisting of calcite and lesser 
amounts of serpentine. Photo by Robert Weldon. 
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of high birefringence. When examined through a 
Chelsea color filter, the greenish areas appeared grayish 
green while the brown areas looked red-brown. All areas 
were inert to both long- and short-wave U.V radiation, 
and there was no phosphorescence. Testing on an incon- 
spicuous area revealed a Mohs hardness of approx- 
imately 3. 

Magnification revealed a very mottled texture with 
some areas that were near-colorless to white in both 
brownish and greenish portions. Brown color concentra- 
tions were noted in surface-reaching fractures in the 
brownish areas, while both brown and green color 
concentrations were seen in green areas; small chipped 
spots in the brownish areas showed a lighter brown color 
and had a granular texture. Many of the incised areas 
contained concentrations of an off-white to yellowish 
material that readily melted when touched with a 
thermal reaction tester. 

Chemical tests were also performed in inconspicuous 
spots. Both the brown and the green areas effervesced to 

a small drop of dilute hydrochloric acid. Rubbing of 
brown areas with an acetone-dipped cotton swab pro- 
duced a strong red-brown discoloration, while similar 
testing in green areas showed a less obvious but still 
definite green discoloration. 

X-ray diffraction analyses of scrapings from both the 
green and the brown areas were performed by C. W Fryer. 
Material taken from the brown area produced a strong 
pattern for calcite; the X-ray diffraction pattern for the 
green area showed strong lines corresponding to calcite 
plus sliglitly weaker lines that matched a general pattern 
for serpentine. 

On the basis of the above, the editors identified the 
sphere as a rock consisting of calcite and lesser amounts 
of serpentine that had been selectively dyed, the whole 
piece having been wax or paraffin coated. It is possible 
that before treatment the areas containing serpentine 
had a light green color which led to the selective dyeing 
of these portions with a green coloring agent to intensify 
the effect. 

The Tucson Gem and Mineral 
Show will be held February 13-17, 
199 1, at the "Ricson Convention 
Center. The featured mineral for 
the show is azurite. For more infor- 
mation, contact the Tucson Gem 
and Mineral Society, PO. Box 
42543, Tucson, AZ 85733. 

The American Gem Trade Asso- 
ciation will be in Tucson February 
9-14 at the Convention Center. 
They will announce the winners of 
the Spectrum Awards (a jewelry 
contest aimed at the effective use 
of colored stones) at that time. For 
information, contact the AGTA 
headquarters at the World Trade 
Center #181, PO. Box 581043, 
Dallas, TX 75258, (214) 742-4367; 
for reservations, call (800) 
972-1 162. 

The Gemological Ins ti tute of 
America will present various lec- 
tures and seminars in Tucson, Feb- 
ruary 9-14, at the Convention Cen- 
ter. For information, call (800) 
421-7250, ext. 227, or write GIA, 
PO. Box 21 10, Santa Monica, CA 
90406. 

The Gemological Institute of 
America is sponsoring the Interna- 

tional Gemological Symposium 
June 20-24, 1991. Experts will be 
speaking on such diverse topics as 
colored stone and diamond sources, 
gem identification, antique and pe- 
riod jewelry, synthetics and sim- 
ulants, diamond market perspec- 
tives, jewelry for the 20th century 
and beyond, global economics, mar- 
keting and merchandising chal- 
lenges, and pearls. On Sunday, key 
figures will address some of the 
most important-and controver- 
sial-issues in the industry, includ- 
ing new technologies in gem iden- 
tification, quality analysis of col- 
ored stones, and current concerns 
in jewelry evaluation and ap- 
praisals. Poster sessions, a noncom- 
mercial marketplace of new ideas, 
will also be held on Sunday. Each 
day also has its share of social 
events, where attendees can meet 
each other and the speakers and 
panelists, including a grand finale 
at the Los Angeles County Mu- 
seum of Natural History. For more 
information, contact GIA at (800) 
421-7250, ext. 211, or write to GIA 
at PO. Box 2110, Attn: Symposium 
Office/Resource Development, 
Santa Monica, CA 90406. 

The Israel Precious Stones and Dia- 
mond Exchange Ltd. has announced 
new telephone and facimile num- 
bers as of June 3, 1990. These are 
(972-3) 5751 177-83 and (972-3) 
5752547, respectively. 

The State Gem Corporation of Sri 
Lanka has announced that, effec- 
tive August 1, 1990, the export of 
"geuda" rough will be open to 
dealers from all countries who ob- 
tain registration with the Manager, 
State Gem Corporation, Geuda 
Trading Centre, Ratnapura. Pro- 
cedural details can be obtained on 
written request to the manager. In 
the past, only dealers from Thai- 
land were eligible for permits to 
export geuda. 

Also from the State Gem Corpora- 
tion comes an announcement of 
the establishment of a Gem & Jew- 
ellery Exchange in Colombo. The 
exchange will provide rooms that 
may be rented by foreign buyers 
and service facilities so that it may 
serve as a "One Stop Export Shop." 

