
By H. A. Hanni and K. Schmetzer 

The authors present the mineralogical and 
gemological properties of rubies found re- 
cently in the Morogoro area of  Tanzania 
that have many features in common with 
rubies from Myanmar (Burma) and other 
comparable marble-type deposits. Spec$- 
cally, microscopic investigations of these 
Morogoro stones revealed some internal 
characteristics that are also seen in  Bur- 
mese rubies-such as angular growth zon- 
ing, curved growth zoning ("swirls"), nega- 
tive crystals, spinel crystals, rutile nee- 
dles, and clouds of minute particles in 
areas defined by  both types of  growth 
zones, which may also be related to color 
zoning. However, the Morogoro material 
appears to  have (1 )  lower amounts of  V 
and Ga than Burmese rubies, and (2) a 
characteristic angular growth with r, a, 
and r' faces. A gemological comparison of  
the recently produced Morogoro rubies 
with rubies found earlier in this area 
shows significant differences. 

n June 1987, one of the authors first received samples of 
em-quality spinels from an apparently new source. The 

red, orange, reddish purple, purplish blue, and blue spinels 
reportedly originated from the Morogoro area in Tanzania. 
Physical, chemical, and spectral characteristics of the 
spinels were found to be within the range of natural gem 
spinels from classic localities such as Myanmar (Burma) r m d  Sri Lanlza (see, e.g., Schmetzer et al., 1989). Micro- 
scopic examination revealed the presence in about 70% of 

I 
the samples of a characteristic feature that had not 
previously been noted in spinels: intersecting, doubly 
refractive, thin lamellae of what was later determined to be 
hogbomite (Schmetzer and Berger, 1990), oriented parallel 
to the octahedral faces of the host spinel crystals. 

Several parcels of rough and faceted stones subse- 
quently examined were found to contain a high percentage 
af material with these hogbomite lamellae, which sug- 
rested that the samples originated from a common source. 

I All but one of the independent dealers who showed us 
these parcels cited the Morogoro area of Tanzania as the 
origin of the gem spinels (see also, Bank et al., 1989). 

1 -1n the course of examining parcels of these spinels, the - - 
authors identified several samples of ruby; in fact, approx- 
imately 10% of the stones in these large "spinel" parcels 
were determined to be ruby or "light ruby."* 

The two superficially similar minerals - rhom- 
bohedra] ruby crystals and octahedral spinel crystals- 
were generally identified as two different materials before 
cutting. However, some dealers did not know that their 
spinel parcels contained facetable rubies, some of good to 
excellent quality (figure 1). 

In recent months, significant quantities of Morogoro 
rubies of the type described here have been seen in the 
trade (E. Fritsch, pers. comm., 1991). According to C. 
Bridges (pers. comm., 1991)) the principal ruby mines 
within the Morogoro area are the Epanlzo, Kitonga, 
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Lulzande, Matombo, and Mayote. C. Forge, a 
French geologist who has visited the region, 
reports that Maton~bo is the locality where rubies 
occur together with spinels (pers. comin., 1991; 
figure 2). 

Initial inspection of the samples using routine 
gemological methods revealed that they contained 
some types of inclusions that had long been 
regarded exclusively as characteristic of Burmese 
rubies. Because determination of the locality ori- 
gin of rubies, sapphires, and emeralds is one of the 
most difficult tasks for gemological laboratories 
that provide this service, the authors attempted to 
ascertain definitive criteria that would allow these 
new Tanzanian rubies to be distinguished from 

Editor's note: "Light rubies" (lighter tones and/or lower sat- 
urations of red) would be called pink sapphires by  the GIA 
Cern Trade Laboratory, lac. 

Figure 1.  A new f ind of 
fine rubies has emerged 
from the Morogoro area 
of Tanzania. These cut 
stones range from 0.51 to 
3.31 ct; the rough ranges 
from 5.65 to 8.55 ct. 
Photo b y  Shane E 
McClure. 

those from Mogok and comparable marble or 
marble-related deposits. 

