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1100 Afghan Raby and Sapphire

he gem mines of Afghanistan are some of the old-
est in the world. The Lapis lazuli mines at Sar-
Sang, in the Badakhshan region, have bee:
worked for at lcast 6,500 years [sce, g, Wyart ct al,, 1981,
Today, Afghanistan continues to be an important source of
various gem mincrals—including emerald, uby, sapphire,
aquamarine, tourmaline, and spodumenc (scc, c.g.,
Bowersox and Chamberlin, 1995). Yet relatively little is
known about many of the gem localities
“This article reports on the only known source of ruby in
Afghanistan: the Jegdalek region. A historical review, the
seology, mining methods, and eurrent production of gem
corundum figure 1] from Jegdalek are given below, together
with the results of our rescarch on the gemological proper.
ties of this material.

BACKGROUND
Although most of the records of the Ministry of Mines and
Industry have been destroyed by the racket attacks and
bombs that have plagued Kabul since 1979, we were able to
glean a fair amount of information from the literature. The
seographic location of Afghanistan among several powerful
neighbors [i.c., China, Iran, Pakistan, Uzbekistan,
Tajikistan, and Turkmenistan; figure 2| has resulted in
¢ history of turmoil. Additionally, invasions by the
Greeks (327 BC), Mongols (1227), British (1838-1919), and
Russians (1979-1988), among others, destroyed and/or dis
placed portions of the Afghan population. However, these
major invasions also influenced gem exploration and pro
duction, as gems were sought 10 trade for weapons. In addi
tion, throughout history, Afghan mining arcas have heen the
oblects ofibal wars and bandiry s, Wood, 841).In
1992, the senior author experienced nightly rocket attacks
when he visited the ruby mining area.
“The Jeadalek mines have been worked for more than 700
years. During the 12005, wealthy Muhammadan merchants
sold rubies to Kublai Khan and other famous historical fig-
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ures. These merchants reportedly could el the dif-
ference between ruby and spinel (Bretschneider,
1887). For most of the last 100 years, the mines
were owned and operated sporadically by the
Afghan government. Shorely after the 1979 inva-
sion, the Soviets ran the Jegdalek mines for five ©
six months. Today, they are exploited solely by
local wribal people year-round

LOCATION AND ACCESS
‘The Jegdalek mines are located approximately 60

Figure 2. Historically. there
Afghanistan, since places,

Afighan Ruby and Sapphire

Figure 1. Although the
Jegdalek region of
Aghanistan has produced
ruby and sapphire for more
than 700 years, rlatively
little is known about these
deposits. The 3222 ct ruby
in this 18K gold pendant is
from Jegdalek. as are the

94 ct ruby and 131 ct sapr
phire in the ring. The stones
were carved by Bart Curren
in the Glypic llusion style.
and the jewelry was manu-
factured by Gregs Crawiord:
ring courtesy of ewelry Box
Antiques, Kansas City.
Missouri. Photo © Harold &
Erica Van Pelt

K (37 miles| east-southeast of Kabul, and can be
reached by two routes from Kabul, in approximately
four to six hours by four-wheel-drive vehicle (again,
see figure 2. Jegdalek also can be reached from
Jalalabad by two different routes of approximately
cight hours each. However, the southem route has
not been used for the last several years because of

mines. The route via Sorobi on the war-tom
Kahul/Jalalabad road still can be negotiated by vehi-
cle. At Sorobi, the road tums south onto a Jeep trail.
As it approaches the mining arca, the trail alternates.
between dirt track and streambed, which makes the
drive very slow.

The coordinates of the Jegdalek mines are
34°26'N, 69°49'E (Orlov et al,, 1974; Shareg et al,,
1977). This was verificd by the senior author, using
a GPS (Ground Positioning System| instrument,
during his survey in 1996. At that time, the deposit
wnrkcd from 34°25/98" N, 69°49'80" E to

N, 69°49'08"E, at elevations ranging from
0 m (5,100 fect) t0.2,000 m (6,550 fee.

REGIONAL GEOLOGY
The Jegdalek deposit is located within the conti-
nental collision zone between the Asian and

was confusion over the location of the ruby deposits in

‘names, and transiterations were gleaned from historical
documents. Today, we know that the Jegdalek mining area i found.
portion of the Sorabi region, 60.

reached by vehicle from Kabul in about four to s hours,

in the southern

kan (37 miles) east of Kabul. The mines can be
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Figure 3, In South Asia, sev
eral marble-hosted ruby

‘and Indian plates, includ-
ing (1 Jegdalek: (2]
Tajikistan; (3) Hunza,
Pakistan; (4) Azad
Kashmir; and (5) Ne
Geology after Sorkhabi and
Stump (1993): HFT =
Himalayan Frontal Thrust
ITSZ - Indus-Tsangpo
Suture Zone, MBT - Main
Boundary Thrust, MCT =
Main Central Thrust, MKT
- Main Karakoram Thrust
and MMT = Main Mantle

Chias-Jial Compiex

Indian plates (figure
ting si
Asia i.e
Pakistan [G:
1997); and Nepal [Smith et al., 1
deposits are hosted by metamorphosed limestones
{marbles) that were originally deposited along the
s of ane or both of the two plates. Although
the age of ruby formation at these deposits is
unknown, their spatial association suggests that