238 Gem News GEMS & GEMOLOGY Fall 1990 



BOOK 
son~ething one does not often see 
these days. 

JOHN SINKANKAS 
Peri Lithon Books 

San Diego, C A  

EMERALDS OF PAKISTAN: 
GEOLOGY, GEMOLOGY 
AND GENESIS 

Edited b y  All  H .  K m i  and 
Lawrence W Snee, 269 pp., ill~is., 
publ. by the Geological Survey o f  
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Hinks, R. Ligh~brown, 1. Ogden, and 
D. Scarisbriclz, 192 pp., illus., publ. 
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- 

Elise B. 
Lorettci B. Loeb, Editors . _ _ _ _ , _ _ _ . . I  This is a major and important addi- 

tion to the scientific literature on 
beryl, more specifically, the emerald 
variety. While the content is largely 
devoted to the geologic/geochemical 
aspects of emerald-bearing deposits, 
with the greatest emphasis and detail 
placed on those in Pakistan and 
neighboring Afghanistan, there is 
much that will prove interesting and 
useful to the practicing gemologist. 
The text consists of nine topical 
chapters followed by a very large 
bibliography (about 450 entries!), au- 
thor as well as subject indexes, and 
short biographies of the 14 authors 
who were involved in the compila- 
tion of the'text. I heartily concur in 
the decision of the publishers to tell 
us a bit about the writers-all too 

the Palzistani emeralds, and it is here 
that the practicing gemologist will 
find those specifics that will serve 
him well in distinguishing these 
stones from those found elsewhere in 

Prominent English jewelry historian 
Diana Scarisbriclz, together with a 
team of specialists, has produced a 
well-illustrated, evenlv written sur- the world. As we have come to expect 

from Gubelin, there are excellent 
descriptions of inclusions and many 
fine supporting color photographs. 

vey of jewelry design sources from 
ancient times to the present day. 

Mrs. Scarisbriclz is responsible 
Less useful to the lay reader but for the lively and engaging introduc- 

t ion  as well as for the chapters on 
Renaissance and Baroque jewels and 
on Romanticism of the 18th century. 

invaluable to the student of gem- 
stone deposits and causative geol- 
ogy/geochemistry are chapters five 
and six, which discuss the chemical Each of the other authors covers a 
differences among emeralds and host 
rocks in Pakistan and Afghanistan 
with implications for the origin of 
emerald. The authors are Snee, E. E, 
Foord, B. Hill, S. J. Carter, and J. M. 
Hammarstrom. The geochemistry of 

particular period of jewelry history, 
with enlphasis on the eminent de- 
signers and craftsmen of the time and 
on events that shaped and influenced 
jewelry design. Together, they exam- 
ine the full spectrum of interaction 

often biographical notes are placed 
on d~istjaclzet flaps and sooner or 
later discarded or lost. 

The opening chapter, by A. H. 
Kazmi, is a useful overview of the 
broad geology and n~etallogenic pro- 
vinces of Pakistan. It serves as the 
foundation for the next chapter-by 
R. D. Lawrence, Kazmi, and L. W. 
Snee-on the geologic setting of the 
Pakistani emerald deposits. While 
this second chapter offers the reader 
a more specific geologic discussion of 
the deposits, it is the third chapter, on 
the deposits themselves- by Kazmi, 
J. Anwar, S. Hussain, T. Khan, and H. 
Dawood - that will prove the most 
interesting and useful to the reader 
who wants to know just where the 

fluid inclusions in the emeralds is between cultural  and aesthetic 
deemed sufficiently distinctive and 
valuable to merit its own chapter 
seven by R. R. Seal 11, while chapter 

values and stylistic evolution, cap- 
turing, with charm and erudition, 
the era under consideration. Jack 

eight is an excellent precis of the 
geology of world emerald deposits by 
Kazmi and Snee. The last text chap- 
ter, by the same authors, discusses 
the origin and classification of both 
Pakistani and other world-source 
emerald deposits. 

As the author of Emerald and 
Other Beryls, I fully appreciate the 
enormous amount of work that went 
into the present treatise. Make no 

Ogden presents jewelry of the an- 
cient world, Ronald Lightbrown dis- 
cusses Medieval jewelry arts, Peter 
Hinks is the authority on Victoriana 
and the Belle Epoque, and Patricia 
Bayer describes jewelry of the late 
19th century through Art Deco in 
the first half of the 20th century. 
Post-World War 11 is Vivienne 
Becker's area of interest, and Helen 
Craven looks  at  contemporary  

deposits are, and the kinds of stones 
that can be expected from them. Like 
the previous chapters, this one is well 
illustrated with maps, diagrams, and 
photographs, some in color, and con- 
cludes with a long reference list. In 
chapter four, E. J. Gubelin describes 
the gemological characteristics of 

mistake in this regard: Emeralds of 
Pakistan is full of information that 
will serve the geologist, mineralo- 
gist, geochemist, and gemologist for 

craftsmen. 

many years to come. I recommend i t  
heartily and 1 am sure you will also 
be charmed by its superior touches, 
including a blue marker ribbon- 

This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, eXt. 282. 
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This useful book also provides 
h a n d s o n ~ e l y  reproduced photo- 
graphs, a brief glossary, and, mer- 
cifully, a general index. If a minor 
con~plaint must be n~entioned, it is 
that the book is somewhat over- 
designed: The pages of reverse type 
(white on black) are difficult to read, 
and the dimensions make the book 
son~ewhat awkward to handle. While 
this may disconcert overly critical 
reviewers, it does not detract from an 
otherwise first-rate book or the 
wealth of well-researched documen- 
tation in an attractive and much- 
needed reference. 

