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Becesusnos, U 1994, KouniorspHata nporpama 3a uyeprate Ha xpucrajin SHAPE
KATO W3CNeLOBATENICKO CpencTBo. — feoxum., muxepar. u nempoar., 29, 97—105.

KomniorspHoTO depTaHe Ha KpHCTaAH, 3aMeCTHAO TPYAHOTO PBYHO YepTaHe, pas3luupsaBa
MHOTO BB3MOXHOCTHTe 3a peluaBaue Ha obpartuu mopdosnoxku safgauu. C nporpamata SHAPE
Ha E. Dowtly ca gajenu npumepy Ha HOBM pelIeHUs HA HAKOHW CTapH 3aJaud U ce NpeiIarar
APVYTH, paslIKpaBaily NPUAOKEEHeTO Ha IporpamMara B uachefopareickara pabora. C ueprexu
¢ SHAPE 61p30 u Touno ce Xapakrepusupa mMophonorusra Ha g1o0pe OocTeHeHH MHKPOCKOMHY-
HH KpHCTa/ H (IpHMEP UHPKOH); HAeHTHRHIHpAT ce GOpMHTE HA KPHCTAJ/H B NIPOU3BOJHU OPHEH-
tanuy Bhpxy CEM cHumku (IpuMep MOHOXHAPOKAJMIHT), KATO IIPH TPYAHHU CJIYYaH MOME Aa ce
M 3TI03YBAT CTePeO]ABOMKH, U36ATBA Ce MOTpPellHO MAeHTHOUIMpAaHe TIPH PA3TErJEHH KPHCTA-
AH (mpHMep NHPHUT). Bb3npouspexzar ce caydyallHu NMpepe3d B aHUWWIHQH H- KOHIARGH (mpH-
Mep NHPHT). BB3MOXKHO € U CUMyJIHpate Ha KpPHCTaJJdeH PACTeX, HAIOCTPHPAHO C €IHH 30HAJEH
ap CEHONMPHTOB KpHcTad. B chueraHue ¢ nporpaMaTa 3a 4YepTaHe Ha KPHCTaJdHH CTPYKTYPH
ATOMS ot cpiug aprop SHAPE paskpusa GoraTi Bb3MOMHOCTH B H3YUaBaHeTO Ha BpDB3-
KaTa MexAy popMa, CTPYKTYpa H YCAOBHS Ha pacTeX NUPH KpHCTaJHuTe,

Kawuosu Oymi: KPpUCTAIH, KOMIOTHPHO UepTaHe, LUPKOH, MOHOXHADOKAJIHT, MHPHT,
ADCEHOMHPUT
Adpec: Drwarapcka akafemuss Ha naykurte, Ieosornueckn uuctutyr, 1113 Codus.

Crystal drawing has always been the final step crowning a morphological
study. Now the laborious, though deeply satisiying, hand drawing has been
replaced by computer programs (e.g. Schneer, 1977, Strom, 1979
Miyata et al, 1980; Do wty, 1980, 1989). This communication does
not aim to review the previous papers buf to relate the author’s experience in
using a program available to him for deducing real shapesirom drawings, an
inverse problem in morphology suited perfectly or the computer.

The traditions of Bulgarian mineralogy in studying morphology as a clue
to the understanding of mineralization processes is well known (Kostov,
1977). In particular, the Department of Mineralogy at the Geological Insti-
tute of the Bulgarian Academy of Sciences has never neglected crystal shapes
in its research and SHAPE of E. Dowty has attracted attention since the
publication of its mathematical background (D o w t y, 1980). In 1981, I. Bo-
nev at the Department obtained one of the earliest versions and, together
with ‘A. Andreev, drew the frrsi crystals; this version needed a large computer
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which prevented them from extending their work (Bonewv, 1991, pers.
comm. ) In 1985, T. Kerestedjian, using the program text of E. Dowty, made
a copy for a Pravetz-8 computer (Kerestedjian, 1992, pers. comm.).
In 1989, thanks fo the efforts of J. Minceva-Stefanova, the program was
successiully used for solving a number of practical problems. Finally, in 1991
I. Bonev obtained the SHAPE 1989 1BM-PC Version 3.1 (Do wty, 1989).

During more than dozen years of work on his program E. Dowty has
made a number of important improvements widely extending its capabili-
ties and speed. Although this communication does not aim to discuss the pro-
gram’s power in solving direct problems, i. e. in drawing crystals and aggre-
gates of known (measured) form combinations (e.g. B r o ¢ k, 1992), it is worth
mentioning the ease and speed with which the Teal shapes are reproduced,
including distorted forms and crystals with curved (convex) surfaces. An ex-
perienced morphologist can do all this by SHAPE using its main options RUN
and RERUN CRYSTAL, TWINS and EPITAXIAL CRYStALS, supported
by ROTATIONS and a number of auxiliary options and suboptions. The
interactive and often simple input resuits in the drawing of crystals becoming
an intriguing “play” with the number of forms desired and the distances
of their faces from the crystal centre (central distances).

