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Abstract. Powder XRD approaches are applied for proving of moganite in an agate from Lozevo village (Shumen
region). Moganite associates with silica minerals — quartz (quartzine and chalcedony), opal-CT and opal-A, all being
characteristic for agates. Quartz and moganite display similar structures and thus the powder XRD pattern of moganite
significantly overlaps with that of quartz and distinguishing of moganite is difficult. However, some of its diffrac-
tion peaks are well observed — with inter-planner spacings (d) 4.43 A, 3.388 A, 3.116 A. The presence of moganite
is proved in the agate of study in all its zones. The applied XRD quantification by use of full-pattern Rietveld-based
refinement showed moganite quantities from 21 to 31 wt% in the quartzine layers of the agate, 18.57 wt% in the chal-
cedony zone, and only 1.72 wt% in the quartz shell. The results of these XRD approaches may serve in reconstruction

of mineral forming in silica environment.
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Introduction

Moganite is a widespread and significant mineral-
indicator. The mineral name moganite was proposed
by Florke et al. (1984) to specify a silica polymorph
earlier described by Florke et al. (1976) under the
working name “silica —G” given for a microcrystal-
line silica sample from the ingnimbrite flows in the
Mogan Formation (Gran Canaria, Spain).

After a period of delay about proving of mogan-
ite as an independent silica polymorph in the SiO,
system, finally in 1999 the International Commis-
sion on New Minerals and Mineral Names approved
moganite as a mineral species (under No 99-035).

Heaney and Post (1992) established the presence
of moganite in a great variety of agates, chalcedo-
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ny and flint samples. They stated that moganite is
in fact lutecite, the formerly used term to describe
length-slow chalcedony. Studies on moganite have
shown that in evaporites its quantity varies from 20
to 75 wt% while in other manifestations this quan-
tity is restricted to 5 to 15 wt% (Heaney, 1995).
Quantities above 25 wt% were not found in flint
rocks except in such related to evaporites. Mogan-
ite already has been found in various rock types —
abysal flint rocks, turbidites, veins in ingnimbrites
and basalts. According to Heaney (1995), mogan-
ite is a metastable phase in the earth’s crust, which
steadily transforms to quartz. The studies of Moxon
and Rios (2004) state that the maximum quantity of
moganite in agates is up to 14 wt% but Heaney and
Post (1992) earlier stated that moganite does not ex-
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ceed 22 wt% in volcanogenic agates and in products
replacing biogenic carbonates and only in evapor-
itic rocks this quantity exceeds 50 wt%.

However, higher quantities of moganite — about
70 wt% are also reported for chalcedony in basalts
in Killari, India (Parthasarathy et al., 2001). It is one
thing that is evident — chalcedony contains mogan-
ite and this is a fact of checking and proving by use
of the contemporary methodological approaches.

For the first time, a report about presence of
moganite in silica samples from Bulgaria was given
by Yanakieva, et al. (2005). Later, more detailed
data about these finds was given by Yanakieva et
al. (2006). Earlier, Kostov and Pojarevski (1988)
proposed possible presence of moganite in silicified
wood in Haskovo region (Bulgaria).

The aim of the present paper is proving of mogan-
ite in silica sample (agate) from the Shumen region,
Bulgaria applying powder XRD qualitative analysis
and Rietveld based quantification approaches. By
use of optical microscopy and powder XRD stud-
ies exact confirmation of the presence of moganite
is searched as well as possibility for quantification
of moganite in mixed silica mineral samples. The
obtained data for the metastable moganite can be
used for interpretation of geological-mineralogical
processes that took place in silica environment.

Materials and methods

The silica samples for study were selected from dif-
ferent parts of an agate specimen by use of macro-
scopic and microscopic observations. Such silica ma-
terials are in the Upper Cretaceous sediments in three
outcrops in the region of Shumen town. These are yel-
lowish flint concretions of up to 60 cm size embedded
in thick white limestones and agate secretions.

The morphology of moganite and other silica
representatives was studied by optical microscopy
in transmitted and reflected light. Polished thin sec-
tions of the samples were used.

The powder X-ray diffraction (XRD) experi-
ments were performed with DRON 3M powder
diffractometer (Fe-filtered Co-K, radiation, scintil-
lation counter), scan mode 3 sec/0.02° in the range
20 from 8 to 80°. Quantification of moganite and
quartz was carried by Rietveld refinement using
the program Fullprof (Rodriguez-Carvajal, Rois-
nel, 1998) with full-pattern analysis option. The ba-
sic approach is to obtain best data, identify all the
phases present and input basic structural data for all
phases, then let the computer model your data until
reaching the best fit to the experimental pattern.

Important are the scale factors, Sr, for each
phase, which directly express the phase quantities:

W, =S.(ZMV)/SS,(ZMV),

where W, — is the relative weight fraction of phase
r in a mixture of ¢ phases; S — is the scale factor de-
rived from Rietveld refinement; Z — is the number
of formula units per unit cell; M — is the mass of
the formula unit (atomic mass units); and V — is the
volume of the unit cell (A%).

