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ABSTRACT

During the 2007 excavation season at the Byzan-
tine city of Amorium located in central west Turkey, a
burial place in the atrium of the lower city basilica
was examined.  It was noted by the archaeologists that
the skeletal material of one of the occupants had devel-
oped tiny crystals on the surface. A small piece of the
skull with the crystals present and some loose bone
fragments were collected and submitted to the
McCrone Research Institute for analysis.  Initial ob-
servations were made using a stereomicroscope.  Single
crystals were examined using the polarized light mi-
croscope (PLM).  Based on initial observations of the
optical properties of these crystals, various micro-
chemical tests were conducted.  These crystals were
found to contain calcium and phosphates.  To deter-
mine the precise identity of the material, a single crys-
tal was mounted on a spindle stage.  By rotating the
crystal around two axes we were able to determine
the optic axial angle as orientations and magnitudes
of the alpha, beta and gamma refractive indices.

INTRODUCTION

Amorium is a medieval city of the Byzantine Em-
pire located in central western Turkey about 8 hours
by bus from Istanbul.  Some sources believe that it
was once the largest and most important city in
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Anatolia (most of modern Turkey).  It has been a city
since the at least the 1st century B.C.   The excavation
project began in 1988 and is directed towards reveal-
ing the nature of post classical Amorium, i.e. – this city
bridges a gap between the mid 7th and late 11th centu-
ries – a poorly documented period in history.  This is
the time between the Christian Anatolia dark ages and
the middle Byzantine period.  Additional information
about the excavation is available from the Amorium
Excavation Project (1).

A small piece of skull with adhering crystals and
some loose bone fragments were collected from area
AM07, A21, Tomb 21 during the 2007 excavation sea-
son at the at the Amorium excavation site and sub-
mitted to the McCrone Research Institute for analysis
(Figure 1,2).  Stereomicroscopy was used to assess the
sample and the PLM was used in conjunction with
other microtechniques to determine the identity of the
crystals.

MATERIALS & METHODS

Microscopy
Preliminary observations were made using a ste-

reomicroscope.  The sample contained a mass of large
crystals which were off white in color (Figure 3).

Using a tungsten needle, a small sub-sample was
mounted in n=1.66 refractive index liquid for analysis
by PLM.  The crystals were euhedral, tabular, color-
less, anisotropic, biaxial and displayed oblique extinc-
tion (Figure 4, 5).   It should be noted that the extinction
of these crystals appears nearly symmetrical due to
the fact that the interfacial angle is 45° and the extinc-
tion angle is 18° (Figure 6).  Conoscopy was used to
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determine the orientation of the beta (â) refractive in-
dex and the Becke line immersion method was used to
measure the value of â.  These crystals were also posi-
tively elongated and had a positive optic sign.

Microchemistry
The crystals were found to be insoluble in water

but soluble in dilute HCl, H2SO4 and HNO3.  Using pre-
liminary â refractive index data the identity of the crys-
tals was narrowed down to a small list of possible
substances (2).  Since these crystals were found on bone
we theorized that they would likely contain the main

components of bone; calcium and phosphates.  To fur-
ther narrow down the possibilities various micro-
chemical tests were performed to test for the presence
of specific elements and polyatomic ions.  Both posi-
tive and negative control samples were also tested
along with our test substance.  Control samples are a
necessity in microchemistry due to the small nature of
samples and sensitivity of techniques.

A microchemical test for calcium was performed
by taking a small amount of sample, acidifying it with
1:1 HCl and evaporating the solution to dryness.  A 5%
solution of H2SO4 was then added.  The formation of

Figure 1: Left, excavated burial place in the atrium of the
lower city basilica.

Figure 2: Right, close up showing area where samples were
taken.

Figure 3: Large cluster of crystals from bulk sample. Figure 4: Brushite crystal from Amorium sample mounted in
n=1.66 refractive index liquid, plane polarized light.



127

Figure 5: Brushite crystal from Amorium sample mounted in
n=1.66 refractive index liquid, crossed polars with 530nm
compensator, crystal is positively elongated.