We also noted that these new Morogoro rubies 
differ significantly from the largely cabochon- 
quality rubies that emerged earlier from this same 
area (Schmetzer, 1986b). Features that distinguish 
these two types of Tanzanian rubies are also 
presented in this article. 

MATERIALS AND METHODS 
More than 60 samples of new material from 
Morogoro were examined, including approx- 
imately 50 rough crystals, 10 faceted stones, and 
three cabochons. All were taken from the parcels of 
spinels with distinctive hogbomite lamellae that 
were reported to be from the Morogoro area of 
Tanzania. 

Refractive indices and densities were obtained 
by standard gemological methods. Seven samples 
(four rough and three cut), representing the range 
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Figure 2. Because these 
new rubies were found 

mixed in large parcels of 
spinel rough, they are 

believed to come from 
the Matombo mine, one 

of several in the 
Morogoro region of 

Tanzania. Artwork by 
Carol Silver. 

of typical appearances, were analyzed for trace- 
element contents by energy-dispersive X-ray fluo- 
rescence spectroscopy (Tracor X-ray instrument; 
operating conditions available on request to the 
authors). A total of 48 point analyses were per- 
formed on three faceted ruby samples with a 
Cameca Camebax microprobe operating at 15 1zV 
and 15 nA, using wavelength-dispersive spec- 
trometry. Two microprobe analyses of one spinel 
inclusion were performed with a JEOL JAX-8600 
Superprobe with combined energy-dispersive1 
wavelength-dispersive spectrometry under operat- 
ing conditions of 15 1zV and 15 nA. Z n  was not 
quantified, but it was determined to be present. 
Zircon, apatite, and garnet inclusions were identi- 
fied by qualitative analysis on a Philips SEM 515 
with Tracor EDS system. Spectral data in the 
U.V-visible range were obtained with Leitz-Uni- 
cam SE800 and Pye-Unicam SP8-100 UV-Vis spec- 
trophotometers, on approximately 20 representa- 
tive samples. 

Indexing of internal and external growth 
planes was performed on selected samples with a 
horizontal ( immersion) microscope by the 
methods described in Schmetzer (1986a) and 
Kiefert and Schmetzer (1991). Photomicrographs 
were obtained with a Schneider immersion micro- 
scope with Zeiss optics and with a Wild-Leitz 
Stereomicroscope M8 with Fotoautomate MP S 55. 

RESULTS 
Visual Appearance. The rough samples examined 
varied from small, mostly elongated, flat to iso- 
metrically shaped crystals, and included irregu- 
larly terminated rough (figures 1 and 3) The largest 
piece of rough examined was 20 ct. Diaphaneity 
varied from translucent to transparent, depending 
on the relative content of inclusions. When rutile is 

Figure 3. These ruby crystals were sorted from 
parcels of  rough spinels that were reportedly 
from the relatively new find at Morogoro. The 
largest pieces are approximately 20 ct. Photo by 
H. Hdnni. 
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Figure 4. Some of ihe Morogoro stones had suffi- 
cient rutile throughout to produce asterism 
when cabochon cut, as was the case with the 
approximately 4-ct stone in  this ring. Photo by 
Shane F. *MtClure. 

densely distributed throughout a crystal, asteri- 
ated stones may be cut (figure 4). The largest cut 
stone examined was approximately 4 ct. 

Our samples varied from a red of medium 
saturation to a purplish red of medium to weak 
saturation. These colors compare favorably to 
those associated with medium-toned and "light" 
Burmese rubies. 

Although we saw few fully transparent rubies, 
approximately one-fifth of the rough Morogoro 
stones we examined were sufficiently transparent 
for faceting. Most of the material was cabochon 
quality. However, such stones are commonly heat 
treated to improve clarity by burning off irregu- 
larly distributed rutile silk. Fractured rubies also 
may be subjected to a type of heat treatment- 
similar or identical to that used to produce glass- 
filled cavities in corundum-in which a borate 
melt fills the voids and, after prolonged heating, 
acts as a flux that causes a certain recrystallization 
of fracture planes (as described by Hanni, 1986a 
and b). 