Results and discussion

Principally, moganite always associates with other
silica minerals — mainly quartz (quartzine and chal-
cedony) as well as opal-CT and opal-A or their
combination, all these being characteristic for ag-
ates. Quartz and moganite display similar structural
motifs. This similarity of the atomic structures of the
two minerals is shown on Fig. 1 in projection a—c
based on the structural data for quartz (Fig. 1a) of
Young and Post (1962) and for moganite (Fig. 1b)
of Miehe and Graetsch (1992) although with differ-
ent symmetry — hexagonal for quartz and monoclin-
ic for moganite.

In connection with the above structural close-
ness, the powder XRD pattern of moganite signifi-
cantly overlaps with the pattern of quartz (Fig. 1B),
which makes the distinguishing of moganite not
easy.

Combined generated powder pattern of quartz
and moganite (Fig. 1B) is based on the single crystal
structural data for quartz (Young, Post, 1962) and
moganite (Miche, Graetsch, 1992) and the special-
ized software PowderCell (Kraus, Nolze, 1996).

However, in cases when the content of moganite
is not very low (for example above 10 wt%), some
of its diffraction peaks in the powder XRD pattern
are well observed — especially these with inter-plan-
ner spacing (d) 4.43 A, 3.388 A, 3.116 A (Fig. 1¢)
(data taken from PDF card No. 79-2403 of the In-
ternational Centre for Diffraction Data (ICDD) and
calculated using POWD-12++ software and sin-
gle crystal structural data of Miehe and Graetsch
(1992).

The applied quantification approach was con-
ducted by the program Fullprof. The Rietveld-based
powder XRD quantification is a serious instrument
for optimized and speedy quantitative determina-
tions of minerals in various geological environ-
ments. It is important to understand that this meth-
od, because of the whole-pattern fitting approach, is
capable of much greater accuracy and precision in
quantitative analysis than any peak-intensity based
method.

The applied XRD quantification on the studied
agate (Fig. 1d) by use of full-pattern Rietveld-based
refinement showed moganite quantities from 21 to
31 wt% (sample Sh-10) in the quartzine layers of
the agate, 18.57 wt% in the chalcedony zone, and
only 1.72 wt% in the quartz shell (Table 1)(samples
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Fig. 1. Schematic representation of the Si-O tetrahedral atomic structures of quartz (a) and moganite (b); combined generated
powder pattern of quartz and moganite (c); fragment from agate (sample Ne 10427/2) from the Shumen region (dimensions
23x13x5 cm) (d); and experimental powder XRD pattern of sample Sh-10 (e).

Table 1. Fragment of agate from Shumen region (No. 10427/2

in the collection of the National Museum “Earth and Man”,
Sofia) and moganite contents in its different zones (Fig. 1C)

S;m riles Zone Mogatnite d?!c?eggsgy
(Fig.10) (wt.%) factor, R,
Sh-10 quartzine 31.0(5) 8.6
Sh-3 quartz 1.7(9) 12.4
Sh-2 quartzine 23.9(6) 9.1
Sh-2-2 quartzine 22.4(4) 8.8
Sh-2-3 quartzine 22.5(7) 8.7
Sh-2-4 quartzine 21.7(3) 7.8
Sh-1 chalcedony 18.5(7) 9.3

Sh-2-2, Sh-2-3, Sh-2-4 are taken from zone of sam-
ple Sh-2). The experimental powder XRD pattern
of sample Sh-10 is shown on Fig. le. These results
show that in the quartzine zones of the studied ag-
ate from Shumen region (Lozevo village) moganite
content is highest followed by the halcedony zone
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and almost full conversion of moganite into quartz
took place in zone Sh3 (quartz zone). These varia-
tions in the moganite/quartz quantities are indica-
tive for geological processes. The results of these
XRD approaches may serve in reconstruction of
mineral forming in silica environment.

Yanakieva et al. (2005) stated that the agate se-
cretions in the Shumen region are found together
with flint concretions. A two-stage process is pro-
posed for the formation of the agates. First — related
to dissolving of flint concretions in alkali environ-
ment and second — re-depositing of SiO, in karst
voids in the limestones in the form of agates with
alternating zones of chalcedony, quartzine with
moganite, and quartz. together with moganite.

Heaney and Post (1992) showed that mogan-
ite is intergrown with quartz in microcrystalline
silica varieties that are less than ~ 100 Ma in age
and after long time it diagenetically transforms to
quartz. Moganite precipitates preferably from alka-
line solutions and high concentrations (>20 wt%)
of moganite in chert signify formation of evaporitic
paleo-environments (Heaney, 1995).



Obviously, the results of applied XRD ap-
proaches may serve in reconstruction of mineral
forming in silica environment as well as to be used
as geothermometer for hydrothermal fluids or spe-
cific diagenetic processes.

Conclusions

The powder XRD method is quite useful to diagnos-
tics of moganite presence in mineralogical samples,
especially in silica sequentions. Quartz and mogan-
ite display similar structures and thus the powder
XRD pattern of moganite significantly overlaps with
that of quartz and the distinguishing of moganite
is difficult. However, some of its diffraction peaks
are well observed — with inter-planner spacings (d)
443 A,3.388 A, 3.116 A. The presence of moganite
is proved in the agate of study in all its zones. The
applied XRD quantification by use of full-pattern
Rietveld-based refinement showed moganite quanti-
ties from 21 to 31 wt% in the quartzine layers of the
agate, 18.57 wt% in the chalcedony zone, and only
1.72 wt% in the quartz shell. The results of the ap-
plied XRD methodology may be used for explanation
of of mineral crystallization in silica environment.
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