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Large quantities of rubies-both rough and 
faceted-fron~ a con~merciolly important 
new source in Myanmar (Buirn~n) hmve been 
avaiIcrble on the Bangltolt inarltet since 1992. 
The nzby crystrrls from the Mong Hsu marble 
deposit have clipymmidnl to barrel-shaped 
hobils and reverrl dark violet to almost black 
"cores" 017d red "rims." Wi th  heat treatment, 
which removes their blue color componer~t, 
the cores become intense red. The rubies grew 
umder varying conditions in complex growth 
sequences. The color distribution between 
cores and rims is related to a different incor- 
poration o f  chrorniun~ andlor titanium during 
crystnl growth. Gemological, microscopic, 
chemical, and spectroscopic properties pre- 
sented here permit the separal.ion o f  faceted 
Mong H s ~ i  nibies from their syntlietic and 
other natural counterpclrls. Problems arising 
hon7 artificinl fracture fillings nre also 
addressed. 
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ince 1992, Mong Hsu has been a primary source of ruby 
available in Thailand (figure 1). Mong Hsu is a small town S 

situated in northeastern Myanmar (formerly Burma) in 
Shall State, which borders Thailand, Laos, and China. 
Untreated samples from this new source typically consist of 
bicolored corundum, with dark violet to almost black sap- 
phire cores and ruby rims (figure 2). With heat treatment, 
the violet cores can be converted to red. Large quantities of 
untreated corundum crystals are brought into Thailand at 
Mae Sai and, to a lesser extent, at Mae Hong Son (see figure 
3). In 1993, about 200 buyers from Chantaburi (Thailand) 
were spending several million U.S. dollars a month on 
Mong Hsu rough in Mae Sai ("Special report: Mong Hsu . . .," 
1993). Thus, the Mong Hsu ruby has become an important 
source of supply to the world inarlzet. 

In September 1992, one of the authors [AP) joined a 
group of gemologists who traveled to  Myanmar and 
Vietnam a t  the invitat ion of the Asian Ins t i tu te  of 
Geininological Sciences (AIGS), Banglzolz, to learn about the 
occurrences of rubies and sapphires in these countries (see 
Jobbins, 1992; I<ammerling et al., 1994). During this trip, at 
the mid-year Emporium in Yangon (Rangoon), Myanmar, 
the Myanma Gems Enterprise (MGE) announced a new 
ruby deposit in the region of Mong Hsu, and showed the 
group a series of rough samples with violet cores and red 
outer layers (called rims here for simplicity). Six samples 
were submitted for further study to one of the authors (AP), 
who also toolz the opportunity to test solne cut stones 
(including heat-treated samples without violet cores) from 
this new source. The untreated rough and heat-treated cut 
rubies exanlined during that visit were essentially identical 
to the material examined later for this study. According to 
inforillation subsequently obtained in Banglzolz, many Thai 
dealers were already buying Mong Hsu ntbies (see "Burma's 
Mong Hsu mine rediscovered . . .," 1993). 

By October 1992, large quantities of faceted material 
approximately 0.5-1 ct in size and of high-quality color sat- 
uration and transparency had also begun to appear on the 
European marlzet. One of the first lots of this material 
(obtained froin a dealer in Munich) was studied in detail by 
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Surdez (1994) reported seven sharp bands of varying 
intensity at 3189 (wealz), 3233 (medium), 3299 (very 
weal<), 3310 (strong), 3368 (very wealz), 3380 (very 
weal<), and 3393 cm-1 (very weal<) in the absorption 
spectra of Mong Hsu rubies. Similar features have 
been found in the infrared spectra of Verneuil- 
grown synthetic rubies and sapphires that were 
doped with vario~is trace elements in different con- 
centrations and, at least partly, annealed in a hyclro- 
gen atinosphere at high ten~peratures (Borer et al., 
1970; Eigenniann and Giinthard, 1971; Eigenniann 
et al., 1972; Bluin et al., 1973; Volynets et al., 1972, 
1974; Beran, 1991; Moon and Phillips, 1994). 
Consequently, tlie sharp absorption bands in the 
infrared spectra of Mong Hsu rubies are assigned to 
OH-stretching vibrations and indicate that hydrox- 
yl groups have been incorporated in the crystal 
structure of soine heat-treated samples. 