Neil Letson 
N e w  York City, NY 

ILLUSTRATED GUIDE T O  
JEWELRY APPRAISING: 
ANTIQUE, PERIOD, AND 
MODERN 
By Anna M. Miller, 180 pp., illus., 
publ. b y  Van Nostrand Reinhold, 
New York, 1990. USS34.95"' 

Jewelry appraising has become in- 
creasingly complex, especially in the 
last decade, and it is essential that 
the professional be aware of the 
many aspects involved in writing a 
responsible appraisal. Anna Miller, 
author of Gems and Jewelry Apprais- 
ing, has provided a second book on 
this topic that is an indispensable 
tool for both novice and veteran. 
While both books emphasize the inl- 
portance of education and research, 
and give detailed information on the 
nuts and bolts of the profession, there 
is surprisingly little overlap. Where 
her first volume focuses on conduct- 
ing an  appraisal, the Illustrated 
Guide to Jewelry Appraising pro- 
vides more detail on est imating 
values for specific types of jewelry. 

Chapter 1 of the Illustrated 
Guide defines the function and ob- 
jective of the professional jewelry 
appraiser today, as well as the pur- 
pose of the appraisal itself. These are 
two seemingly obvious points that, 
in truth, have far-reaching conse- 
quences. 

The next chapter outlines the 
mechanics of perforn~ing an  ap- 

praisal, including the use of price 
guides, judging the quality of stones 
and workmanship, and noting the 
present condition of the piece. 

The third chapter underscores 
the importance of understanding his- 
toric elements as they relate to an- 
tique and period jewelry. The influ- 
ences of dress, motifs, and cultures 
on jewelry design is concisely pre- 
sented. 

Chapter 4 focuses on the evalua- 
tion of specific types of jewelry, such 
as rings, earrings, necklaces, brace- 
lets, brooches, pearls, watches, and 
charms. For each type of jewelry, the 
author provides a brief chronology of 
its use throughout history, along 
with hints on how to date a piece and 
judge its quality. Additional insight 
is offered in a discussion of fre- 
quently asked questions with their 
answers. A sidebar giving a "model 
appraisal narrative" shows how a 
well-formulated appraisal for that 
type of jewelry might be presented. 

Chapter 5 examines the ap- 
praisal document itself. Information 
that should be included in every 
appraisal, a critique of appraisal doc- 
un~ents ,  and samples of different 
types of appraisals are outlined. 

The many useful appendices at 
the end of the book will serve as 
ready references 011 such topics as 
gem cuts, weight estimation for- 
mulas, ring-size equivalents, gem- 
stone handling, and auction houses. 
The author also provides glossaries 
together with an extensive bibliogra- 
phy and an  index. Many black-and- 
white photographs and sketches il- 
lustrate the text, and most of the 
jewelry is photographed from both 
the front and the back, which is very 
helpful for the appraiser. 

The Illustrated Guide to Jewelry 
Appraisingadds tremendously to the 
literature available on this subject. 
By selecting, organizing, and con~pil-  
ing salient information that pertains 
to this evolving profession, Miller 
makes the appraiser aware of the 
many things that need to be consid- 
ered before writing an appraisal. The 
in~portance of kecping abreast of de- 
velopments in legislation and the 
world economy is also highlighted, 
reminding the reader of the ever- 

changing nature of this exacting pro- 
fession. 

Elise B. Misiorowski, G.G. 
GIA  Research Librarian 

Santa Monica, C A  

OTHER BOOKS RECEIVED 

The 4 C's Value of Diamonds, b y  
Anna Cheng, 199 pp., illus., piibl. b y  
China Television Publishing Co., 
Taipei, Taiwan, 1987, USS39.50.' 
Those who read Mandarin Chinese 
will find this book about the 4C's of 
evaluating diamonds most useful. I11 

28 concise chapters, long-time gem- 
ologist Anna Cheng discusses the 
history, mining, and cutting of dia- 
monds, diamond grading, and mar- 
keting. Additional interesting topics 
in this book are other grading sys- 
tems, how to analyze a diamond 
certificate, and how to interpret a 
price list. The author also examines 
the buying and selling of diamonds, 
touching on quality versus commer- 
cial goods, auctions, and cautionary 
tips. Ms. Cheng captures the mystery 
and intrigue of dian~onds by provid- 
ing histories of several famous dia- 
monds. Beautifully illustrated with 
full-color photographs and diagrams, 
this is a nice educational coffee-table 
book for those who seek more infor- 
mation 011 diamonds. LBL 