3}, in a regional geologic sct
I that of i by dipols In St
Tajikistan [Smith, 1998]; H

accompanied the continental collision
collision between South Asia and the Indian sub-
continent is estimated to have taken plac
million years [m.y.| ago, although it may have

112 Alghan Ruby and Sapphire

begun as recently as 40 m.y, ago (Powell and
Conaghan, 1973 Still ongoing today, the collision
resulted in the formation of the Himalaya
Karakoram, Hindu Kush, and Pamir mountain
ranges (again, see figure

As stated by Kazmi (1989), three distinct geotec-
tonic domains or terranes are reco
Pakistan and the adjacent regions of Iran and
Afghanistan. From south to north, they are (1]
southern or Gondwanic, (2] central or Tethyan, and
(3] norchern or Eurasian. The Jesdalek deposits le
within the central (Tethyan| terra
complex assemblage of ophiolitic rocks
nal sediments, island arcs, and micro-continents
that probably collided with the southern edge of
Eurasia in the carly Jurassic

ognized in

which is a
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LOCAL GEOLOGY AND OCCURRENCE
OF RUBY AND SAPPHIRE

The geology of the Jegdalek arca has been described
by Gricshach (1586, 1892), Barow (1915), Orlow et
al. (1974), and Rossovsky (1980]. The rocks at the
Jegdalek deposit are composed of interstratified
Proterozoic gneisses and marbles (Nuristan serics)
that strke castowess. According o Rossovsky
(1980), the marble is approximately 1,550-1,
my.ol

The marble horizons range from 0.5
200-300m (15 © 65099 fec]thick and o sv.
eral hundred meters 10 7-8 km (4-5 miles] long
[see, e.2, figure 4). The marbles are essentially pure
it wuh small amounts of magaesium impuri-
ties (0.68-4.78 wt.% MgO). The associAud gneisses
are cx)mpusu{ of kyanite. ibole-pyroxene,
pororene-blotite, botite-amphibole, and athcr
assemblages. The gneisses and marbles are intruded
by numerous dikes of granite and desilicated peg-
matites of the Oligocene-age L\ghmm complex
{about 30 m.y. old; Debon et al,,

‘The Jegdalek deposit pmbahly A by region-
al metamorphism of the marble and gneiss, with
local contact metasomatic effects from the intruded
granitic rocks. The al\\mmum, magnesium, and
chromium necessary for the development of ruby
and associated minerals were likely present within
the host marbles as impurities (e, clay minerals)
that were concentrated as a result of chemical
weathering before the marbles were metamor-
phosed (see, e.g, Okrusch ecal, 1976)

Ruby and sapphire are mined from two separate
zones of mineralized marble—north and south—
which are separated from each other by a maximum
of 600-800 m, and joined in the west. T!
crtcitol the Conmdum sntalzation s mois than

Characteristic of the ruby-bearing marble is
its coarse grain size. Ruby occurs in irregularly
shaped lenses, rarely more than 2-3 cm wide, that
are oriented lengthwise within individual horizons
and beds of marble (Orlov et al, 1974).

MINING METH¢
In 1886, Griesbach wrote that there were about

o6t o g beiciog bl
Droken i with s picks. pbes (Hgies
and, in a few cases, pneumatic drils {figure 6) and

Afghan Ruby and Sapphive

Figure 4. The sniorauthor s s 0
ncor the Jeaaalek g WA Sevesel mitse
woekingsaee visibla alon the minerakized -
ble belt that stretches eastward in the distance.
Photo by Khudai Nazar Akbari,

dynamite, The broken rock is lifted from the mine
pits (see figure 7] by a simple pulley system. Some
of this material s stacked nearby to form rudimen-
tary shelters (figure 8. Within these shelters, the
‘gem-quality ruby and sapphire crystals are separat.
ed from the marble for cutting,
About 20 mines at Jegdalek have been named,
there are many small unnamed diggings. Today,
approximately 400 miners are active. Most work in

Figure . Workersremove marble withprybars to

uncove he gem oo o egle st of

the mining techniques used today are the same as

those reported by Criesbach in 1892, Photo by
Gary Bowersos.
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'
Figure 6. Mining at Jegdalek is small scale. The
only mechanized equi

ipment consists of a few
umatic hand drills. Photo by Gary Bowersox

sroups of five to six; groups of 15-20 mincrs operate
the larger mines. This accounts for full employment
of available workers, as most of the villagers have
left the area because of tribal warfare. All miners
share profits equally among the members of their
group, after providing local military commanders
with a commission of approximately 5%.