One idea, which naturally suggests itseli whilst working with SHAPE,
is to approach the inverse morphological problem, i.e. to try and 1dent1fy
real crystal shapes with the aid of drawings. This, and the possible extension
of the program to accomodate crystal cross-s sections and crystal growth are the
subject of this paper in which the points raised will be illustrated with a few
well documented examples.

Identifying the forms of real‘:cr.ystals by SHAPE

‘The importance of the morphology of accessory zircon as a genetic crite-
rion is well known and has been discussed by a number oi authors, including
Caruba, Turco (1971) who were concerned with the need for rapid and
unambiguous indexing of the forms on numerous crystals. In the sample being
examined zircon usually lies on its prism faces, {100}or {110}, and its dipyramidal
terminal combinations can be identified by measuring the angles between the
crystal edges as seen under the microscope. Some twenty years ago the above
authors prepared a chart of all edges of the eight most common forms of zir-
con which rendered measurement unnecessary. Now SHAPE can do the same
with the exfra possibility of accurately reproducing any face development
and habit of the crystal. In a recent study (Arnaudov et al., 1990),
SHAPE drawings like those shown in Fig. 1 were used to mmphologicaily
characterize numerous crystals extracted from the Rhodope metamorphic
rocks. Afrer dividing them in groups of similar face development, the angles
between their edges as seen under the microscope were compared by eye with
those on the drawings. It required only a little practice to be able to confi-
dently identify the crystal forms present even on crystals with rounded, poorly
defined edges. In more difficult cases one may prepare SHAPE drawings on
transparent paper and superimpose them onfo microphotographs of the cry-
stals to discover the form combination, a procedure similar to that proposed
byCaruba, Turco (1971). Another advantage of SHAPE is its SCALING
option which- enables the size of the drawing to be matched to the size of the
photographed crystal; this may be useful for checking shapes in published
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works, e. g. zircon photographs
in the paper of Puziewicz,
" Radkowska (1990). It is
obvious that SHAPE drawings
can be used for he morphological
characterization of other mineral
species found as well formed
crystals in heavy concentrates
or similar samples.

- The above example is a
specialized case of the more
difficult problem of identifying
crystal forms from photographs
showing the crystalsin fortui-
tous orientations. This problem
arose mainly after the SEM made
it possible to obtain good photo-
graphs of very small erystals de-
fying direct goniometry; it was
solved by procedures commonly
used in aerial photogrammetry
(Kirov, Gaitandjiev,
1968; Ghobarkar, 1977) and
involving measurements on ste-
reopairs of SEM photographs
which permit the calculation of
the  interfacial angles and
thus the identification of the
forms (e.g.Franke et al,
1986). SHAPE now offers a
simpler procedure as a result of
©its ability to rapidly create
various combinations, including
stereopairs (D o w ty, 1980). I
the mineral is known, which is
generally the case in SEM  stu-
~dies, one can assume the form
combination of ifs crystals, draw
it via SHAPE, rotateit as de-
sired and compare the

drawing with the photograph. By ftrial

Fig. 1. SHAPE drawings of zircon crystals used
to morphologically characterize specimens from
the Rhodope metamorphic rocks (Arnaudov
et al., 1990), Indexing follows the structural
setting, co/a,=0.905. Three pairs of combinatians
are shown in alternative orientations to demon-

strate the differencesin the crystal terminals which

permit rapid and unambiguous identilication of

forms on natural crystals (cI. with the procedure

proposed by Caruba, Turco, 1971
a— the combination {100}, {110}, {l0l} lying
on a {100} face compared to {100}, {110}, {112}
lying on a {110} face; b — a {100}, {110}, {101}
crystal 1ying ona {110} face compared to {100},
{110}, {112} one lying on a {100} face; ¢ — {100},
{110}; {101}, {112}, {211} lying .on a {100} face
compared to the same combination lying on a
{110} face '

dur. 1. Heprexku ¢ SHAPE ma uHpKOHOBH KpH-

" cTaJiH, H3MOA3VBaHU 32 MOPDONIOXKO XapaKTepH3u-

paHe HA IUPKOHH OT MeTamMop(dHuTe ckaiu B Pojo-

‘nute (Arnaudovetal., 1990). Mugekcupasero

e 10 CTPYKTYypHATAa OPHEHTHPOBKA, Coof29=0.905.