Physical and Optical Properties. We obtained re- 
fractive indices of no = 1.769 to 1.770 and n,, = 
1.761 to 1.762, resulting in a birefringence of 

0.008. Densities, determined hydrostatically, were 
found to vary between 3.99 and 4.01 gIcm3. These 
values are typical for rubies from all localities. We 
observed a strong red fluorescence to long-wave 
ultraviolet radiation (365 nm), and a weaker red to 
short-wave U.V (254 nm); these reactions are 
identical to those of Burmese rubies. Pleochroisn~ 
of yellowish red parallel to the c-axis and reddish 
violet perpendicular to c was the same as that for 
rubies from similar marble-type deposits. 

Chemical Properties. Energy-dispersive X-ray fluo- 
rescence (EDXRF] analyses (Stern and Hanni, 
1982) of five samples revealed the presence of 
chromium and small concentrations of gallium, 
iron, and titanium. No vanadium was detected. 

Three faceted samples were analyzed by elec- 
tron microprobe to provide quantitative data on 
major and trace elements. The results are listed in 
table 1, along with optical data for the samples. 
Chromium is the only effective color-causing 
element observed and thus governs and correlates 
with the intensity (saturation) of red color. Tita- 
nium was present above, while iron and vanadium 
were found at or below, the limit of detection for 
the microprobe (approximately 0.02 wt.%). Be- 
cause Fe and V are very low or absent, they provide 
no superimposed effect on color in this instance. 
The small variations in optical values and density 

TABLE 1. Optical properties and chemical data for 
three rubies from the new deposit in the Morogoro 
area, Tanzania. 

Sample 1 Sample 2 Sample 3 

Optical properties 
and color 

Color Medium Medium red Pink 
strong red 

Refractive indices 

no 1.770 
ne 1.762 
A n  0.008 

Electron microprobe analyses8 
No. of analyses 14 16 18 

'Ranges in wt.%. See text lor details of analysis 
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noted above occur because of the minor substitu- 
tion of aluminum by other elements, especially 
chromium. 

For comparison with the chemistry of rubies 
from other localities, see Kuhlmann (1983)) 
Schmetzer (1986b), Tang et al. (1988, 19891, and 
Muhlmeister and Devo~iard (1991). 

Optical Spectroscopy. In the hand spectroscope, 
Morogoro rubies reveal the typical ruby spectrum 
without characteristic iron bands. The absorption 
spectrum as recorded by spectrophotometer (fig- 
ure 5) is also without any peculiarities. Again, 
there are no signs of iron in either the visible or the 
ultraviolet range. The curve in the ultraviolet to 
blue portion of the spectrum exhibits broad ab- 
sorption minima at 365 and 480 nm for the o 
vibration and at 350 and 484 nm for the e vibration. 
These spectra are nearly identical to those 
reported for most Burmese rubies (Bosshart, 1982; 
Schmetzer, 1985, 1986b). A shoulder near the 
absorption edge at 315 nm is not always as promi- 
nent in the spectra of Morogoro rubies as is shown 
in figure 5, and may actually be absent. 

Microscopic Characteristics. Growth Features. 
Two types of growth zoning were observed in 
rubies from Morogoro: curved (swirl-like) and 

Figure 5. The absorption spectrum of a Mo- 
rogoro ruby i s  typical of that  commonly  ob- 
served in rubies from different localities, espe- 
cially Mogok or other marble-type deposits. 
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Figure 6. Some of the Morogoro stones revealed 
swirl-like growth features. Immersion, magni- 
fled SOX;  photomicrograph b y  K. Schmetzer. 