PRODUCTION AND DISTRIBUTION

Approximately 75% of the production is pink sap.
phire, 15% is ruby, 5% is mixed blue and red-to-pink
corundum, and 5% is blue sapphire. Because it is
commonly semitransparent, most of the material is
fashioned into cabochons. Only about 3% of the
corundum is facetable, but some very fine stones have
been cut. The best-quality rubies are comparable in
face-up appearance to the best found elsewhere. The
largest crystal seen by the senior author weighed 174
et (see figure 37 in Bowersox and Chamberlin, 1995,
semitransparent rough typically ranges up t0 1.5 to
3.0 em. Good-quality rubies have been faceted up to
32 ct, but top-quality material 5
Well-crystallized material is ofte
sold as mineral specim

rely exceeds 5
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Figure 7. In 1996, the miners started new trenches
on the western end of the Jegdalek deposit. These
trenches follow the veins in an east-to-west direc
tion. Photo by Gary Bowersox

Most of the gem material is sold in Peshawar,
Pakistan, and from there is sent to Karachi and
New Delhi. Approximately 5% of the lower-grade
zoods are taken directly to India via Kabul and
Dubai. This route is expected to increase in impor-
tance as more material is available. The finest-qual
ity material typically goes directly to Europe from
Afghan suppliers,

The miners have numerous independent distri
bution channels, so it is difficult to determine the
quantity produced. The senior author estimates that
about US$500,000 worth of gem corundum is
mined annually from the Jegdalek deposit. While in
Peshawar in 1999, the senior author viewed over
100,000 carats of rough rubies and sapphires, report
edly from Jegdalek, with an estimated wholesale
value of nearly $1 million. The length of time over
which this material was mined is unknows

MATERIALS AND METHODS

All of the samples studied were collected by the
senior author in Afghanistan, directly from the
miners at the deposit, and thercfore have not been
heat treated. (This was confirmed by detailed
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microscopic examination.) The polished samples
11 faceted stones and 26 cabochons, ranging from
0.51 t0 1650 ct) were cut from this material under
the senior author's supervision. Also included in

‘This collection represented the full range of colors
(tone and saturation, as well as hue] that the senior
author has observed in ruby and sapphire from
Jegdalek. On the basis of color, we defined three
eneral groups fine ~color sapphire (9], blue sap-
phie 1, and oy
s gemological instruments to

second the elsactive indices, Birehingonce, optie
character, pleochroism, optical absorption spectra
{desk-maodel spectroscope), and reaction to long-
and short-wave ultraviolet radiation (365 nm and
254 nm, respectively] on the 37 fashioned samples;
specific gravity was determined hydrostatically
The internal features of all samples were studicd
with a binocular microscope and fiber-optic and
other lighting technigues

e used a Perkin Elmer Lambda 19 spectropho
tometer, with a heam condenser and polarizing fil
ters, for polarized spectroscopy in the UV-visible
through near-infrared region (between
nm) on 11 samples. Infrared spectra we
on 10 of the higher-quality fashioned samples with
a Pyc-Unicam Fourier-transform [FTIR] 9624 spec-
trometer in the region hetween 400 and 6000 cm ' a
diffuse reflectance unit was used for sample mea-
surement. Energy-dispersive X-ray fluorescence
(EDXRF| chemical analyses were performed on all
37 fashioned samples using a Spectrace TN5000
system, with a proprictary program specially devel
oped for the Giibelin Gem Lab by Prof. W. B. Stem
for the semi-quantitative analysis of corundum,
This software uses chemically pure element stan
dards and three sets of operating conditions that
focus on light, medium, and heavy clements, so
that the measurements of trace clements can be
interpreted to three decimal places; a beam con-
denser was used to measure small areas or zones of
a stone. More extensive trace-clement data were
obtained for a medium-red ruby by means of induc-
svely coupld plasmstomic emitsion speczome
try (ICP-AES) at the U.S. Geological Survey in
Deaves, Coloado, The analysis was done by P. H.
Briggs using a Thermo Jarrell Ash Model 1160
instrument, with an argon plasma generated at
1,250 W; 200 mg of sample was dissolved by the
hydrogen peroxide sinter method.

Afghan Ruby and Sapphire

Figure 8. Marble fro
sheles forthe miners wherg
Working condit
nes in Afgha

istan, as vm -
Photo by Gary Bowerso

To analyze the interal growth structures of all
the semitransparent to transparent polished stones,
one of the authors (CS) used a horizontal micro
scope, a specially designed stone holder, and a

al specimens, such as this

9. Fine m
ble

i, are occasionally

.‘,l proximately 1 cm i
3 of William Larson; hoto by 1
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Figure 10. Two crystal habits are most typical

in the rubies and sapphires from fegdalek. The

primary eystal fors s dominated by dipyramidalz
2231 faces, with subordinate basal pinacoid ¢

0001) anct postive shomsbohednal (1071 face,

This crystal orm vas also modifid by subordinate

to intermediate dipyramidal n (2233) face

mini-goniometer attached to one of the aculars on
the microscope, employing the methods described
by Schmetzer (1986a and b, Kicfert and Schmetzer
(1991), and Smith (1996). For the identification of
most mineral inclusions, we used a Renishaw 2000
laser Raman microspectrometer, with an argon

Figure 12. Cabochons of

ruby and pink to pinkish

violet sapphire from

dalek are cut in a range

of colors, including some

bicolored stones, These
™

n 6

formed a portion of those

examined for this study

The cabochons nthe e
et show

1 “pure” red color of
obdtek vabies Photos by
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Figure 11. These three ruby specimens show the
appearance of corundum crystals from fegdalek
The two smaller crystals are typical, whereas the
longer crystal in the middle has relatively large
pyramidal faces. Two sets of twinning lines par
allel tot {1011] are also visible in the largest
cystal, which measures 2.0 cm long. Photo by
Maha DeMaggio.

laser source (514.5 nm), in the spectral range
between 100 and 2000 em'; other mineral inclu-
sions were identified by X-ray diffraction analysis.