Diamond Cutting: A Complete 
Guide to Diamond Processing, 3rd 
Edition, b y  Basil Waternieyer, 406 
pp., illus., publ. b y  Cape Town Pur- 
nell, Cape Town, Republic o f  South 
Africa, 1988, US$59.00.' Like the 
first edition of this detailed manual 
(reviewed in the Spring 1983 issue of 
Gems  &> Gemology), this third edi- 
tion gives step-by-step instructions 
for every phase of cutting. The 56 
chapters cover almost every aspect of 
processing dian~onds, ranging from 
the identification of rough, to the 
operation of automatic faccting ma- 
chines and the fashioning of several 
fancy cuts. New to this edition is a 
chapter on the Princess cut and 70 
additional diagrams. This unique 
book is highly reconln~ended for stu- 
dents and diamond cutters alike. 

LBL 
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COLORED STONES AND 
ORGANIC MATERIALS 
A contribution to the distinguishing characteristics of 

sapphire from Kashmir. H. A. Hanni, Journal of 
Gemmology, Vol. 22, No. 2, 1990, pp. 67-75. 

Dr. Hanni's article is essentially a discussion of the 
absorption spectra and inclusions of Kashmir sapphires. 
According to Dr. Hanni, "the term Kashmir Sapphire is 
used to denote the origin of a stone from a specific 
location and should not be regarded as a term describing 
either quality or color." Following brief summaries of 
history, literature, and visual appearance, a description 
of absorption spectra and chromogens for blue sapphires 

This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest to 
our readership, 

Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA. 

0 7990 Gemological Institute of America 

in general leads to the conclusion that certain absorption 
features in the 280-500 nm optical region can be used 
diagnostically. Details of how to control and use these 
relative strength comparisons are, however, not pro- 
vided. 

Hanni states that both previously reported and new 
inclusions were observed in the study samples (of 
unspecified number). In the discussion of the specific 
inclusions, however, specific references to previous liter- 
ature are not always provided, so it is not clear whether a 
feature is newly observed, newly identified, or simply 
confirmation of previous reports. Similarly, i t  is not 
stated which features, other than the already-known 
tourmaline and pargasite inclusions, can be considered 
diagnostic of Kashmir origin. Uraninite and allanite 
appear to be newly identified, but i t  is not stated whether 
these have been reported for blue sapphire from other 
localities. Eight color and 13 black-and-white illustra- 
tions accompany this article. CMS 

On two colour types of Mn^-bearing beryls. A. N. 
Platonov, M. N. Taran, and V. A. Klyakhin, 
Zeitschrift der Deutschen Gemmologischen Ges- 
ellschaft, Vol. 38, No. 4, 1989, pp. 147-154. 

The origin of color in morganite, red beryl, and pink to 
purple Russian hydrothermal synthetic beryls is studied 
using ultraviolet-visible absorption spectroscopy. The 
authors state that it is "known" that morganite and red 
beryl are colored by Mn3+, although the two materials 
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have a very different dichroisn~ and color stability: The 
color of morganite fades completely on heating at 500Â°C 
and can be restored by X-ray irradiation, while red beryl 
is unaffected by heating to 1000Â° or more. From a 
detailed analysis of the absorption spectra, the authors 
infer that Mn3+ has different coordination symmetries 
in n~organite and red beryl. Also, synthetic pink beryl 
and natural red beryl from Utah have a much lower 
lithium (Li) content than morganite. Therefore, color 
fading in morganite might be due to electron traps 
created by the substitution of Li + for Be2+ according to 
the reaction: 

2Be7-+ -> 2Li + + VZ+ (V = oxygen vacancy) 
Such centers have been studied in other materials where 
they have a similar thermal stability range. With heating 
to about 500Â°C the electron is released from its trap and 
comes back to the manganese ion, which then becomes a 
MnZ+ ion, which does not produce a significant colora- 
tion. EF 

DIAMONDS 
Spectroscopic study of natural diamonds in China. J. 

Guo, F. Chen, X. Cai, and H. Deng, Chinese Journal 
of Geochemistry, Vol. 9, No. 2, 1990, pp. 161-168. 

The authors report on the visible and infrared absorption 
spectra of natural diamonds from China. Low levels of 
nitrogen were found to be present in some type I1 
diamonds, but the nitrogen is in different stages of 
aggregation, suggesting that diamond formation took 
place under a variety of geologic conditions. Type lb 
diamonds (with dispersed nitrogen) may occur in  
amounts up to 2% in some placer deposits in Hunan; 
this abundance is higher than has been generally be- 
lieved for the occurrence of type Ib diamonds. Some type 
la diamonds display a green color due to natural irradia- 
tion. Type la diamonds from Hunan and Hubei provinces 
exhibit a variety of absorption bands, including the GR1 
(741 nm), 637 nm, 595 nm, 575 nm, 3H (503.6 nm), H3 
(503.2 nm), H4 (496 nm), and ND1 (393.6 nm), all of 
which result from natural radiation damage. Documen- 
tation of such diamonds is of great interest because of the 
continuing debate regarding the separation of natural 
from laboratory-treated green diamonds. Last, the au- 
thors report their observations on the presence of hydro- 
gen in various complexes in diamonds from these 
deposits. Information on diamonds of known geographic 
origin is of great value. 1Es 

Testing of colourless natural diamonds by room tem- 
perature optical absorption. G. Lifante, F. Jaque, M. 
A. Hoyos, and S. Leguey, Journal of Gemmology, 
Vol. 22, NO. 3, 1990, pp. 142-145. 

