
NOTES A,ND NEW TECHNIQUES 

RUBY AND SAPPHIRE FROM THE 

By Alexander J. Kissin 

Primary occurrences of ruby, pink sapphire, sapphires of other colors, 
and spinel have been found in marbles in the Ural Mountains. This 
article describes one occurrence, at Kootchinskoye, in the southern Urals, 
as a model for others in the Ural Mountains. Study of Kootchinskoye 
also /fives some pidelines for predicting other ruby deposits. Although at 
present, there is no commercial production in this area, it appears to 
have swnificant potential, 

following the 1825 discovery of alluvial gold in the 
Kamenlza and Sanarlza River basins of the southern 
Ural Mountains, numerous gem materials were 
found in the course of gold mining. These include 
beryl, chrysol~eryl, corundum, diamond, euclase, 
topaz, and tourmaline. As a result, Professor N. I. 
I<olzsharov (1855) referred to the region as the 
"Russian Brazil." Corundum from placers in the 
area was first reported by Barbot de Marny (1855). 
The specimens were relatively large (pink and blue 
sapphire up to 10 x 20 mm; ruby up to 10 mm) but 
not of gem quality. It was assumed within the geo- 
logic community that they originated in pegrnatites, 
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which are abundant in the area, although no corun- 
dum had been observed in situ. 

In 1978, the present author postulated in the 
course of his studies that the ruby may have origi- 
nated in marbles, which are also widespread in the 
area. This would be analogous to the occurrence of 
corundum in marbles at localities such as Mogolz, 
Myanmar (see, e.g., Kane and Kaminerling, 1992), 
from which some of the world's finest rubies are 
mined. Consequently, in 1979, the author traveled 
to the Kootchinslzoye marble quarry, where he dis- 
covered ruby, pink sapphire, and other varieties of 
corundum in situ (figure 1). In 1983, ruby and sever- 
al varieties of sapphire were found in marble at 
Choolzsinsolzoye near the village of Choolzsa (here, 
in alluvial deposits as well as in situ) and at 
Svetlinslzoye. In 1988, three additional primary and 
five alluvial occurrences were found in, or associat- 
ed with, marbles. The gem-bearing rocks occur in a 
linear belt about 600 lzm long (figure 2). 

Ruby and sapphire mineralization is now known 
to occur in marbles w i t h  four metamorphic coin- 
plexes in the Ural Mountains: Murzinslzo-Aduislzii, 
Kochlzarslui, Jabylz-Karagaislui, and Suundulzslzii (fig- 
ure 3). On the basis of the known geology, other poten- 
tial ruby- and sapphire-bearing areas are believed to 
exist in the Urals. Thus, the Ural Mountains represent 
an extensive new area of gem corundum mineraliza- 
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Fjgure 1 .  These ruby crystals 
were found at the 1~ootcl1i11s1zoye 

marble quarry in the Southern 
Ural Mountains of Russia. They 
average 1 x 2 mm and belong to 

the "type A" category of  gem 
corundum from this area. Photo 

0 G1A and Tino Ha1n111jd 

tion that has been called the "Uralian ruby-bearing 
province" (Kissin, 1990a). To date, approximately 
100-150 carats of facet-grade corundum have been 
recovered and fashioned at various facilities 
(Elzaterinburg, Moscow, and an undisclosed location 
in Czechoslovakia) for evaluation purposes. 

This article describes the results of a study con- 
ducted to better understand the geologic environ- 
ment of this gem deposit and provide a basis for 
further exploration in the area. It reports 011 the geo- 
logic conditions and constraints relating to the for- 
mation of the presently known Ural Mountain ruby 
occurrences, especially at the Kootchinslzoye 
deposit. Also provided are some gemological proper- 
ties of gem corundum produced to date. Although 
ruby and sapphire are not yet commercially extract- 
ed from this area, it is expected that exploration will 
successfully find more deposits, some of which 
eventually will become active mines. 