RESULTS

Crystal Morphology. Corundum from Jegdalek is typ-
ically subhedral, although some attractive cuhedral
crystals are found (figure 9 sce also the cover of the
Summer 1998 issue of Gems & Gemology]. The
smaller erystals (<2 ct) tend to be better formed, with
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distinet crystal faces and sharp edges, whereas the
external erystal forms of the larger crystals tend to be
more heavily modified. Typically, there is lttle or no
evidence of natural ctching on the crystal faces. Two
primary forms dominate the morphology of the
Jegdalek corundum (figure 10; see also figure 11).
Both consist of dipyramidal crystal habits composed
of larger, dominant hexagonal dipyramidal z (2241)
faces and smaller, subordinate basal pinacoid ¢ (0001]
and positive thombohedral 1 (1011 faces. In the sce
ond primary form, the basic crystal habit ¢, 1, z is
modified by hexagonal dipyramidal n | 3) faces.
Much less frequently, we encountered ci al forms.
with dominant hexagonal dipyramidal w (14 14 28 3)
faces and subordinate ¢, r, and occasionally n faces.

semological Characteristies. Visual Appearance.
The fancy-color sapphire samples commonly
showed hoth blue and red/pink calor zones, so the
overall appearance ranged from bluish viole
through violet and purplé, to reddish purple fsed
e, figure 12). We examined only one sample of a
“pure” blue sapphire (mounted in the ring shown in
figure 1), which is consistent with the very small
amount of cuttable blue sapphire scen at the mines.
The rubies ranged from “pure” red to purplish red
[i

(see, ¢z, figures 12 and 13); some also had
blue zones (see Growth Characteristics below).
Most of the fancy-color sapphires and rubies were
medium to dark in tone, with variable wea
strong saturation. For the most part, the faceted
stones were semitransparent to transparent, and the
cabochons were semitransparent to translucent,
Several of the samples also had tanslucent whitish
arcas, which microscopic examination indicated
were remnants of the marble host rock (figure 14).

Physical I’mywmu Tm standard gemological prop-
erties (table istent with corundum in
soncral fsce e Liddicont, 1985, Webster, 1994 and
with the rubies and fancy-color sapphircs from
Jegdalek described previously [e.g, Hughes, 1994),

Afghan Ruby and Sapphire

Figure 13. These faceted

’
weigh 0.68-1.2:
Photo by Jeff Scov

Reaction to Ultraviolet Radiation. A range o fluo.
reseence responses was noted according to the dif
ferent colors. The fancy-color sapphires typically
revealed a faint o medium red or orange-red fluo
rescence to long-wave UV. The distribution of the
fluorescence was homogencous in some samples
and uneven in others. In addition, a few samples
revealed zones of orange fluorescen halky
blue fluorescence also was noted in arcas of those
samples that still had some of the marble matrix
Similar but weaker reactions were observed with
short-wave UV a few of the stones were inert. The
blue sapphire sample was inert to both long- and
short-wave UV,

The rubies typically fluoresced an cvenly dis.
tributed medium to strong red to long-wave UV
and faint to medium red to short-wave UV. The few

shucent white n

quently encountered at the

ished (u"m./.mh in this st

lcite, sometimes with ap
micrograph by Christopher P,
Smith; magnified 25
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‘TABLE 1. Gemological characteristcs of the rubies and
sapphires from Jegdalek, Afghanistan.

samples with distinet bluc color zones showed no
Juorescence in those zones. Again, a chalky blue
s noted with both long- and short-

Popety  Rubles Fanoy-color Bue
o soppries 27)  sapphira (1)
Golr Redlo Ragesfombuish B
pupished vl hrough vkt
e, o
e pupe
ity Vryclano vy nlode
(i gugs) oty ot oy
Fefcctve - 1760-1762
indo 1751770
gous) 176177 )
Bsingerce
(ol gops) e
Spcic gy a97-3%
@gows) i age

cotainedcabonae npures

Peodoism
Paalello  eddisn Mosty granish b, Granish
Decais  ongelo arblush il 1o bieo

orngy red puple e
pondi-  Redpuple Nosty ikt to Vit
ciarlote  lopuplsh puple, o purpe-ed
s ed o onngy ed

Metiomosiong  Fanttomedumed et

ed bluezones o oange-1ed

aeiner) (orarge 2omes)

Farttomedun  atloveyfanred  ent

red(duezores  (sorarge zoes)

weina)

Nomerouspartaly heald and ponheled facure plaes

o s, e .0, iy
O flke-ke an tige nclusionpaltems, brush <t

wave UV in those samples that contained remnants
of the marble maix.