Figure 6: Orthographic projection of monoclinic brushite crystals (pinacoids 010, 100, 001).

long, slender colorless needles of CaSO4 . 2H20 con-
firmed the presence of calcium as seen in Figure 7.

A microchemical test for phosphates was also per-
formed.  A small portion of the sample was acidified in
dilute HNO3.  A small drop of ammonium molybdate
was prepared by acidifying it with HNO3.  These two
drops were drawn together using a glass rod.  The
formation of yellow “lemon drop” shaped crystals of
ammonium phospho-molybdate confirmed the pres-
ence of phosphates in the sample as seen in Figure 8.

Spindle Stage
A detent spindle stage (Figure 9) was used to de-

termine the optic axial angle (2V) as well as the alpha
(á), beta (â) and gamma (ã) refractive index orienta-
tions.  To obtain crystallographic data using the spindle
stage, a single crystal was mounted on the end of a
needle using nail polish as an adhesive.  This needle
was then fitted into the shaft of the spindle stage.  Af-
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ter preparing the sample the spindle stage was then
mounted on the stage of the PLM.  The stage of the
microscope was set to 0° and the spindle stage was
attached to the microscope stage with the spindle axis
in the E-W orientation.  The spindle axis was set to 0°
and a small fluid cell containing refractive index liq-
uid was carefully slid into position so that the crystal
was surrounded by refractive index liquid as shown
in Figure 9. The first measurement was then taken by

rotating the PLM stage until the crystal became ex-
tinct; this angle was recorded.  The PLM stage was
then returned to the 0° position.  The spindle axis was
rotated to 10°, and the extinction data collected.  This
was repeated for spindle axis positions from 20° to
180° in 10° increments.  More detailed accounts of
spindle stage use have been published by Bloss (3) and
Gunter (4).  The data obtained from the spindle stage
were then entered into EXCALIBRW, a free software

Figure 7: Results of a microchemical test for calcium.  Sample
was acidified with 1:1 HCl, then allowed to evaporate to
dryness.  A 5% solution of H2SO4 was then added – the
formation of long slender colorless needles of
CaSO4 . 2H20 confirmed the presence of calcium.

Figure 8: Results of a microchemical test for phosphates.
Sample was acidified in dilute HNO3.  A small drop of
ammonium molybdate which had been prepared in HNO3 was
drawn to the acidified sample.  The formation of yellow
“lemon drop” shaped crystals of ammonium phospho-
molybdate confirmed the presence of phosphates.

Figure 9: Detent spindle stage attached to Nikon Optiphot-
Pol; fluid cell also shown.
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Figure 10: Data obtained from EXCALIBRW
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program which calculates the coordinates of the acute
bisectrix (AB), obtuse bisectrix (OB), optic normal (ON)
and 2V (Figure 10).  An orthographic projection of
brushite is shown in Figure 6.  The spindle and micro-
scope stage can then be aligned as determined by
EXCALIBRW in order to orient the crystal for refrac-
tive index measurements.  The fluid cell refractive in-
dex liquid can be easily changed and the Becke line test
performed for accurate refractive index determina-
tions.

RESULTS AND DISCUSSION

Optical and crystallographic data were obtained
by using the spindle stage to determine optical orien-
tation and the Becke line technique to determine re-
fractive index. The refractive indices of these biaxial
crystals were á=1.539, â=1.548, ã=1.551 and 2V=87°.
By careful application of the right microtechniques and
appropriate reference texts (2, 5, 6) the sample collected
at the Amorium site was identified as the mineral
brushite CaH(PO4).2H2O (2).  In 2002, graves of similar
construction were also excavated in the narthex of the
church.  Remains found in these graves also exhibited
this crystal formation on the bone surface.  There have
been other documented occurrences of brushite found
on bone (6, 7).

CONCLUSIONS

The crystals formed on the skeletal remains were
the mineral, brushite.  This mineral can be formed by
the breakdown of CaPO4 and CaCO3 in the presence of
water.  Other standard reference samples of brushite
did not contain crystals as large or well formed as those
recovered from Amorium but refractive index mea-
surements and microchemical analysis were consis-

tent.  This supports the conclusion that the burial place
at Amorium exhibited ideal conditions for this type of
mineral growth and was likely undisturbed for a long
period of time.
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