LOCATION AND ACCESS 
The I~ootcl~inslzoye marble quarry (figure 4), which 
measures about 100 in x 40 m (330 feet x 132 feet), 

is located on the eastern side of the Ural Mountains, 
in the moderately wooded southern part about 50 
kin from the highest peaks in the range. The region 
consists of both flat and hilly areas with maximum 
relief of 300-380 111. Annual temperatures range 
from -12' to -50Â° (lo0 to -58OF) in the winter, 
when the ground freezes to a depth of 1.5 m (5 feet), 
and from 17' to 35OC (63O-95OF) in the summer. 
Although there are a few small rivers in the area, 
there are no major rivers or lakes. Plast, about 15 lzm 
from the Kootcl~inslzoye deposit, is the largest town 
in the vicinity (population: approximately 50,000); 
Chelyabinslz-about 120 lzm to the north-is the 
largest city (population: about 1.2 million). The 
deposits can be reached by auto or train from all 
major population centers (e.g., Elzaterinburg, 
Chelyabinslz) in the region. 

GEOLOGIC SETTING OF THE 
KOOTCHINSKOYE OCCURRENCE 
Because rubies and sapphires were first discovered in 
situ at Kootchinsl~oye~ it has been the object of more 
geologic studies than any of the other occurrences in 
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Figure 2. The rocks con- 
taining ruby and sap- 

phire occur in a 600-1~111 
linear belt (shown in  

orange on the inset) in 
Russia's southern Ural 

Mountains. Most 
deposits located thus far 

are near Hzoterin burg 
and Chelyabinslz. The 

Kootchinslzoye deposit, 
on which most geologic 
studies have been con- 

ducted, is near the town 
of Plast. 

this region. It appears to be representative of other 
ruby-bearing marble occurrences in the Ural 
Mountains. Therefore, it is used here as a model of 
such occurrences and to describe the geologic condi- 
tions under which corundum formed. 

The I<ootcl~inslzoye ruby/sapphire deposit 
occurs at the edge of the Kochlzarslzii metamorphic 
complex (again, see figure 3), which is of Middle to 
Upper Paleozoic in age. Metainorplisin began about 
300 My ago, with the first-prograde (higher pres- 
sure or temperature)-stage lasting no more than 30 
My, and the last-retrograde (lower pressure or tem- 
perature)-stage ending about 260 My ago. 
Structurally, the complex is characterized by domes 
between which are tectonically formed depressions 
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known as graben-synclines, which are bounded by 
formations dipping inward like those of a syncline. 
The domes usually are formed in gneisses and gran- 
ites, whereas the graben-synclines characteristically 
are formed in scl~ists, amphibolites, and marbles; 
both have numerous fracture and fault zones (figure 
5). In places, granite dikes and pegmatites are wide- 
spread, as is silicification in the fracture systems, 
with some occurrence of pink topaz and green tour- 
maline. Metamorphic amphibolite facies roclzs (typ- 
ical of moderate-to-high pressure and high-tempera- 
ture regional inetamorpl~ism) have been identified 
in the doinal structures, whereas metamorphic 
albite-epidote-amphibolite facies roclzs (formed 
under lower pressures and temperatures) occur in 
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Figure 3. This geologic 
map shows the loca- 
tion of ruby and sap- 
phire occurrences in a 
portion of  the southern 
Ural Mountains near 
Eliaterinburg and 
Chelyabinsk. Legend- 
the boxes above corre- 
spond to the following 
outcrops of major rock 
types and gemstone 
occurrences: (A) gneiss- 
migmatite complex; 
(B)  large granitic intru- 
sions; (C) ruby and 
sapphire-bearing meta- 
morphic complexes; 
(D) ruby and sapphire 
deposits (Kootchin- 
slioye and Clioolisin- 
solioye); (E) ruby and 
sapphire occtz~rences 
found by  exploration 
based on recently 
developed concepts; 
(P) major fault zones. 
Roman numerals repre- 
sent major geologic 
(structural) features: 
(I)  Western Uralian 
fold belt; (11) Central 
Uraliun Uplift; (111) 
Tagilo-Magi~itogorosliii 

trough (downwarp); (IV) Eastern Urnlian Uplift; 
(V) Eastern Uralian trough; (VI) Transuralian Uplift. 
Circled Arabic numerals refer to gneissic-n~ign~uti~ic 
complexes containing marbles with gemstone vari- 
eties of corundum: (1 )  Guievsliii (Sosvinsl<ii and 
Medvedevslzo-Saldins1zii)-no gem corundums found 
yet but potential is good; (2) Murzi~~slzo-Aduiskii; 
(3) Kochkars1~ii; (4) Ja byk- Karagaislzii; (5) 
Suunduksku. Watercolor 6 y A. 1. Kissin. 