Specific Gravity. In general, the specific gravity of
relatively constant, between
3.98 and 4.01. Twenty-cight of the fashioned sam-
ples had S.G. values near this range, between 3.97
and 3.99. The remaining nine samples had lower
S.G. values, which were due to the preser
bonate, cither as mineral inclusions or as large areas
of marble matrix that were not fully removed dur-
ing cutting. Seven of these samples
between 391 and 3.96, whereas the two samples
with the largest masses of marble matrix had $.G.s
of 3.86 and 373

s

Growth Characteristies. Twinning. Most of the
faney-color sapphire and ruby samples revealed
numerous lamellar twin planes parallel to two or
three directions of the positive thombohedron r
(10T1); these are partially responsible for the low
transparency. The better-quality samples typically
had only one dominant system of twin planes paral-
lel to 1, whereas others also had a minor secondary
system. The blue sapphire was not twinned.

Internal Growth Structures. Because of the high
degree of twinning—and, in many cases, large num-
ber of inclusions—we could not uh»uv;, internal
growth structures in any of the translucent and most
of the semitransparent samples studied. In a few of
les, and all the transparent

clougs, ek 0 mogeale 0wt ttues, egalvecysls

ey gl s s o ot e,
tallne nlusions of: mica, apalfe,cals,icon,

e o e

the
stones, we did note weak to moderate growth struc
tres: straight and angular sequences of the dipyrami-
dal erystal faces z (2231] or n (228 and the positive
£(1011), as illustrated in figure 15.

avsopton 468 1 (hap,natrow)
specum 475 0 (shap,wesk o modecale)

76, i10v)
525-565 o (0100 b, wdthdegendent on Cr contert)

o751yt o fro—-
652 m (shap, rarion)
694t o)

e p——

% v UV, du fa e
o of et .
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Color Zoning. We saw weak o distinet color zoning
in many of our samples. The fancy-color sapphires
typically had both blue and red/pink color zones. In
this group, the two colors tended to blend, produc-
ing a rather even face-up coloration. In two of these
imples, however, we noted narrow dark blue bands
parallel to the positive rhombohedron £ (figure 16).
The blue sapphire was homogencous in color.

Most of the sobin oee ooz i o
However, a few stones revealed adjacent ind pink
S which Il Ui Teshal gsoth s
Several of the samples in this group also displayed
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d angular

Weak to moderate planar a
sequences of internal growth struct
noted in a few of the rubies from Jegdalek. These
yplcaly contisted of combinotont of the dipy
ombeheon

Figure 13

s z or n, as well as the posit
1 thi sasigle, e 168 4 o
growth planes. Photos

b immersion, magnif

zones of dark to medium blue, which stood in stark
contrstto the sumounding rby (g 17, Forthe
most part, th ct blue zones tended to occur
gl g e pmum thombohedron 1, although
they were also noted following the growth banding
parale 0 the dipyramidal plans n and  figare 18]
In general, these blue color zones tended to form
narrow bands, although they also were observed as
larger areas. Occasionally we noted distinct geo-

Figure 17. Stro olor zones were observed
in many of the Jeg
flake-like inclusions associated with the blne
vl Bhotenicisagh

in this 1.19 ct sa
ristopher P. Smit

Bigure 16, Shoply deind bl lomel o ol
um sample

vula; magnific

potomicrogsaph by Jo

metric formations, which resulted from the blue
a sequence of dipyramidal and

rhombohedral growth planes.
Inclusions. Dense concentrations of partially healed
and nonhealed fracture plancs, in addition to numer.
ous twin planes, were responsible for the reduced
transparency of many of the samples in this study
Miany of the paeally heale racnue lanes eveslod
a distinctly “frosted” texture (figure 19), and a few
had an orange to-brown epigenctic staining.
A varicty of mineral inclusions were noted,

Figure 18. Typically the blue color zones corre.
sponded to growth in certain crystallographic ori
ental <hat s aong the®, and s oce. The

rge blue color
positive rh d
rowth planes. Photomicro
Smith; immersion, magnified

o dipyramidal

ol by Christopher P.

Dipyramid
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Figure 19. Most of the rubics and fancy-color
sapphires i this study had a high concentration
of partially healed fracture planes. One consis
tent feature of these planes was the distinctly
frosted” text rograph by
Christopher P. Smith; magnified 50x

Phot

transparent colorless to transhucent white crystals
of calcite were the most common (figure 20). Also
present in some stones were transparent to translu
cent colorless erystals of apatite; most of these were
rounded (figure 21), although some had a more pris
matic habit. Some small transparent colorless
rounded crystals proved to be zircon. Transparent
colorless and translucent white masses at the sur.
face of several polished samples were identified as
calcite, apatite, margarite, or a combination of these:

of calcite were identified in a number of the.
rubies and fancy-color sapphires from Jegdalek. In
this ruby, the calcite formed a cluster of inclu
sions in a nearly parallel formation. Photomicro
sraph by Christopher P. Smith; magnified 60x.

Ruby and Sapphirc

three [again, see figure 14]. Analytical testing was
required to make these distinctions,

Tron sulfide minerals, such as pyrite, marcasite,
and pyrrhotite, were present along fracture and twin
planes (figure 22, although they were also seen
rarcly as isolated grains or masses (figure 23]
Graphite frequently was observed as solitary geo
metric platelets, as well as clustered in groups. In
addition, tiny graphite scales were noted in many of
the mlti-phase negative crystals that composed the
healed fracture planes (figure 24), Transparent brown
platelets of mica were occasionally noted in close
association with calcite crystals. Very dark orange to
black crystals of rutile could be seen isolated or in
close proximity to apatite crystals (again, see figure
21). Rarely, very fine iridescent needles of rutile were
concentrated in patches (figure 25). One intriguing
inclusion was a colorless prismatic crystal, which
could not be conclusively identified.