Smith (1995) recorded an absorption spectrum 
in soine untreated samples that consisted of several 
broad absorption bands. He assigned this spectrunl 
to microscopic or subi~iicroscopic inclusions of 
diaspore, AlO(0H). 

OH-stretching vibrations were also ineasured 
previously in the infrared spectra of a few untreated 
ruby and sapphire samples froni Sri Lanlza 
(Schinetzel; unpublished), in a ruby froin Sri Lanlta 
and a blue sapphire from Montana (Beran, 1991), 
and in untreated blue Australian sapphires (Moon 
and Phillips, 1994). They were not foulid in tlie 
spectra of flux-grown synthetic rubies (Belt, 1967; 
Volynets et al., 1972; Peretti and Smith, 1994). 

For practical gen~ology, the presence of OH- 
related absorptioil lines in the infrared spectrum of 
an unlznown ntby indicates that the sample is not a 
flux-grown synthetic ruby, although it may be a 
Verneuil-grown or hydrothermally grown synthetic 
sample (either of which is illore readily identifiable 
froin natural rubies than the flux-grown material) 
or a natural stone. For discussion of the difference 
between Vemeuil- and hydrothermally grown syn- 
thetic ruby, see Belt (1967), Beran (1991), and Peretti 
and Smith (1993, 1994). 

SUMMARY AND CONCLUSION 
Large cluantities of rubies froin the new deposit at 
Mong Hsu have been widely available since 1992. 
Most are heat-treated before they enter the jewelry 
trade. Mong Hsu rubies are easily recognized by 
their distinctive n~icroscopic properties. They have 
a number of features that thus far have not been 
reported for nibies froni other occurrences. These 
include: 

A distinct color zoning confined to specific 
growth stnictures, with one or two violet "cores" 
surrounded by a red "rim." 
Spectroscopic features in the red to yellow por- 
tion of the visible spectrum, with absorption 
bands that are reinoved during heat treatment to 
change the cores froni violet to red. 
The presence of whitish particles in certain 
growth zones, formed as a result of heat treat- 
ment. 

We found that the color zoning in our samples is 
closely related to a con~plex chemical zoning con- 
fined to growth layers formed parallel to the basal 
pinacoid, to the positive rhombohedron, and to two 
hexagonal dipyramids. We observed a distinct 
growth sequence whereby red and violet areas 
fornled in various growth cycles, with a spccific 
habit change between different growth zones. The 
variation in physical properties, such as refractive 
indices, is closely related to the chemical composi- 
tion of the samples. Although those properties of 
the crystals that are related to different growth con- 
ditions during the forillation of the rubies-that is, 
growth zoning, color zoning, and chemical zoning 
related to temperature and/or pressure and/or 
chemical composition of tlie environment-are 
well understood. Only preliminary n1odels are 
presently available to provide a detailed explanatioil 
of the cause of successive growth cycles (Peretti and 
Mouawad, 1994). 

Nor is thcre a comprehensive explanation for 
those properties of Mong Hsu rubies that change 
with heat treatment. Lilcewise, no model is avail- 
able that can explain all features related to thc 
change in W-visible and 1K spectroscopic proper- 
ties, which are closely related to the color change 
and possibly also to the forination of the whitish 
particles. 