straight or angular. Irregular "swirls" that are quite 
similar to those long associated with Burmese 
rubies occasionally occur in the Morogoro inate- 
rial (figure 6) and, as discussed elsewhere in this 
issue (Kane et al., 1991)) have recently been ob- 
served in Vietnamese rubies as well. These curved 
growth features, which commonly occur as 
swirled color zoning, too, are due to complex 
surfaces (e.g., stepped surface growth or etched, 
dissolved surfaces) that were subsequently over- 
grown during crystal formation by layers of cor- 
undum of different chemical composition (espe- 
cially chromium) and/or inclusion content. Such 
optical inhomogeneities are well known in, and 
have been considered a typical feature of, Burmese 
rubies (e.g., Gubelin and Koivula, 1986; Schmet- 
zer, 1986b). Although present in some of the 
Tanzanian stones, such swirled growth zoning was 
not observed in the majority of samples examined. 

Most of the Morogoro rubies exhibited combi- 
nations of straight growth planes that were ob- 
served to lie parallel to the three major mor- 
phologic faces c, r, and a (figure 7). These straight or 
angular layers may differ from one another in 
chemical composition -and thus, for example, in 
transparency or color. In these rubies from Tan- 
zania, inclusions are usually concentrated in spe- 
cific zones defined by these straight or angular 
growth planes. In addition, most color zoning is 
related to these same growth features. In fact, we 
found that angular color zoning parallel to faces r, 
a, and r' (two rhombohedral and one prism) is 
characteristic of these Morogoro rubies (again, see 
figure 7). Less frequently, we observed color zoning 
parallel to a combination of the two rhombohedral 
faces r and r'. 

The angle between the faces r and a equals 
137.W (see Box A, figure A-2, and figure 7), and the 
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i''*,-S^*fe*S^fe^l'-~" -;..' 
We distinguished thre^gtedominant shapes of rough: 
(1) flattened to tabular; udo-cubes (referred to here Ã as "pseudo-squares"); @1 .pseudo-cubes; and (3) cor- 
roded, irregularly terminated samples. In all samples 
examined, the basal plane c (0001) and the positive 
rhombohedron r (1011) were observed to be dominant 
faces (figure A-la]. In some of the samples, six 
additional subordinate prism faces a (11%) were 
found [figure A-lb); these were sometimes similar or 
equal in size to the positive rhombohedron r and the 
basal plane c (figure A-lc]. The angles between rhom- 
bohedral faces r and r' of corundun~ are 86Â and 94", 
respectively -very close to a right angle. Rubies with 
dominant rhombohedral faces, therefore, form cube- 
to square-like shapes, according to the relative size of 
the six rhombohedra1 faces. On cmc crystal, a small 
hexagonal dipyramid 11 (2243) was also observed. 

In all of the crystals we examined, two of the 
eight comers of each "cube" are cut off by triangular 
faces (figure A-la), the crystallographic basal planes c. 
If parts of the edges of the pseudo-cubes or pseudo- 
squares arc also cut off, the faces of the hexagonal 
prism a are formed. These prism faces form right 
angles V t h  the basal planes c, and "exhibit lath-like 
forms (fifeures A-lb,c). , + - . . , + r , . d 5 ,  

When two of the eight corners of a ps=uJo-sidarqz 
or a pseudo-cube are replaced by triangular faces,>, 
habits that superficially resemble spinel octahedra 
are formed (figure A-la). In other words, the six" 
quadrilateral faces r of a corundum crystal ~ithout  
basal faces c are altered to pentagonal faces by the 
addition of two basal pinacoids c. 

If the crystal faces are of a certain size, fine 
parallel striations can be seen with the unaided eye or 
a 10x loupe. These lines represent the traces of 
narrow twin lamellae of corundum that cut the 
crystal faces c, r, and a,  

Normally, ruby and spinel are easily distin- 
guished with a spectroscope or dichroscope, but this 
is not always possible. For example, in heavily twin;. 

4, 

&me A-I, The ruby crystals from Morogoro 
show the basal plane c (OWl), 
rhombohedron r (1011, and the 
as dominant c r y ~ a !  faces. 