Among the more interesting inte
seen in some of the samples were a variety of flake
like inclusions and stringers that were very fine in
some instances and rather coarse in others (figure
26). Similar types of inclusions had a more “brush:
stroke” or “nebulous” patterning (figure 27).
Observed in only a small number of samples was a
very fine-grained bluish white zonal cloud that fol.
lowed the development of the internal growth
structures (figure 28).

Irregular “veins” of AIO[OH] (typically
bochmite—see “Infrared Spectroscopy” below) were

nal features

Figure 21. Colorless, rounded, high-relief crys
tals of apatite and stubby, dark orange to black
crystals of rutile were common inclusions in the
Jegdalek corundum. Photomicrograph by John 1
Koivula; magnified 20x
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also noted traversing several of the polished gems. In
reflected light, the reduced luster of these veins, as
compared to the higher luster of the host corundum
(figure 29), could be mistaken for the glass-like fill-
ings observed in heat-treated rubies. Such inclusions
arc the result of an alteration process, where a retro-
grade metamorphic reaction alters the corundum, in
the presenc ater, to an aluminum hydroxide
(Haas, 1972]. Thesc alteration products also formed
needlelike inclusions that coated the surface of
“intersection tubules” created at the junction of two
twin planes and were seen lining the twin planes,

Figure 24, Tiny graphite platelets we
Iy found
Photomicrograph by Christopher P. Smith; mag
nified 80x.

within isomorphic negative crystals

Afghan Ruby and Sapphire

Figure 22. One distinctive inclusion
feature in the rubies and fancy-
color sapphires from fegdalek con
sists of iron sulfide minerals such
as pyrite, marcasite, and pyrrhotite
that were present along healed frac
ture planes (left; magnified 20%)
and parting planes (right; m

fied 15x). Photomicrographs by
Christopher P. Smith.

Figure 23. Pyrite formed irregular
brassy masses in one of the sap-

phire samples (left); a surface-reach

ing grain of iron sulfide was also
present n o ruby sumple i)
Photomictographs by John 1.
Koivula; both magnified

UV-Vis-NIR Speetroscopy. With a desk-model or
handheld spectroscope, the following features were
noted in the visible region for the fancy-color sap-
phites and ubis:genral absrption up to s
mately 450 nm, a broad band a nm, 2

har lince at 468, 475, 476, 692, and 694 nmy e
lines were sometimes seen at 659, 668, and 675 nm
{table 1]. The UV-Vis-NIR polarized absorption

Figure 25. Rutile needles are not typical in
rubies from fegdalek. although very fine, short
rutile needles were observed in two samples,
Their appearance was markedly different from
the long, iridescent rutile needles typically
found in rubies from marble-type deposits, such
as at Mogok, Myanmar. Photomicrograph by
Chistopher P. Smith; magnified 30x.
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ute 26, One of the more characteristic features of
e consists of flake-like inclusion
ingers that were finely textured in
s ar inclu
2 features may be found in rubies from Vietnam
E anmar). Photomicrograph by

hs magnified 35%.

coarser in others. i

spectra were dominated by Cr'* absorption features
that were weaker in those stones that were more
purple to violet, and more intense in those that
were purer red. A secondary absorption influence
was seen as a result of the intervalence
charge transfer responsible for the blue color com
ponent in the violet stones. These features are char-
acteristic of all natural and synthetic ruby and pink
sapphire, regardlcss of origin.

FelosTit

Figure 28, Bluish white clouds followed the

mberof

I

om Vietnam and
pher P.

been obser
istan. Photomicrograp!
nagnified 25x

Smith,
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Figure 27, Other distinctive inclusion patterns
showed a brush-stroke or more nebulous appear
ance. Photomicrograph by Christopher P. Stmith
magnificd 3

Infrared Spectroscopy. In addition to the dominant
absorption characteristics of corundum between
approximately 400 and 1000 cm ' (peak positions at
about 760, 642, 602, and 450 em ; Wefers and Bell,
1972), the rubies and fancy-color sapphires in this
study (none of which were heat treated) revealed a
serics of absorption bands in the 1900-4000 cm

region. The two most dominant bands were located at
approximately 3320 em ' and 3085 cm, with an addi
tional pair of weaker bands at approximately 2100 and

Figure 29, The reduced luster of a seam or vein of

ted condition of
by Christopher P.
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1980 em (figure 30). TH bands are relat-

TABLE 2. Semiquenttativ chamicel ansvses by
EDXRF for rubles and fancy-color sapphires from
Jegdalek, Afghanistan.

ed to OFEstretching frequencies and indicate the pres-
ence of the mineral bochmite (Farmer, 1974; Wefers
and Misra, 1987). Several of the samples displayed
such strong AIOJOH] absorption features that it was
not possible to determine which aluminum hydrox-
ide was present (i, bochmite or diaspor). However,
not all samples had the AIO{OH]-related bands.
Absorption bands associated with mica and calcite
were also recorded occasionally.