The distinctive properties of Mong I-isu ntbies 
are useful in separating faceted saiiiples froiii their 
synthetic counterparts and also in establishing the 
locality of origin. The most prominent diagnostic 
properties of faceted, heat-treated Moiig HSU rubies 
require careful inicroscopic examination, using 
immersion techniques in conjunction with fiber- 
optic illumination, Key features include growth 
structures confined to a distinct color zoning 
between cores and rims; different types of whitish 
particles and whitish streamers are also of diagnos- 
tic value. Specialized laboratory techniclues, such as 
XRF analysis and IR spectroscopy, provide addition- 
al diagnostic information. Probleins for the trade 
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arise, however, from the large nuillbers of stones 
with fractures that appear to have been filled with a 
foreign material, especially partially healed frac- 
tures with glassy and/or crystalline fillers. 

Aclznowledginents: The aiithors ore grntef~il to the fol- 
lowing persons or companies who kindly submitted 
Mong Hsu nrbies for the present investigation: Mo~lawad 
Bangltolz Co., Bangltok, ?hail(~nd; 13. Ho, Asian Institute 
of Gen~mological Sciences (AIGS), Bangkok; Myanma 
Gems Enterprise, Yangon, Myanmar; R .  I<iinltong- 
kaphan, Manrlalay Co., Mrie Sai, Tl~niland; 1. Beln~ont, 

REFERENCES 

Banlt H., Hcnn U., Lind T h .  (1988) Rubine aus Malawi. 
Zeitschrift der Deirtschen Gen~mologischen Cesellschnft, 
Vol. 37, No. 314, pp. 1 13-1 19. 

Baucr M., Schlossinacher K. (1932) Edelsteinlz~rr~de. 3. Aufl., 
Bernharcl Tauchnitz, Leipzig, p. 209, 498. 

Bclt R.F. (1967) Hydrother~nal ruby: Infrared spectra and X- 
ray topography, lorrrntrl of Applied Physics, Vol. 38, No. 
6, pp. 2688-2689. 

Beran A. 0991) Trace hydrogen in Verneuil-grown corundum 
and i ts  color varieties-An IR spcctroscopic s tudy.  
E~rropeon lourno1 of Milleralogy, Vol. 3, pp. 971-975. 

Blu~n H., Frey R., Giinthard Hs.IH., Ha Tae-Kyu (1973) Ab 
initio scf study of OHO" systein and its relation to the 
s t r u c t u r e  of a lpha-AI ,03 :OH03- (MeV.  Chemico l  
Physics, Vol. 2, pp. 262-270. 

Borer W.J., Guntharcl Hs.H., Ball~ner P. (1970) Solid state 
reactions and defects in Verneuil laser rubies. Helveticn 
Physica Actn, Vol. 43, pp. 74-92. 

Bosshart G. (1982) Distinction of natural and synthetic 
rubies by ultraviolet spectrophotometry. jour~ ln l  of 
Gemlnology, Vol. 18, No. 2, pp. 145-160. 

Burina's Mongshu ininc rediscovercd, heat-treatcd rubies 
co~nparable to Mogok quality (1993). jewelry Newsline, 
Vol. I, No. 2, p. 1, 8. 

Clark C. (1993) Thai coolting class. lewelSimm, Vol. 4, No. 5, 
p. 57. 

Crozier M.H. (1965) Optical Zeeman effect in the R, and Rz 
lines of Mil4+ in A120;,. Physics Letters, Vol. 18, No. 3, pp. 
2 19-220. 

Del6-Dubois M.L., Fournier J., Peretti A. (1993) Rubis du 
Victnam-Etude comparative avec les rubis de Bir~nanie 
et d'autres provenances. Revrze de Genlnlologie a.f.g., No. 
114, March 1993, pp. 7--10. 

Earth Sciences Research Division (1977) Geological Map of 
t h e  Social is t  Republ ic  of t h e  Union  of Myanmar  
1:1'000'000, with brochure, 22 pp. 

Eigenmann I<., Giinthard Hs.H. (1971) Hydrogen incorpora- 
tion in doped alpha-Al2O3 by high temperature redox 
reactions. Chemical Physics Letters, Vol. 12, No. 1, pp. 
12-15. 

Eigen~nann K., Kurtz K., Giinthnrd Hs.H. (1972) Solid state 
react ions  and defccts  in doped Verneuil  sapph i re .  
Helveticn Phgsica Acta, Vol. 45, pp. 452-480. 