The authors describe a technique whereby weak optical 
absorption features, specifically those related to the N3 
center in diamonds, can be enhanced by taking the first 
and second derivatives of the spectral graphic. The 

importance of this absorption feature, and of a method 
for testing it, is attributed to the potential need to 
distinguish colorless natural and synthetic diamonds in 
the future. The authors also discuss the value of this 
technique as a replacement for cryogenic cooling, which 
they feel is potentially destructive, although it should be 
pointed out that GIA has successfully run spectra on 
thousands of cryogenically cooled colorless and near- 
colorless diamonds without damaging a single stone. 
However, a particular advantage of the authors' method 
is that, since most spectrophotometers come with deriv- 
ative capabilities as standard equipment, no additional 
cryogenic apparatus is required-a useful feature to 
laboratories with a limited budget. Illustrations of ab- 
sorption spectra and their derivatives clearly demon- 
strate the potential of this method. C M S  

GEM LOCALITIES 
Gemstones of New Hampshire. J. J. Bradshaw, Rocks &> 

Minerals, Vol. 65, No. 4, 1990, pp. 300-305. 
New Hampshire has produced a variety of museum- 
quality gem crystals and rare mineral specimens. This 
article, written by the curator of the Mineralogical 
Museum's gemstone collection at Harvard University, 
provides information on the key localities in New 
Hampshire. The gem materials found there include: 
almandine, beryl (varieties goshenite, heliodor, aqua- 
marine, and cat's-eye aquan~arine), fluorite, quartz, 
spodumene, topaz, apatite, brazilianite, iolite, la- 
bradorite, phenacite, and rhodonite. Seven color photo- 
graphs, including a picture of a 730-ct aquamarine 
carving of a mermaid, illustrate the article. Among the 
rare minerals are hurlb~itite, lazulite/scorzalite, au- 
gelite, eucryptite, hydroxylherderite, limonite, and 
tremolite (actinolite). 

This entire issue of Rocks e) Minerals is devoted to 
New Hampshire minerals, fossils, and geology; it in- 
cludes an article on a new find of pseudomalachite. 

Ron Conde 

Maricota, un nouveau gisement d'andalousite [Minas 
Gerais, Bresil] (Maricota, a new andalusite deposit 
[Minas Gerais, Brazil]). J. Cassedanne, Revue de 
Gemmologie a.f.g., No. 100, 1989, pp. 7-9. 

An extensive review of all reports in the literature of 
andalusite in northern Minas Gerais precedes the cle- 
scription of a new andalusite deposit, called Maricota, in 
this area. Although this mineral is of metamorphic 
origin, all the deposits of this gem in Brazil are alluvial. 

The new deposit is close to the Jequintinhonha 
River, 40 lim northeast of Aracuaf, and is easily access- 
ible. The geology of the area principally consists of 
schists with pegmatite intrusions and irregular quartz- 
rich veins. Although all three environn~ents contain 
andalusite, because they are deeply weathered the gem 
material is collected by digging through colluvial de- 
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posits. Mining is primitive: Holes no more than a few 
meters deep are dug at random, and the gems are sorted 
by hand, without the aid of water. About 80 gurimpeiros 
worked the deposit in July 1989. No production esti- 
mates are available. 

The faceted gems (some up to 25 ct have been cut) 
show properties typical of the species. The dichroism is 
pale olive green to violetish red [sic], and the short-wave 
U.V luminescence exhibits a "n~ustard" color. Common 
inclusions are channels parallel to the c-axis, sillin~anite 
needles, platelet crystals of what appear to be hematite 
or ilmenite, and two-phase inclusions and "veils" that 
are generally perpendicular to the c-axis. EF 

INSTRUMENTS AND TECHNIQUES 
The diamond drill used in the Cambay bead industry. 