Chemical Composition. The most significant trace-
clement variations recorded were in chromium con-
centration (table 2}, in both the fancy-color sapphires
and rubies, Cr concentration correlated dircetly to
depth of red to pink color in the arca measured. The
other color-causing transition metals, titanium and
iron, were the next most significant trace elements
recorded, followed by measurable amounts of vana
diom and gallium. The presence of addional trace
clements (i.c., calcium, zirconium, potassium, man
sanesc, and zine) was related to inclsions a or sk
below the surface of the area analyz

Chemmical luctuarions berweon eonsceutive peri-
ods of erystal growth, as well as a preferential crys-
tallographie orientation of the color-causing mecha
nisms of Cr'" (ruby) or Fe*'Ti* (blue sapphire),

Figure 30. Many of the rubies and fancy-color sap-
phites from fesdalek revealed infrared absorption
bands at 3320 and 3085 cm” and weaker peaks at
2100 and 1980 cm”. These indicate the presence of
bochmite, which was seen in veins or lining part-
ing planes. Such absorption characteristics are
helpful not only in identifying foreign mineral
phases that may be present, but also for indicating
that the gem has not been heat treated.

Ruby IR Spectrum

ABSORBANCE —~

WAVENUMBER (cm)

Afghan Ruby and Sapphire

Fancy-color

Oxice Fubies
- i sapphires (20

Bue
sapphie (1)

29-995
o, 0250-171
o, 0002-0078

20, 00160174
o, 0013-0082
60, 0003-0031

ool oier sl ”L\'«’Y)Q’,im'

are responsible for the color zoning observed in the
sampl

DISCUSSION
A few previous studies have documented some of
the gemological characteristics of corundum [pri-
marily rubics) from this deposit (Bowersox, 1985,
1995, Hughes, 1994, 1997). In general, our results
are consistent with those of other studies, although
certain mineral inclusions described by Hughes
{1994, 1997) were not encountered during this
study. These include macro. Is of gamet,
chondrodit spinl, horblende,and dolonie

Since this study included only one blue sapphire
and the majority of the faney-color sapphire sam-
ples were lower quality, it will not be possible to do
a competent comparison to similar-colored sap-
phires from other marble-type sources. Thercfore,
the bulk of this discussion will comparc Jegdalek
rubies with those from other deposits

Ifane uss he combination ofincluson pttems
(e:5, clouds, “flakes” [actually, groups of pinpoints),
and singers, speifc mineral melusions, inermal
growth structures, and chemical composition, it
should not be a problem to separate Afghan rubics
from those of basaltic deposits [c.g, Thailand, Laos,
Cambodia, and Australia), or metasomatic deposits
(e.8, Madagascar, Tanzania, and Kenya). In gencral,
Afghan rubics and funcy-color sapphies ae sl
to those from other marble-type sources (e.g.
Southcast Asia and Afrca, as wel 2s Dakisian
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Taiikistan). However, the speific inclusion features
andinternal growth structures of the Afghan rbies
mble those found at only a few of these
deposhs; Nepal, Mong T (Myanrmar), nerdhorn
Vietnam, and, to a lesser degree, Tajikistan.
Therefore, we shall limit the discussion of source
distinetion to comparison with ruby deposits in
Nepal, Mong Hsu, and northern Vietnam. Note that
the intemal features that separate Jegdalek rubics
from those of other localities will also clearly sepa-
rate them from most synthetic corundum.

Jepal. There are several similarities hetween
Afghan rubics and those from Nepal (sce Harding
and Scarratt, 1986; Kiefert and Schmetzer, 1986,
1987; Bank ct al., 1988; Smith ct al., 1997), and thei
scparation may not be possible in all cases. For
cxample, rubies from both localitics may contain
large rutile crystals and zones of short, very f
e needles (see figure 25); transparent mmrl

stals of calcite and margarite; and AIO[OH] [hoth
Ah.’hpnu and bochmite]. However, there are some
noteworthy distinctions. On the one hand, the
cuhedral, hexagonal, and rod-shaped crystals of
it Mot s i o Neodl e il
encountered in the rubics from Jegdalek. On the
other,the rounded colorlcss cystals o zrcon In the
Jegdalek samples have not been reported in
Nepalese ruby. Similarly, while rubics from both
localities contain partially healed fracture planes,
only in the Afghan stones was a “frosted” texture
noted on these plancs.

‘The iron-sulfide inclusions and bluish white
zonal clouds seen in some Afghan rubies [see figures
23 and 28, respeetively) were not present in the
Nepal samples. In contrast, uvite tourmaline, anor-
thite feldspar, and a black mincral grain surrounded
by minute rutile needles documented in Nepal sam-
ples were not seen in the Afghan samples.
Geometric platclets of graphite were noted in many
of the Jugdalek samples, as were graphite scales in
negative erystals [sec figure 24). In the Nepal rubies,
graphite was present only as coarse grains, often
within larger mineral inclusions. The various flake-
like and other inclusion patterns of the Jegdalek
rubies were not observed in the Nepal rubies, where-
as the antenna-like inclusion p: o prevalent
in Nepal rubies were not scen in the Jegdalek stones.