Geschwind S., Kisliuk P., Klein M.P., Remeilta J.P., Wood 
D.L. (1962) Sharp-line fltiorcscei~ce, electron paramagnet- 
ic resonancc, and therinoluminescence of Mn4+ in alph;i- 
AI,O,. Physical Review, Vol. 126, No. 5, pp. 1684-1686. 

I(. V. Gems Co., Bangltok; Dr. H.A. Hiinni, S S E F  (Basel) 
and University of Basel, Switzerland; R. E. Icane, Helena, 
Monlona; H. M. Graf, Grafgen~, Wintertl~ur, Switzerland; 
and R. Bicler, Ernst Fiirber Company, Munich, Gcrntany. 
For technical assis~ance, we are gratefirl 1-0 C. P. Smith, 
Giihclin Cemn~ological Laboratory, Lucerne, Switzer- 
land (infrared spectroscopy); Prof. Dr. W. Stern, Geo- 
cheinical Lahoralory, U~~ivers i ty  of Basel, Switzerl~nd 
(XRF-~malysis); Dr. I. Dubessy, CREGIJ, Vandoeuvre- 
Les-Nancy, France (Roman speclroscopy); Pro/. Dr. R. 
Guggenheim and M. Diiggelin, Institute of Geology, 
University of Basel, Switzerland (electron microscopy); 
and Prof. Dr. E. Giibelin, Luceri~e, Swilzerland (photomi- 
crograpl~ y). 

Glass filled rubies increasing (1994). lewellery News Asia, 
No. 119, July, pp. 66, 68, 70. 

Hanni H.A. (1986) Behandelte Korunde  nit glasartigcn 
Fullungcn. Zeitschrlft der De~rtschen Gen~mologischen 
Gesellschnft, Vol. 35, No. 314, pp. 87-96. 

Hanni H.A. (1992) ldcntification of fissure-treated gem- 
s tones .  lournn l  of Gemlnology, Vol. 23, No.  4, pp. 
201-205. 

Hanni H.A., Schmetzcr I<. (1991) New rubies from the  
Morogoro area, Tanzania. Gems d Gemology, Vol. 27, 
No. 3, pp. 156-167. 

Hinni H.A., Schmetzer I<., Bernhardt H.-J. (1994) Synthctic 
rubies by Douros; A ncw challenge for gemologists. Genls 
d Gemology, Vol. 30, No. 2, pp. 72-86. 

Harder H. (1969) Farbgebendc Spure~lcleme~lte in natfirlichen 
I<orunden. Neues l a h r b u c h  fiir Mineralogie  
Abhnndlz~llgen, Vol. 1 10, pp. 128-141. 

Henn  U., Banlt H. (1993)  Neues Rubinvor l tom~nen  in 
Myanmar (Burma) .  Ze i t schr i f t  d e r  D e u t s c k e r ~  
Gemn~ologischen Gesellschaft, Vol. 42, No. 213, pp. 
63-65. 

Hlaing U Tin (1981) Mineralogical studies and ininor ele- 
nlent analyses of c o r ~ ~ n d u r n  and associated millerals of 
the Mogok genlstonc tract. M.S. thesis, University of 
Rangoon, Myanmar, 21 7 pp. 

Hla ing  U T i n  (1991)  A ncw Myanmar  ruby deposi t .  
Australian Gemn~ologist, Vol. 17, No. 12, pp. 509-5 10. 

Hlaing U Tin (1993) Mong Hsu ruby update. Austrnlinn 
Gcn~mologist, Vol. 18, No. 5, pp. 157-160. 

Hlaing U Tin (1994) A trip to Mong Hsu. lewclSion1, Vol. 5, 
No. I, pp. 54-.57. 

Hughes R.W. (1988) Surface repaired corundum-Two 
unusual variations, loiirt~ol of Gen~mology, Vol. 21, No. 
1, pp. 8-10. 