R. V Karanth, Journal of Gemmolosy, Vol. 22, No. 
2, April 1990, pp. 91-96. 

Mr. Karanth meticulously describes the traditional bow- 
drill method that has been used for centuries in Cambay, 
India, to drill bead holes. The combination of bow- 
drilling action and double-tipped diamond drills creates 
a characteristic drill-hole impression that the author 
feels has been inadequately explained by archaeological 
a n a l y ~ t s ~ h e n c e  this article in response. Modern bow- 
drill methqdology, which apparently differs from ancient 
practices'ohly by the use of metals, should shed light on 
those practices. According to the author, modern lapi- 
daries conrinue to use this technique because it allows 
them to collect the by-product silica powder, which 
would be lost with an ultrasonic perforator, for use in 
polishing compounds. The method is relatively rapid in 
the hands of a skilled lapidary, yielding about 50 drilled 
5 - n ~ m  beads per day. To the complaint of crooked drill 
holes, the author responds that it is the mark of this 
unusual lapidary art and should be valued for its 
aesthetic associations. Black-and-white drawings of the 
apparatus and its drill-hole patterns accompany the 
article. CMS 

Economical microscopes for gemmologists. T. Linton 
and G. Brown, Australian Gemmologist, Vol. 17, 
No. 4, pp. 120-121 and 156-158. 

This instrument evaluation covers three n~icroscopes of 
largely Chinese manufacture that are marketed by 
Industrial &Scientific Supply Co. Pty. Ltd. of Wellington 
Point, Queensland, and a Dutch-manufactured fiber- 
optic light source. 

The SZM-1 stereozoom microscope has a magnifica- 
tion range of 7-40 x with 10 x eyepieces, and provides 
an 88-mm working distance and 28-mn~ field of view at 
7 x . It has a stable base with a reversible flat and concave 
light-reflecting n~irror, illun~ination being provided by a 
20W, 12V focusable quartz-halogen light source. An 
accessory darkfield cone supplied with the instrument 
provided high-intensity, strongly contrasting darkfield 

illumination. According to the evaluators, however, the 
darkfield system did produce confusing reflections from 
the surface of the cone's baffle. [Although not criticized 
bv the authors, it seems to this abstractor that the 
described procedure required to focus the instrument for 
the entire zoom range appears to be a bit tedious.] 

The basic SM-4G stereoscopic microscope is report- 
edlv made to be used with a wide selection of accesso- 
ries; one such attachment described is a transmitted- 
light illuminator base. This microscope has five magni- 
ficationoptionsof 6.4 X ,  l o x ,  16 X,  25 X ,  and 40 X ,  with 
the working distance being constant for all magnifica- 
tions at 100 mm, making it useful for examining larger 
gems and gem rough. The field of view is 29 m m  at 6.4 x . 
The darkfield accessorv, as described for the SZM-1 
microscope above, produced confusing reflections with 
the SM-4G instrument as well. An accessory-articulated 
side-arm light source received some criticism from the 
standpoint of its electrical wiring, but overall the evalua- 
tors considered this to be an  excellent instrument, 
especially for students. 

The SMS-10 is described as a small binocular stereo- 
microscope with fixed 20x  magnification, a 70 m m  
working distance and a 9.2 m m  field of view. It report- 
edly has good optics; unfortunately, the back focus of the 
eyepieces makes it unsuitable for use by some wearers of 
eyeglasses. This microscope can be fitted with the same 
light base designed for the SM-4G described above. 

The EK-1 fiber-optic light source features a 12V 1 0 0 y  
3400K quartz-halogen projection light source that can be 
directed through either a single or a twin 500-mm 
flexible fiber optic-light guide. The heat generated by 
the lamp is adequately controlled by a fixed-heat filter 
and a low-noise cooling fan. - 

The authors of this report found all instruments 
examined to be well worth their prices in Australia. 

R CIZ 

La microspectrofluorescence et ses applications en gem- 
mologie (Microspectrofluorescence and its appli- 
cations to gemology). J. Dubois-Fournier, B. Le- 
nain, and D. Le Maguer, Revue de Gemm01o~yie 
a.f.g., No. 100, 1989, pp. 15-18, 

In this article, the authors explore details of the fluores- 
cence of corundum, in particular, ruby. The causes of 
chromium luminescence in ruby are discussed in gen- 
eral terms. The authors then describe a prototype 
microspectrofluorimeter, which helps obtain high-reso- 
lution luminescence spectra of sample areas as small as 
half a micron in diameter. Details of the red-end emis- 
sion spectra of a series of flame-fusion synthetic rubies 
are given, including the positions of emission lines 
related to isolated Cr3+ atoms, pairs of Cr3+ atoms, and 
phonons. These lines vary in intensity according to the 
orientation of the stone. The isolated Cr3 + lines increase 
in strength with chromium concentration, until the 
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Cr3+ pair lines become significant; then they begin to 
decrease. 

This technique has been applied to help separate 
ruby, red spinel, and pyrope garnet set in jewelry. This 
instrument can also detect differences in the fluores- 
cence of natural and flame-fusion synthetic blue sap- 
phires. Using a laser emitting at  325 nm, the authors 
have detected the fluorescence of vanadium in V-rich 
Burmese rubies: It appears as a golden yellow trace along 
the laser beam in the otherwise red-lun~inescing stone. 

The authors conclude by emphasizing that not only 
the presence of iron, but also a higher than average 
concentration of iron can quench ruby's lun~inescence. 
They also point out the usefulness of their prototype 
instrument in obtaining quantitative measurements of 
the luminescence. EF 

The OMF Faceter. R. I? Homer, Lapidary Journal, Vol. 44, 
No. 3, June, 1990, pp. 26-4 1. 