Figure 4. Light-colored calcite marble in 
Kootchinskoye quarry's north wall is represen- 
tative of  material in  which ruby occurs. The 
quarry is filled with water 5-7 m deep. Photo 
by  A. 1. Kissin. 

the graben-syncline structures. The I<ootchinslzoye 
ruby-sapphire deposit is located in the axial part of a 
graben-syncline structure in which marbles are par- 
ticularly abundant. 

CHARACTERISTIC FEATURES OF THE 
KOOTCHINSKOYE MARBLES 
Three types of marble have been identified at 
I~ootchinslzoye, by means of wet-chemical analyses 
of 150 marble specimens and semi-quantitative 
emission spectrographic analyses on 90 marbles. 
Each represents a different set of metamorphic con- 
ditions (or reactions; Kissin 1 990b, 1991). 

Calcite Marble. This light-colored, massive, medi- 
urn-grained marble is composed of anhedral calcite 
crystals. Polysynthetic twinning is rare. It contains 
less than 0.05 wt.% MgO. Accessory minerals 
include quartz, adularia, fuchsite (chroinian mus- 
covite), green tourmaline, amphibole, graphite, 
pyrite, pyrrhotite, sphalerite, galena, hematite, and 
chlorite. Corundunl is not found in this type of 
marble. 

Magnesian Calcite Marble. This marble is typically 
variegated light blue, light green, white, and gray, 
and is composed of interlocking aggregates of inedi- 
um- to coarse-grained euhedral calcite crystals that 
are highly deformed and do exhibit polysynthetic 
twinning. Magnesian calcite marble occurs inter- 
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Figure 5. This geologic 
map of the Koolchins- 

grown with calcite marble; both have gradational 
boundaries. The MgO content of inagnesian calcite 
marble ranges from 0.1 to 0.9 wt.%. This type of 
marble does contain corundum and other accessory 
minerals, such as spinel, apatite, pyrite, pyrrhotite, 
rutile, fluorite, green tourmaline, Cr-pargasite (an 
amphibole), sulfur, margarite, diaspore, anhydrite, 
tsavorite, phlogopite, and Al-chlorite. 

Dolomitic Calcite Marble. This white to light-yel- 
low, fine-grained rock has a poil~iloblastic texture 
(i.e., one in which small grains of one mineral occur 
with larger grains of another mineral). Inclusions (or 
relicts) of inagnesian calcite marble are often 
observed in the dolomitic calcite marble, which 
itself occurs as lenses or veins (or occupying frac- 
tures) as much as 2 in wide in the magnesian calcite 
marble. The MgO content of dolomitic calcite mar- 
ble always exceeds 1.0 wt.% and may reach almost 
22 wt.%, depending on the amount of dolomite 
(pure dolomite contains 21.86 wt. % MgO). This 
marble also contains corundum, as well as accesso- 
ry minerals such as spinel, pyrite, rutile, phlogopite, 
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koye ruby-sapphire occur- 
rence was compiled by 
the author. The numbered 
boxes and lines in  the key  
correspond t o  similar col- 
ored areas and lines in  
the map. The numbers 
represent: (1)  marbles 
with schist lenses, 
(2) schists with marble 
lenses; (3) amphibolites 
and amphibole schists; 
(4) gneisses and schists; 
(5) minor granitoid intru- 
sions; (6) fault zones; 
(7) fractures; (8) rock-unit 
contacts1 boundaries; 
(9)  the Kootchinskoye 
quarry; (10) type-A ruby 
occurrence; (11) type-B 
pink sapphire occurrence; 
(12) type-C sapphire 
occurrence. Watercolor by 
A. /. Kissin. 

tourmaline, Cr-pargasite, sphene, fluorite, norber- 
gite, graphite, Al-chlorite, and tremolite. 

Calcite marble, which is widespread in the Koch- 
lzarslui metamorphic complex, formed by recrystal- 
lization of limestone during prograde (high-pressure) 
metamorphism. Magnesian calcite marble is locally 
abundant at Koochinslzoye, intergrown with calcite 
marble; it formed during prograde metamorphism 
accompanied by the introduction of fluids. Dolomitic 
calcite marble formed by magnesium metasomatism 
in the magnesian calcite marble during retrograde 
(lower pressure/temperature) metamorphism. 