Hunstiger C. (1990) Darstellung und Verglcich prinlarer 
Rubinvorltommcn in metamorphen Muttcrgesteinen. 
Petrographie und Phasenpetrologie. Teil 111. Zei~schrift  
der Deutschen Gemlnologischen Gesellschaft, Vol. 39, 
No. 213, pp. 121-145. 

Jobbins E.A. (1992) A taste of new gcin deposits in South East 
Asia. Geins and Iewellery News, Vol. 2, No. 1, p. 12. 

I<ammerling R.C., Scarratt I<., Bosshart G., Jobbins E.A., 
Kanc R.E., Gubelin E.J., Lcvinson A.A. (1994) Myaninar 
and its gems-An updatc. I o u r n ~ l  of Gemmology, Vol. 24, 
No. 1, pp. 3-40. 

I<anc R.E. (1984) Natural rubies with glass-filled cavities. 
Gems d Gemology, Vol. 20, No. 4, pp. 187-199. 

l<ane R.E., Kainincrling R.C. (1992) Status of ruby and sap- 
phirc  min ing  in t h e  Mogok s t o n e  t r ac t .  G e m s  ed 
Gemology, Vol. 28, No. 3, pp. 152-174. 

Moi-rg Hsu Rubies GEMS & GEMOLOGY Spring 1995 25 



Kane R.E., McClure S.F., I<ammerling R.C., Nguyen Dang 
Khoa, Mora C., Repetto S., Nguyen DLIC I<hai, Koivula 1.1. 
(1991): Rubies and fancy sapphires from Vietnam. Gems 
e3 Gemology, Vol. 27, No. 3, pp. 136-155. 

Keller P.C. (1983) The  rubies of Burma: A review of the 
Mogok stone tract. Gems d, Gemology, Vol. 19, No. 4, 
pp. 209-219. 

Kiefert L., Schmetzer K. (19911 The microscopic determina- 
tion of structural properties for the characterization of 
optical uniaxial natural and syntl~etic gemstones, part 1: 
General considerations and description of the methods. 
lournal of Gemmology, Vol. 22, No. 6, pp. 344354.  

I<oivula J.I., Karnmerling R.C., Fritsch E. (1993a) Gem news: 
Update on ruby enhancement. Gems d Gemology, Vol. 
29, NO. 3, pp. 214-215. 

Koivula J.I., I<amnierling R.C., Fritsch E. (1993b) Gem news: 
Update on Monghsu ruby. Gems c*, Gemology, Vol. 29, 
NO. 4, pp. 286-287. 

Laughter T.L. (1993a) Mong Hsu mix-up. lewelSian7, Vol. 4, 
NO. 5, pp. 34-37. 

Laughter T.L. (1993b3 How do you do? I arn from Mong Hsu. 
leweldiam, Vol. 4, No. 5, pp. 38-41. 

~Milisenda C.C., Henn U. (1994) Neues Rubinvorltommen in 
Myanmar (Burma].  Goldschmiede u n d  Uhrmacher  
Ze i t~~ng ,  Vol. 92, No. 4, pp. 147-148. 

Moon A.R., Phillips M.R. (1994) Defect clustering and color 
in Fe,Ti:alpha-Al,03. lourno1 of the American Ceromic 
Society, Vol. 77, No. 2, pp. 356-367. 

Muhlmeister S., Devouard B. (1991) Determining the natural 
or synthetic origin of rubies using energy-dispersive X-ray 
fluorescence (EDXRF). In A.S. Keller, Ed., Proceedings of 
the  I n t e r n a t i o n a l  Gemolog ica l  S y m p o s i u n ~  1991, 
Gemological Institute of America, Santa Monica, CA, pp. 
139-140. 

Peretti A. (1993) Foreign substances in Mong Hsu rubies. 
/ewelSiom, Vol. 4, No. 5, p. 42. 