Mr. Homer investigates a "faceting" machine that is 
capable of cutting concave and convex surfaces on 
gemstones. The OMF Faceter en~ploys a series of preci- 
sion-machined cylinders that can be used in a variety of 
positions. The resulting ability to cut curved surfaces 
allows cutters to focus, diffuse, condense, or disperse 
light in ways that are very striking. The amount of 
technical detail provided by the author makes this 
article of particular interest to the lapidary. WRV 

PRECIOUS METALS 
Dall'alchimia alla moderna farmacopea, la fortuna e 

l'illusione dell'oro nella medicina (From alchemy 
to the modern pharmacopoeia, luck and illusion of 
gold in medicine). P. Ciampi, Joy Oro, Vol. 3, No. 2, 
December 1989, pp. 20-25. 

The author provides an historic account of the use of 
gold in the alchemic and medical fields. As far back as 
the 2nd century B.C., Chinese medical practitioners 
believed that gold would increase longevity. This theory 
persisted throughout the Middle Ages when the alche- 
mists not only believed in the ability of this precious 
metal to increase the life span, but also as being the 
universal cure for diseases such as ulcers, tapeworms, 
skin ailments, and epilepsy, Evolving in the 18th century 
as metallotherapy, gold was used in treating nervous 
disorders and venereal disease. During the 19th and 20th 
centuries, gold salts were thought to work against the 
tuberculosis bacteria; colloidal gold, thought to be less 
toxic, was widely used as anti-infection agents and 
disinfectants for skin score. Today, this precious metal 
has lost its luster as a panacea. Those persons who were 
carelessly treated with the "medicinal gold" have been 
found to develop gold crystal deposits in the eyes and 
have increased chances of anemia, dermatosis, and liver 
and kidney lesions. However, it is still used to treat 
chronic rheumatoid arthritis. This article is printed 
bilingually in Italian and English. Rose Tozer 

Suppliers battle underkarating. M. Thon~pson, Jewelers' 
Circular-Keystone, Vol. 161, No. 4, April 1990, pp. 
78-80. 

Underkarating is one of the most common types of fraud 
in the jewelry industry today. OroAmerica, a manufac- 
turer of 14K gold jewelry, and Engelhard Corp., a gold 
supplier, decided to take matters into their own hands by 
instituting highly visible programs whereby they would 
guarantee the karatage of their gold, thus attacking the 
problem in the early stages of manufacturing. 

OroAmerica now gives every retailer who buys from 
them a trademark guide that "certifies" the gold content 
of their jewelry, explains what a trademark is and why it 
is needed, and provides information on the karat stamp 
and other facts about gold jewelry. The guide accom- 
plishes two things: It assures retailers that they are 
receiving genuine goods, and it serves as a marketing 
tool that retailers can use when discussing gold with 
their customers. 

Engelhard Corp has developed a "Golden Guaran- 
tee" program, which assures its manufacturer and 
wholesaler customers of the quality of its gold sheet, 
wire, and grain. All of their goods have been assay tested 
to ensure that the gold content is above the minimum 
required by law. Engelhard will place a logoguaranteeing 
the gold content on all paperwork and will attach tags to 
the gold products sent to manufacturers. KBS 

SYNTHETICS AND SIMULANTS 
Syntheses de l'emeraude [premiere partie] (Emerald 

synthesis [part one]). D. Robert, Revue de Gem- 
mofogie a.f.g., No. 100, 1989, pp. 4-6, 

In the first part of this two-part series, Mr. Robert 
discusses the earliest successful syntheses of emerald, 
achieved in France by Ebelmen in 1868 and then by 
Hautefeuille and Perrey 40 years later. Both used a flux 
technique, but obtained only millimeter-size crystals. 

Mr. Robert then reviews the constraints for success- 
ful synthesis from a melt: the problem of incongruent 
fusion, and detern~ination of the appropriate tempera- 
ture range. Major progress has been made over the years 
with the introduction of a seed crystal, the use of 
vanadium- or molybdenum-based flux materials, and 
the introduction of the hydrothermal technique, 

The various types of synthetic emeralds are men- 
tioned in chronologic order, emphasizing details of the 
technology and importance of the production. Several 
identification techniques are also discussed or ex- 
plained, accompanied by four photomicrographs. EF 

Syntheses de l'emeraude [2] (Emerald synthesis [2]). D. 
Robert, Revue de Gemmologie a.f.g., No, 101, 
1989, pp. 5-7, 

In the second and last part of this series, Mr. Robert 
explores progress in emerald synthesis over the last two 
decades, during which the number of growth processes 
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has increased. After a brief description of the Lennix 
process, the author states that, in his opinion, the 
mysterious element mentioned in the "Espig report" 
(Igmerald synthetic emeralds) as being needed to obtain 
good crystals is not vanadium, but fluorine. He substan- 
tiates his claim by sumn~arizing the theory for the 
formation of beryl deposits put forth by Beus, a Russian 
scientist, which incorporates fluorine as a major trans- 
port agent. This could be the key to understanding the 
modern hydrothermal synthesis of emerald or other 
colored varieties of beryl. This renewed interest in 
hydrothermal growth may also be due to a better choice 
for the crystallographic orientation of the seed and better 
lining materials for the autoclaves. The role of fluorine 
might be to avoid too fast a polymerization of silica 
tetrahedra and contribute to a better crystallinity. 