I 

Spinel 

, -t""?^ 

Figure A-2, The characteristic angles of cor- . .-.G ., .:, 
undum (left in photo), formed by rhom- : Â ¥ t . i t e ~ ~  
bohedral and prism faces, are distinctly dif- 
ferent from the characteristic angles of spine 
(right in photo), formed by  octahedral and 
dodecahedra1 faces. Photo by Shane F. 

ff"-^,^ 
ned crystals, which have t ree sets of ame ae, the 
dichroic colors of the main crystal may be hidden by 
the many narrow twin lamellae, which are present in 
different orientations. Therefore, observation of the 
traces of protruding twin lamellae (which show up as 
sets of parallel lines on the crystal faces) or closer 
examination of the crystal morphology may be help- 
ful in some situations to indicate that a crystal is 
corundum with rhombohedra1 habit rather than 
spinel. Note that the octahedral angle of spinel, at 
109.5' iidistinctly dKferent from the rhombohwlral 
angle of corumlum, which i s  93.P (figure Ar2) 

The iriorphlogie ~~~~~~~~~~~~~cu oherved in our 
Morogoro ruby (ample? have also been described for 
some Buritttsc rubies (Bauer, 16%j Melczer, 1902). 
Taritdnidn c~ystals with rounded shÃ§pe and outline6 
that have A ~mooth but cormled surface also strongly 
resemble ruby crystals from Mogok. The only dlifer- 
ences that can be cited at present are that the 
hexagonal dipyramid n seems to be more common 
and/or somewhat larger in Burmese rubies than in 
those from Morogoro, and that the prism faces a may 
be more dominant or larger in Burmese rubies. 
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Figure 7.  Growth planes parallel to 

angle between faces r and r' is 93.9'. In one cut 
stone, growth structures parallel to n, r, and n'- 
i.e., with two angles of 154.0'-were observed. 
Growth planes parallel to two rhombohedral faces 
and one prism face that form two angles of 137.0' 
have been, until now, observed only rarely in 
rubies from other localities, including those from 
Mogolz. Consequently, since this structural fea- 
ture is encountered very frequently in the type of 
Tanzanian ruby described here, it can be regarded 
as characteristic of this locality. It is useful for 
purposes of identification as well, since it has 
never been observed in synthetic rubies. These 
structural differences are useful for distinguishing 
rough, faceted, or even cabochon-cut samples 
(Schmetzer, 1986a). 

The Morogoro rubies also frequently exhibit 
narrow twin lamellae oriented parallel to one or, 
commonly, two or three rhombohedral faces. 
When these sets of thin lamellae occur parallel to 
only one rhombohedral face, the interference fig- 
ure of the ruby commonly looks somewhat dis- 
torted, but it is still visible. When there are two 
intersecting systems of lamellae, the intersection 
forms a set of relatively coarse, parallel straight 
lines that can easily be seen with a microscope 
(figure 8). With twin lamellae present parallel to 
three rhombohedral faces, there will be three sets 
of these straight lines intersecting one another at 
angles of 94' and forming a nearly rectangular, 
three-dimensional framework. 

Since the twin lamellae possess a certain 
thiclzness, the portions of corundum that lie in 
straight lines within the intersections (figure 9) 

two rhom bohedral and one prism 
face, evident here as straight and 
angular layers of color, are charac- 
teristic of the Morogoro rubies ex- 
amined. Note also the irregtilar dis- 
tribution of what appears to be 
rutile dust in the growth zones. This 
growth structure is easily seen in 
faceted samples as well. Immersion, 
magnified 40 x ; photomicrograph by 
K. Schmetzer. 

appear as rods with square or rectangular cross- 
sections. Eppler (1974) referred to these as "inclu- 
sions of corundum needles." Schmetzer (1986b) 
noted that the side walls of these rods are often 
covered with polycrystalline boehmite (again, see 
figure 9). Such features are common in rubies and 
sapphires from several localities that show re- 
peated twinning parallel to more than one rhom- 
bohedral face (Hanni, 1987), and provide a quick, 
conclusive method of separating natural from 
synthetic stones. 