Peretti A., Smith C.P. (1993) A new type of synthetic ruby on 
t h e  market :  offered a s  hydro the rmal  rubies  f rom 
Novosibirsk. Australian Gemmologist, Vol. 18, No. 5, pp. 
149-157. 

Peretti A., Smith C.P. (1994) Letter to the editor. Iournal of 
Gemn7ology, Vol. 24, No. 1, pp. 61-63. 

Peretti A., Mouawad F. (1994) Fluorite inclusions in Mong 
Hsu ruby. IewelSiom, Vol. 5, No. 4, pp. 136137. 

Potnau J., Adde R. (1976) Crystalline field parameters of Crz+ 
and Cr44 in corundum. lournal de Physique, Vol. 37, pp. 
603-6 10. 

Prieto A.C., Dubessy J., Cathelineau M. (1991) Structure- 
composition relationships in trioctahetlral chlorites: A 
vibrational spectroscopy study. Cloys and Cloy Minerals, 
Vol. 39, NO. 5, pp. 531-539. 

Rains wash out Mong Hsu supply (1994). lewelSian1, Vol. 5, 
No. 5, p. 78. 

Scarratt K., Harding R.R. (1984) Glass infilling of cavities in 
natural ruby. lourno1 of Gemmology, Vol. 19, No. 4, pp. 
293-297. 

Scarratt K. ,  Hardinc! R.R., Din V.K. 11986) Glass fillings in 
sapphire. loornnl  of kemmology, V ~ I .  20, No. 4; pp. 
203-207. 

Schmetzer 1<. ( I  986a) An iinproved sample holder and its use 
in the distinction of natural and synthetic ruby as well as 
natural and synthetic amethyst. Iournal of Gemmology, 
Vol. 20, No. 1, pp. 20-33. 

Schmetzer K. (1986bj Natiirliche und syntheliscl~e Rnbine- 
Eigenschoften und Bestimmung. Stuttgart, Schweizerbart. 

Schmetzer K., Bank H. (1980) Explanations of the absorption 
spectra of natural and synthetic Fe- and Ti-containing 
corundums .  Neucs  l a h r b u c h  fiir  Minerologie  
Abhandlungc~~, Vol. 139, No. 2, pp. 216-225. 

Sclimetzer I<., Bank H. (1981) The color of natural corundum. 
Neues lahrbrrch fir  Mineralogie Monatsheftc, Vol. 1981, 
No. 2, pp. 59-68. 

Smith C.P. 119951 A contribution to  understanding the 
infrared 'spec;ra of Mong Hsu rubies ,  l o u r n i l  of 
Gernrnology, Vol. 24, No. 5, pp. 321-335. 

Smith C.P., Surdez N. (1994) The Mong Hsu ruby: a new type 
of Burmese ruby. /ewelSiam, Vol. 4, No. 6, pp. 82-98. 

Special report: Mong Hsu ruby fact sheet (1993). leweldion~, 
Vol. 4, No. 5, p. 33. 

Tang S.M., Tang S.H., Tang, T.S., Retty A.T. (1988) Analysis 
of Burmese and T h a i  rubies  by PIXE. Appl ied 
Spectroscopy, Vol. 42, No. 1, pp. 4448 .  

Tang S.lM., Tang S.H., Mok I<.F., Retty A.T., Tay T.S. (1989) 
A study of natural and synthetic rubies by PIXE. Applied 
Spectroscopy, Vol. 43, No. 2, pp. 219-223. 

Volynets F.K., Sidorova E.A., Stsepuro N.A. (1974) OH groups 
in  corundum crysta ls  which  were grown w i t h  t h e  
Verneille technique. Iournol of Applied Spectroscopy, Vol. 
17, pp. 1626-1628. 

Volynets F.K., Vorob'ev V.G., Sidorova E.A. 11972) Infrared 
absorption bands in corundum crystals. Iournol of Applied 
Spectroscopy, Vol. 10, pp. 665-667. 

26 Mong Hsu Rubies GEMS & GEMOLOGY Spring 1995 