MATERIALS AND METHODS 
This study is based on the microscopic examination 
of approximately 1 1,000 heavy-mineral concen- 
trates, and approximately 500 insoluble residues, 
obtained after hydrochloric acid treatment of mar- 
bles. The concentrates (see, e.g., figure 6) ranged 
from several n~illigrams to a few kilograms. Average 
grain size ranged from 1.0 to 2.7 mm. Morphological 
and other characteristics of several thousand corun- 
dum specimens from Kootchinsl~oye were studied. 
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Figure 6. This sample, which contains ruby, 
spinel, and chrysoberyl, is representative o f  
concentrate that was obtained from 1 111.q of  
gravel recovered from Kootcl~inskoye. Grain 
sizes range from 1.0 to 2.7 mm.  

Their inclusions were identified primarily by inicro- 
probe analysis of thin sections and the morphology 
of the crystals. Refractive indices were determined 
on 30 samples using a polarizing microscope with 
calibrated immersion liquids. In addition, six corun- 
dum specimens were analyzed by wet chemistry. 
For the purpose of this article, microprobe analyses 

(using a JXA-5 electron microprobe) were performed 
on 11 pink and red corundum and 11 dark red, pur- 
ple-red, and pink spinel samples from Kootchins- 
lzoye; each was approximately 1-2 mm. 

RESULTS: THE KOOTCHINSKOYE 
RUBIES AND SAPPHIRES 
The rubies and sapphires recovered from the 
Kootchinslzoye deposit appear to fall into three cate- 
gories, designated types A, B, and C (Kissin, 1991). 
Table 1 lists selected physical and optical properties, 
as well as chromium content, of the three types of 
gem corundum. Only types A and B have the color 
and clarity appropriate for facet-grade material; type 
C may be suitable for use as cabochons. Table 2 pro- 
vides the results of the electron microprobe analyses 
of 11 gem corundums from the same deposit. 

Type A (Ruby). This type typically ranges from 
bright red to purplish red (again, see figure 1) and has 
a thick, platy habit (figure 7). Crystals are usually 
well formed, but "case-like" skeletal forms (i.e., hol- 
low crystals filled with the host rock) are often 
observed. The surfaces of the crystals are frequently 
highly reflective. Although the crystals are traiispar- 
ent, they have prominent striae. The crystal faces 
c (0001) and r (1011) are well developed, as occasion- 
ally are n (2243) and a ( 1  120). Aggregates of crystals 
are rarely observed and, when encountered, do not 
consist of more than three individuals. 

TABLE 1. Properties of ruby and sapphires from the marbles at the Kootchinskoye occurrence in the southern Ural Mountains. 

Property Type A - Ruby Type B - Pink sapphire Type C - Sapphire, 
pink sapphire, ruby 

Color 

Habit 

Crystal faces 

Transparency 
Fractures 
Inclusions 

Typical weight 
Aggregates 

Refractive indices0 
Birefringenceb 
C r A  content 
Jewelry potential 

Red (varies from "crimson" 
red to red-violet) 
Thick, platy; well-formed crystals; striae 
from rhombohedra1 twinning common 
c (0001) and r (101 1) well developed; 
occasionally n (2243) and a (1 120) 
Transparent 
Usually fractured 
Octahedral pyrite and apatite, gas 

1 ct 
Rarely observed; not more 
than 3 individuals when found 
1.771 and 1.760; 1,772 and 1.760 
0.01 1-0.013 
1.22-2.81 wt.% 
Very good 

Pink (varies from pale to dark 
pink with local areas of blue) 
Typically round; occasional 
acicular crystals 
c (0001) anda (1120) 

Transparent 
No fractures 
Octahedral and pentagonal pyrite 
and black futile, gas 
Less than 1 ct 
Up to 8-10 individual crystals 

1.767 and 1.758 
0.009 
0.1 1-0.51 w t %  
Good 

Light colors to blue, red, 
and brown or colorless 
Massive; rounded; irregular - 
can be well formed, but rare 
None or seldom 

Generally translucent to opaquen 
Fractures rare 
Pentagonal pyrite, red rutile, 
phlogopite, graphile, gas, liquid, etc. 
Variable - can be extremely large 
May be fine-grained aggregates 

1.767 and 1.759 
0.008 
0.03-0.27 wt.% 
Poor; for cabochons onlyJ 

'Has been found to be transparent, faceling quality at other deposits, such as at Lipovskoye in the central Urals. 
'AS determined with a polarizing microscope using refractive-index liquids. 
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Figure 7. Characteristic ciystul forms of type-A 
(ruby) corundum. Type-A rubies typically occur 
in "flattened" crystals, whereas i ype-B rubies 
are usually rounded. 