Occasionally, small fissures are confined to 

Figure 8. The Morogoro rubies frequently exhib- 
ited narrow twin lamellae oriented parallel to 
one or more rhombohedral faces. Here, two sys- 
tems of lamellae intersect. Immersion, crossed 
polarizers, magnified 25 x ; photomicrograph by 
I<. Schmetzer. 
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Figure 9. When the stones are viewed with i m -  
mersion at high magnification ( B O X ) ,  the inter- 
secting l a m e h e  are apparent as coarse, parallel 
straight lines. In this stone, small boehmite 
particles can be seen confined to the intersec- 
tion line of the lamellae. Photomicrograph b y  
K. Schmetzer. 

these intE;dection lines from which they hang like 
flags on a tope (figure 10). While it is not currently 
known what causes these fissures, they may arise 
from stres's and strain due to deformation forces 
applied to the parent rock. 

Negative Crystals. Also well known in Burmese 
rubies is the presence of negative crystals that 
repeat, in the case of our Tanzanian rubies (figure 

Figure 10. Small fissures were occasionally seen 
confined to  the intersection lines of the twin 
lamellae, hanging from them like flags. Magni- 
fied 20x ; photomicrograph by H.  Hanni. 

l l ) ,  the externally dominant faces c, r, and a, and 
thus resemble small octahedral crystals. These 
inclusions were recognized in Burmese rubies by 
Eppler (1976) as negative crystals, although they 
had frequently been mentioned earlier as spinels 
(e.g., Eppler, 1974). 

When examined with the microscope, these 
inclusions showed a very strong Becke line and, 
where they were exposed at the surface, were 
determined to be cavities. 

Figure 11. Negative crystals with a rhom- 
bohedral habit were observed in  many of the 
Morogoro rubies. Immersion, magnified 80 x ; 
photomicrograph b y  K. Schmetzer. 

Rutile. Rutile occurs in various forms in rubies 
from the Morogoro area. The rutile precipitations 
appeared near-colorless, probably due to the ab- 
sence of iron. Typically, fine needles and lancet- 
like rutile twins were observed (figure 12) and may 
cause asterism in cabochon-cut stones (figure 13). 

In addition, dusty to flaky disseminations, 
often referred to as clouds, of very fine particles 
caused turbidity in many of the stones; these may 
consist of rutile as well (figure 14). These fine 
inclusions of rutile and/or other particles were 
concentrated in varying densities and were often 
seen in growth zones bound by planes parallel to c, 
r, or a (figures 7, 14). They also occurred in 
irregularly defined areas, apparently related to a 
process of alternating growth and dissolution. 

Other Mineral Inclusions. Four additional mineral 
species have, to date, been recognized in the 
subject gem-quality rubies from the Morogoro 
area. 
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Figure 12. Rutile was commonly present as Figure 13. Dense concentrations of r ~ ~ t i l e  inch-  
needles and lancet-like twirls in the Momgoro sions produced asterism in some of the Mo- 
rubies examined. Magnified 20 x ; pholoniicro- rogoro stones. Magnified 10 x ; photomicrograph 
graph by H. Hcinni. by H. Hcinni. 

Spinel crystals were seen that are similar to 
negative crystals both in octahedral habit and in 
lack of birefringence. Thus, these small octahedra 
cannot always be differentiated from negative 
crystals with a microscope. One of these spinel 
inclusions was exposed at the surface of a faceted 
sample and so was examined by electron micro- 
probe (see table 2). Analysis revealed small 
amounts of Ti, Cr, Y and Fe, in addition to the 
major elements Mg and Al. 

Small prismatic to rounded crystals with ten- 
sion cracks (figure 15) were identified as zircon by 
SEM-EDS on the basis of Zr and Si present as the 
major elenlents. 

Apatite was observed as small prismatic crys- 
tals (figure 16) and was identified by the presence 
of Ca and P as determined by SEM-EDS. 