Although the internal growth structures and
color zoning of corundum from both sources are
almost identical, the wedge-shaped or wispy blue
color zones in the Nepal stones are unigue.

g
=
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Mong Hsu. Rubi
Surdez, 1994;
Jegdalck may s
investigation should reveal distinet differences.
First, to remove the dark violtish blue color zone
in the core of Mong Hsu rubies « majority
are heattreted, Thrclors, an unheated by proba-
bly is not from Mong.

Maorovsize mineral Inclusions, although rela-
tively common in the Jegdalek samples, are cncoun-
tered infequently in Mong Hsu rubics. Minerals
identified as inclusions in Mong Hsu rubies o date
e Seyatis of dolowive, apatlee, diasbre,
rutile, fluorite, and spinl.

“Cross-hatch,” flake-like, and stringer forma
tions are characteristic of rubics from Mong Hsu.
Although the flake like and stringer formations in
rubis from gl s, figure 26 may appcar
similar, closer scrutiny wa vwgal the unique tex-
ture, concentration, and crystallographic association
of these inclusions in the Mong Hsu ru

‘The differences in internal growth structures are
conclusive. In Mong Hsu rubies, the prominent

1, 1, © growth sequence, combined with the ¢, 1
core zone formation, contrasts sharply with the
mostly subtle 2, n, and r structures present in the
Jegdalek sampls

from Mong Hsu (Smith and
1995; Peretti ct

ek st s i sl i
between rubies from northem Vietnam (Kane et al,,
1991, Smith, 1996] and Afghaistan, and thr s
ration may prove impossible in some cases. Rubies
from hoth sources are known to contain macro-sized
crystals of rutile, as well as zones of short, very fine
rutile needles. However, long, iridescent rutile nee
dles have not been recorded in Jegdalek rubics.
Transparent colorless erystals of caleite, apatite, and
zircon, as well as the gencral presence of AIOJOH)
both diaspore and bochmite], in addition to the very
fine-grained bluish white clouds, also do not offer
much insight into the probable souree. However, the
rod-shaped erystals of calcite identified in rubies
from northern Vietnam were not encountered in the
Jegdalek rubies. Conversely, neither the “frosted”
texture noted in the healed fracture planes of the
Aighan stones [see figure 19], nor the iron-sulfide
inclusions that linc fracturc or parting plancs (sce fig-
ure 22, have been seen in Vietnamese rubies,
Pyrrhotite oceurs as black rods in Vietnamese
rubics, and the epigenetic inclusion nordstrandite
may be present. However, Vi rubics have
not been seen to contain the geometric platelets of
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1 and manvfactured
s bt i o

by Gy

graphite noted in many of the Jegdalek samples, nor
the

te scales present in the negats

Although there are many similaritics in the flake
like and other inclusion pattems of the rubies from
both sources, the flake-like inclusions in many
Jegdalek samples have a coarser texture. The intemal
srowth structures and color zoning also may be simi
lar, although rubies from northern Vietnam frequent
ly show prominent growth structure sequences
which we have not observed in the Afghan samples.
In addition, Vietnamese rubies reveal a much wider
range of dipyramidal crystal habits, including addi
tional crystal faces of the dipyramids v and @ and the
negative thombohedron d.

rystals.

Trace Elements. The concentrations of V, Ti, F
and Ga may provide some evidence for locality
determination, although the specific distinctions
are very subtle and beyond the scope of this article

Infrared Spectra. Certain trends were evident when
absorption feaures elted co AIOIOK) nclusions

¢ present. Bochmite-related features were seen
more frequently in rubics from Jegdalek, Nepal, and

Afghan Ruby and Sapphire

Vietnam, whereas rubies from Mong Hsu more typi
cally revealed absorption bands related to diaspore
However, when dominant IR absorption bands
between approximately 2600 and 3500 cm are quite
strong, a clear distinction between diaspore and
boehmite is not always possible. The presence of
AIO[OH) in the spectrum also may provide welcome
proof that a
good indication of whether it is natural o synthetic

ruby is not heat treated, as well as a very

CONCLUSION
Over the past century, the Jegdalek deposit in cast
central Afghanistan has supplicd large quantities of
cabochon-grade ruby (figure 31), and pink sapphire to
the gem trade. Some very fine stones from this local-
ity have also been cut. The semitransparent to
translucent nature of the material is due to dense

‘monly observed internal features are partially healed
and nonhealed fracture planes, lamellar twin planes
parallel to 1, color zoning (i.¢., red/pink and blue
areas), and mineral inclusions of calcite, apatite, zir
on, mica, iron sulfides, graphite, rutile, and alu
minum hydroxide. Rubies from Jegdalek usually can
be separated from those of other localities by evalu-
ating a combination of the inclusion patterns, min-
exal inclusions, and intemal growth structures.

Although the Jegdalek deposit has the potential
for year-round production of rubies and fancy-color
sapphires that are suitable for finc jewelry, explo.
ration and mining have been hindered by the politi
cal environment in Afghanistan. Although local
tribal leaders are interested in using modern tech-
nology and equipment to increase production, they
must wait until a stable and favorable government
is formed in Kabu
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