Inclusions of pyrite (with a combination of octa- 
hedron and pyritohedron forms) and apatite have 
been observed, but no carbonate inclusions were 
seen in other than the skeletal crystals. These rubies 
may weigh as much as several carats (the largest so 
far observed weighed 120 ct); however, those of gem 
quality typically are 1 ct or less. 

Note that the indices of refraction vary with the 
Cr203 content, in agreement with published data. 
Birefringence was considerably higher in the type-A 
rubies than in their type-B and type-C counterparts. 
As is to be expected based on the color appearance, 
Cr203 content was usually significantly higher in 
the type-A material than in types B or C, although 
the author has analyzed some type-C corundum 
with a relatively high Cr203 content. 

Type B (Pink Sapphire). This type of gem corundum 
ranges from pale pinlz to dark pinlz, with local areas 

of blue (figure 8). Crystals are typically round; occa- 
sionally, however, well-formed elongated crystals 
with well-developed c (0001) and a (1120) faces are 
observed. The crystals are usually transparent and 
have few or no fractures. Pyrite (with octahedron 
and pyritohedron faces) and short, black-appearing 
rutile crystals are typically found as inclusions. 
Type-B pink sapphire is usually smaller than type-A 
ruby. 

Type C (Other Sapphires). Type-C corundum can be 
red, pinlz (figure 9), brown, yellow, blue, violet, or 

Figure 8. Type-5 pink sapphires from the 
Kootchinskoye deposit. These crystals average 
0.5 x 1 mm. Photo 0 GIA and Tino Han~mid ,  

TABLE 2. Results of electron microprobe analysesa of gem corundums from the Kootchinskoye occurrence. 

Oxide (wt.%) Type A (red) Type B (paldark pink) Type C (colorless-pink) 

1 2 3 4 5 6 7 8 9 10 11 

'Analyses were performed by Valentine Gmyra of the Institute of Geofoqy and Geochemistry of the Urals Branch of the Russian 
Academy of Sciences on a JXA-5 electron microprobe operating at 20 key a current of 10 nA; standardZAF corrections were made. 
Note that vanadium (as V g - j  was checked, but none was Sound in any specimen. 
,Total iron as FeO. 
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Figure 9. This 3-cm-long crystal has the poor 
diaphaneiiy associated wi th  type-C corundum 
from Kootchii~slzoye. Phoio 0 CIA and Tino 
Humrnid. 

colorless. At Kootcl~inslzoye, the crystals are usually 
irregular in shape and translucent to opaque. 
Fractures are rarely observed, but the presence of 
many inclusions (gas, liquid, long red rutile needles, 
phlogopite, graphite, pentagonal pyrite, etc.) con- 
tributes to the typically poor diaphaneity. (Note, 
however, that facet-grade type-C crystals have been 
recovered recently from a new deposit at 
Lipovslzoye.) Large specimens (8-10 mm; rarely up 
to 50 mm) of this corundum have been observed. 

CONDITIONS FOR THE FORMATION 
OF THE RUBY AND SAPPHIRE 
The different corundum types appear related to spe- 
cific types of marble and especially the specific 
(metamorphic) conditions of temperature and pres- 
sure to which the host rock has been exposed. 
Geobarometry studies conducted by the author 
(based on the dolomite-calcite technique described 
by Talantsev, 1981) revealed that the dolomitic cal- 
cite marble formed at a temperature in the range of 
620Â°-660Â and a pressure of about 2.5 kbar (Kissin 
and Talantsev, 1986). These values, which probably 
represent the highest temperatures and pressures 
attained in the area, correspond well to the meta- 
morphic conditions determined for the Kochlzarslzii 
metamorphic complex by Boltyrov et al. (1973). 

Theoretical and experimental studies of the 
reaction 

corundum + dolomite <-> spinel + calcite + CO, 

reveal that the temperature and pressure at which 
the above reaction will proceed, and which ininer- 
al(s) will be found in the marbles, depends 011: (a) 
CO, pressure, and (b] magnesium activity (roughly 
proportional to the concentration of magnesium in a 
rock; magnesium is available in dolomite-Pertsev, 
1977; Jansen et al., 1978; Thordarsson, 1981). These 
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studies have shown that as the temperature increas- 
es, the reaction moves to the right (spinel is formed), 
and as the pressure increases, the reaction moves to 
the left (corundum forms). Further, if the magne- 
sium activity is increased, a corresponding increase 
in CO, pressure is required for the corundum to be 
stable. Thus, changes in temperature and C 0 2  pres- 
sure, as occur during the various stages of metamor- 
phism (prograde, retrograde), may have a major 
influence on the stability of minerals, including 
corundum. 