Pyrope inclusions were also identified by SEM- 
EDS, which detected major components of Si, Al, 

Figure 14. Extremely fine inclusions of rutiJe 
and/or other particles were concentrated in 
varying densities and were often, us here, con 
fined to growth zones in the ruby. Immersion, 
magnified 65 x ; photomicrograph by 
I<. Schmet zer. 

TABLE 2. Electron microprobe analyses of one spinel inclusion in a ruby from the new 
deposit in the Morogoro area, Tanzania.3 

Oxide 
(wt.%) Analysis 1 Analysis 2 

Cations 
(calculated 
to 0 - 4 )  Analysis 1 

A12Â° 

v2Â° 

Cr203 

FeO 
MgO 

Total 

Analysis 2 

2.000 
0.000 
0.007 
0.01 1 
0.977 
-- . 

2.995 

"See text tor details of analysis. Note that Zn was identified as present and estimated in the range of 
1-5 wt.% ZnO. 
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and Mg. In the Morogoro stones examined, pyrope 
appeared as irregularly shaped to rounded pink 
grains. 

Fluid inclusions were seen in the microscope 
as primary voids and pseudo-secondary healing 
feathers. The voids predominantly contain a 
monophase filling, but two-phase (liquid/gas) fill- 
ings, although rare, were also observed. 

Unhealed open fissures, usually filled with 
secondary FeOOH phases that had stained the 
fissures brownish red, were occasionally observed 
during microscopic examination. 

COMPARISON WITH BURMESE RUBY 
The rubies from the new deposit at Morogoro are 
significantly different from the rubies that were 
found earlier in this general area (Box B). However, 
a number of key features are common to rubies 
from Mogolz and this new deposit at Morogoro. 
These include: 

A characteristic color. 
1nhohj6~eneities in growth zoning parallel to 
distinct faces, as well as irregular "swirls," both 
often observed in conjunction with irregular 
color distribution. 
Sets of thin twin lamellae parallel to one, two, 
or three rhombohedra1 faces. 
"Clouds" of rutile needles and/or other dissemi- 
nated particles. 
Coarse rutile. 
Octahedral inclusions of slightly rounded solid 
material (spinel) or similar-appearing negative 
crystals. 

These similarities between the rubies from Mo- 
rogoro and those from the Mogolz district are 
probably due to a similarity in the geologic 
settings of the two occurrences. The Mogok 
rubies derive from a dolomitic marble in which 
red spinels are even more abundant than ruby 
[Keller, 1983). Tanzanian rubies from the new 
source in the Morogoro area are also found with 
an abundance of red and purple spinels. Therefore, 
it may be conjectured that these Tanzanian rubies 
also originate from a marble or marble-related 
parent rock. Other comparable occurrences of 
rubies and spinels situated in marble include 
Hunza, Pakistan (Bank and Okrusch, 1976; 
Gubelin, 1982); and Luc Yen, Vietnam (Weldon, 
1991; Kane et al., 1991); gem-quality ruby with 

Figure 15. Small prismatic crystals such as this, 
with tension cracks, were identified as zircon. 
Immersion, magnified 100 x ; photomicrograph 
by K. Schmetzer. 

Figure 16. A second type of small prismatic 
crystal observed in the Morogoro rubies was de- 
termined to be apatite. Magnified 50 x ; photo- 
micrograph by H.  Hanni. 

similar properties is also known from Nepal 
(Harding and Scarratt, 1986; Bank et al., 1988). 

Characteristics that, to a certain extent, may 
be used to distinguish the new Morogoro rubies 
from those of Mogolz are summarized as follows: 

Swirl-like growth structures are more fre- 
quently observed and more pronounced in Bur- 
mese rubies. 

Straight or angular color zoning may be more 
distinct in Burmese rubies. 