E F  

A synthetic by any other name. l? Read, Australian 
Gemmologist, Vol. 17, No. 4, 1989, pp. 153-156. 

A number of manufacturers of synthetic gem materials, 
both past and present, have attempted to avoid using the 
term synthetic in describing their products. Enumerated 
by the author in  this category are "Geneva rubies," 
"reconstructed rubies," "Chatham Created Rubies," 
"Pool Emeralds," and "Knischka Created Rubies." 

In this.rdport, Read touches on some of the marketing 
aspects related to the use of these names, including some 
information on the diagnostic inclusions in the products 
as they relate to the producers' claims. 

This brief article is a useful addition to the ongoing 
debate on the nomenclature for manmade gem mate- 
rials. RCK 

Two remarkable Lechleitner synthetic emeralds. K. 
Schmetzer, Journal of Gemmology, Vol. 22, No. 1, 
1990, pp. 20-32. 

The first part of this article entails an  exhaustive 
chemical and spectral study of two faceted samples of 
experimental Lechleitner hydrothermally grown syn- 
thetic emerald (not overgrowth). Both samples exhibit 
obvious growth planes parallel to the seed-crystal layer 
and to the table plane. Distinct color zoning corresponds 
to these growth planes and is attributed by the author to 
orientation of the seed plane with respect to the c-axis. 
The chemical data, not surprisingly, correlate to the 
color zoning. In addition to the expected presence of 
chromium and iron, small quantities of nickel and 
copper were detected. Spectroscopic analysis of optical 
absorptions revealed the roles of C r 3 +  Cu2+, and Ni3 + ; 

iron was too low in concentration to show up in the 
optical spectrum, as the pleochroic colors of the samples 
would also suggest. Chemical data in conjunction with 
microscopic examination of growth features lead to 
conclusions and speculations regarding growth condi- 
tions. 

The latter part of the article (a summary of the various 

Lechleitner products] was submitted by the author to 
Johann Lechleitner in 1988 for corrections and can 
therefore, as proposed by the author, be considered 
accurate. It is interesting to note that type A, grown 
between 1956 and 1958, was flux grown. Types B-El 
grown between 1959 and 1972, were all hydrothermally 
grown. Type F, grown subsequent to 1972, represents a 
return to flux-growth techniques. Only types B, Dl and F 
were sold commercially. It should be noted that type B, 
referred to here simply as "synthetic emerald," is in fact 
the well-known Lechleitner overgrowth product: a thin 
layer of hydrothermal synthetic emerald over a pre- 
formed or faceted natural beryl core. Types D (described 
in the first part of this article) and F are fully synthetic. 
Gemological properties andlor references provided for 
all types make this a useful summary for practicing 
gemologists. C M S  

TREATMENT 

Spectroscopic evidence of heat treatment of blue sap- 
phires from Sri Lanka-additional data. K. Schmet- 
zer and L. Kiefert, Journal of Gemmology, Vol. 22, 
NO. 2, 1990, l p .  80-82. 

The color of blue sapphires, both heat treated and 
untreated, results from Fe'^/Ti4+ intervalence transfer 
absorptions primarily at 559 n m  perpendicular to the 
c-axis and 669 n m  parallel to the c-axis. Type I blue 
sapphires lack the Fe^/Fe3+ absorption at 870 n m  
found in type 11 material, but there sometimes occurs a 
weak Fe3+ absorption at 450 nm (with accompanying 
absorptions at 388 and 376 nm)  that does not affect color. 

Examination of treated and untreated type I blue 
sapphires (of undisclosed number) revealed that these 
Fe3+ absorptions generally do not occur in heat-treated 
type I blue sapphires from any of the localities studied. 
According to the authors, this is due to conversion of 
Fez+ to Fe3+ in association with rutile dissolution 
during heating. Weak residual Fe3+ absorptions were 
occasionally observed and are attributed to incomplete 
conversion of iron resulting from too short a heat- 
treatment period. 

In conclusion, the authors propose that, whereas the 
presence of weak Fe3+ absorptions is somewhat ambig- 
uous, the complete absence of these spectral features can 
be considered proof of heat treatment. The authors have, 
to judge by the graphic spectra illustrated, employed a 
spectrophotometer in this study and i t  is not stated 
whether a hand spectroscope is of any use. Moreover, 
given the varying sensitivities of different makes of 
spectrophotometers and the varying intensities of ab- 
sorptions that result in relation to sample size and depth 
of color (i.e., what is detectable by one instrument may 
appear to another to be "absent"], further study seems to 
be needed before this apparently promising test can be 
considered useful to other investigators. C M S  
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