At Kootchinskoye, type-A ruby formed in inag- 
nesian calcite marbles during prograde metamor- 
phism as a result of fluid activity on limestone. 
During subsequent retrograde metamorphism of the 
inagnesian calcite marble, which resulted in the for- 
mation of dolomitic calcite marble, most type-A 
ruby was converted to spinel. The type-A ruby that 
survived usually is strongly fractured (as a result of 
prograde metamorphism) and sometimes shows 
polysynthetic twinning. 

Type-B pink sapphire formed during an early 
stage of retrograde metamorphism of inagnesian cal- 
cite and dolomitic calcite marbles. This sapphire 
formed simultaneously with the marbles; however, 
where the marble has a high magnesium content, 
spinel is more likely to have formed than pink sap- 
phire. Because compressive stress was minimal dur- 
ing the retrograde metamorphism, type-B pink sap- 
phire typically does not have fractures. 

Type-C sapphire was formed under conditions 
of decreasing temperature, changes in the fluid 
regime (increasing role of H20), and high C 0 2  pres- 
sure. It formed in, and filled, fractures in both the 
magnesian calcite and dolomitic calcite marbles. 
When the CO, pressure decreased, orangy red spinel 
formed instead of corundum. Thus, spinel is found 
in both types of marble, where it replaced ruby and 
pink sapphire that formed earlier. However, the 
replacement is incomplete and only occurs near (i.e., 
within 1-2 mm of) fractures in the host marble. 
Beyond this distance, the corundum and spinel are 
unaffected. 

DISCUSSION 
Ruby and sapphire from marble deposits have been 
know11 for more than a dozen centuries (see, e.g., 
Kane and Kainmerling, 1992). However, relatively 
little is known of the origin of these deposits. Based 
on the study of published geologic data, it appears 
that the ruby and sapphire deposits in Myanmar 
(Iyer, 1953; Keller, 1983; Kane and Kainmerling, 
1992), Pakistan (Olzruscl~ et al., 1976; Gubelin, 1982)) 
Afghanistan (Rossovskii, 1980), and Tanzania (Hanni 
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and Schmetzer, 1991 ) have many sin~ilarities, and 
may be analogous, to those at Kootcl~inslzoye and 
elsewhere in the Ural Mountains. All these Russian 
deposits occur in marble (frequently in several dis- 
tinct types). Two types of ruby (and sapphire), as well 
as spinel, have been recognized in most of them 
(Rossovslui et al., 1982). In the case of the Uralian 
deposits, of which I~ootcl~inslzoye is a representative 
example, the three types of ruby and sapphire (types 
A, B, and C) are rarely found together. Although 
n~etamorphisin (i.e., significant changes in tempera- 
ture and pressure) is the main geologic factor in the 
formation of the ruby and sapphire, other factors are 
also important. In particular, the magnesium content 
of the marble will have a major influence on whether 
spinel is the preferred (stable) mineral phase. The 

content of the marble does not seem to be a 
critical factor, inasmuch as this component is low in 
all three types of ruby- and sapphire-bearing marble 
at I<ootcl~inslzoye; in fact, the A&03 content of the 
gem-bearing marbles (0.08-0.13 wt.%) is lower than 
that of nearby marble that does not contain corun- 
dum (0.15-0.18 wt.96). 

Some investigators have suggested that the 
ruby-sapphire mineralization in marble developed as 
a result of the contact metamorphic action of peg- 
mat i te~ or granites on aluminum-bearing roclzs (e.g., 
ICievlenlzo et al., 1974). However, such does not 
appear to be the case, at least with the Uralian 
deposits, because at some of these deposits peg- 
mat i t e~  and granites are either rare or absent. In the 
author's experience, where contact zones between 
pcgmatites and marble or aluminum-bearing roclzs 
have been observed, ruby and sapphire are rarely 
found. 

CONCLUSIONS 
Rubies and sapphires have been recovered from dif- 
ferent types of marbles in the Ural Mountains. The 
site where they were first discovered, Kootchin- 
slzoye, serves as a model for other deposits found in 
the Urals. On the basis of gemological and chemical 

Fig~~re 10. This 0.3-ct ruby was recovered from 
a relatively recent occurrence at Lipovskoye in 
the central Urals. 
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