Angular color zoning parallel to the r, a, and r' 
faces has thus far been seen only in these rubies 
from Morogoro. 
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BOX B: COMPARISON OF NEW AND OLDER TYPES 
OF RUBIES FROM THE MOROGORO AREA 

Rubies and pink sapphires from the Morogoro area of 
Tanzania have been known in the gem trade since the 
mid-1980s, or even earlier, as reported to us by a 
number of dealers (Schmetzer, 1986b). The first gem- 
ological description of material from this area in- 
volved stones that are somewhat different from those 
described in the present article; descriptions were 
provided by Schmetzer (1986b), with additional infor- 
mation in papers by Barot (1989) and Bank and Henn 
(1989). The "earlier" rubies from the Morogoro area 
are generally of cabochon quality, and most are 
translucent at best; only a very small percentage are 
facet grade. The following summary of diagnostic 
features of this earlier material from Morogoro may 
be useful: 

The color is usually medium to light red to "pink" 
with brownish tints. 
The material reveals high iron contents, as evi- 
denced by the iron-related absorption bands at  450, 
388, and 376 nm in the visible spectrum. 
Rutile inclusions are absent, although s tones in 

one parcel examined revealed transparent color- 
less needles, which microprobe analysis proved to 
be sillimanite or lzyanite. 
Neither color zoning parallel to growth planes nor 
irregular color distribution ("swirls"] has been 
observed. 
Narrow twin lamellae are frequently found, 
n~ostly in three directions; these form dense, 
three-din~ensional frameworks of intersecting 
straight lines. 
Intersecting lamellar straight lines are often con- 
fined to boehmite particles, so  that the intersect- 
ing lines have a lath-like framework. 
Twin lamellae are frequently confined to parallel 
planes of polycrystalline boehmite. 

Consequently, no difficulties arise in distinguishing 
samples of the older material from those stones 
discovered more recently at the Morogoro area. Nor 
does material from the earlier mining operations 
share any distinctive characteristics with Burma- 
type stones. 

Growth planes parallel to two rhombohedra1 
faces and one prism face that form two angles of 
137.0' are common in Morogoro rubies and rare 
in those from other localities, including Mogok. 

The presence of two or three systems of twin 
lamellae is less common in Burmese rubies, 
which usually have only one such system, as are 
intersecting straight, parallel lines, or even a 
three-dimensional framework of lines, which 
are related to the twin lamellae. 

Vanadium and gallium contents are generally 
higher in Burmese rubies, as measured by 
EDXRF (Stern and Hanni, 1982; Hanni and 
Stern, 1982). 

Consequently, it seems evident that an unequivo- 
cal determination of origin of rubies from marble 
deposits can be ascertained only under favorable 
conditions and may be possible only for certain 
stones, even by the best-equipped gemological 
laboratory. Thus, the distinction between Burmese 
and Tanzanian marble-related rubies will be very 
difficult for the practicing gemologist. 

CONCLUSION 
Appreciable amounts of good-color, translucent to 
transparent rubies have recently emerged from the 
Morogoro area of Tanzania, possibly the Matombo 
mine. These rubies share many distinctive fea- 
tures with rubies from the historic locality at 
Mogok, in Myanmar (Burma). This is an important 
consideration to certain segments of the trade for 
whom origin is of critical concern. However, our 
examination of several Morogoro rubies and innu- 
merable Burmese stones suggests that swirl-like 
growth features are more frequent, and straight or 
angular color zoning more prominent, in Burmese 
stones, while the presence of two or three systems 
of twin lamellae is more common in the Morogoro 
material. However, only the Morogoro rubies very 
frequently show growth features and color zoning 
parallel to the r, a, and r' faces, forming two angles 
of 137.  EDXRF analyses of seven samples of the 
Morogoro material indicate that there are lower 
amounts of the trace elements vanadium and 
gallium in the Morogoro stones than in their 
Burmese counterparts. 
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The examination of Morogoro rubies rein- variety of localities. The products of such deposits 
forces the observation that deposits of quite siini- may also be quite similar, as appears to be the case 
lar geologic conditions (in this case, marble or for ruby from Myanmar, Pakistan, Vietnam, Nepal, 
marble-related deposits) may be encountered in a and Tanzania. 
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