[Tokasauu ca Tp¥ KOMOGHHAIKH B JBe ODHEHTHPOB- -

KM, 33 Ja ceé BHAAT pAa3JHKHUTe B TepMUHAJHHTE
puOOBe, KOHUTO MO3BOJNIABAT 6Bp30 U €IHO3IHAYHO
uientTudrLyupase Ha QOpPMATe BLPXY TPHPOJHH
xpucTanan (cpB. ¢ Meroja, npejnoxkes or Caruba,
Turco, 1971)
o — xomGunauusita {100}, {110}, {101}, sernasna
sbppxy {100}, cpaBnena c {100}, {110}, {112}, ner-
nana sopxy {110}; b — xpucran ¢ {100}, {110},
{101} sLpxy crena ua {110}, cpaBien c KomOu-
nauusta {100}, {110}, (112} Bepxy cTena na
{100); ¢ — {100}, {110}, {101}, {112}, {211} B®p-
xy cresa ua {100}, cpaBHena cbc cbUlaTa KOM-
fuuamnust, Ho BBpXY crena na {110}

and

error, changing the combinations of the forms and their central distances;
a complefe coincindence befween the drawing and the photograph (or their
stereopairs) can be quickly obtained, thus deciphering the morphology of
the photographed crystal. This approach has been tried by the present author
on monohydrocalcite,amongst other minerals, with good results. A unique
find of well formed crystals of that rare mineral had been recently descri-
bed and illustrated with SEM photographs Minc¢eva Stefanov a,
N ey ko v, 1990). The largest crystals were kindly given to this author to
try refection goniometry. About 0.2 mm in size,they presented a difficult
task and partial success was achieved for only two of them. One was identi-
fied as a trigonal trapezohedron with rather curved, convex faces, whereas
the other had only three,also curved faces obeying the three-fold symmetry,
thus offering no indication as to the kind of form they may belong (rhombo-
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a b c
Fig. 2. SHAPE drawings of monohydrocalcite
crystals to be compared with the SEM photo-

~graphs .in the study of Mindeva-Stefa-
nova Neykov (1990, their Figs 2b, ¢, d)

@ — rhombohedron, trigonal prism and ditrigo-

" nal prism; b — ftrigonal trapezohedron, rhom-
bohedron and trigonal prism; ¢ — the same as
b but the trapezohedron is less steep and a
minor trigonal dipyramid is present

Dur. 2. Heprexn ¢ SHAPE wa monoxuapoxanuu-
TOBH KpHCTanyd 3a cpapugBage ¢be CEM-ciuMEHTe
B crarufatra Ha Mindeva-Stefanova,
Neykov (1990; rexuure dur. 2b, ¢, d)
@ — pOMGOeALP, TPHIOHAJMHA NpPH3Ma U IUTPHTO-
Ha/lHa TNPH3MA; b — TPHIrOHAJEH Tpaneunoeasp,
poMGOeABD M TPHLOHAJIHA TMpPH3ME; ¢ — KaTo b,
HO TpameloeAbPbT HE € TaKa CTPBMEH H IpPH-
cLeTByBa M. ciaaGo pas3BHTa TpHroHazAna Onnu-
paMuja

hedron, trigonal dipyramid or
trigonal trapezohedron). This
scanty information was used to
draw test crystals of monohyd-
rocalcite (Fig. 2) until they
coincided with the photographs
in the origindl paper (Mince-
va-StefanovaNevkoyv,
1990). The readers are invited
to compare the latter with the
drawings in Fig. 2 to convince.
themselves that the coincidence
is satisiactory. If SEM stereo-
photopairs were available, they
could have been compared with
SHAPE stereopairs which is
actually the correct way of using
the procedure; i needed, it per-
mits comparison between mea-
sured interfacial angles (e. g.
by the method of Ghobarkar,
1977) and those in the drawing
which SHAPE will produce via
its INTERFACIALL ANGLES
option.

It should be noted that drawing distorted crystals with SHAPE is sligh-
tly more ti_me~consuming than drawing regular ones but is a great- help in a
morphological study. An excellent example may be found in the paper of

011

Fig. 3. SHAPE drawings of distoried combinations
on pyrite to verify if the crystal shown in Fig. 9 of
the paper of Querol etal. (1989) is rhombodode-
cahedral or cuboctahedral. The crystal axes are also
shown :
' +a — a rhombododecahedron with one face slightly
larger than the others; » — a cuboctahedron lack-
ing one cube face -

Qur. 3. Ueprexku ¢ SHAPE na pasrersenn dopmu Ha
NEPHT 3a YCTaHOBSIBaHE Ja/JH KPHCTAJABT, N10KA3aH HA
dur. 9 B craruara na Quer ol et al. (1989), e pom-
GomonexaeApHueH HAM KyOGooxktaeapuuex. Haueprannm
ca W OCHHTE KPBCTOBE
a — pomBojofieKaebp, HAYepTaAH TaKa, 4e eHaTa My
CTeHa Jia e MaJKO IO-TOJNsIMAa OT OCTaHaaHTe; & —
Ky00ooKTaeAsp, Ha KOUTO JUIICBA efHa KyOHUHA CTeHd



Panynora, bounesr (1993) where the morphology of a chalcopyrite
needle is closely reproduced by distorted crystals run through the option EPI-
TAXTAL CRYSTALS. An additional advantage in such cases is that the pro-
gram optionally shows (option CRYSTAL AXES) the axial cross with its
true axial ratio in the given projection. SEM photographs of distorted cry-
stals can be very misleading and SHAPE provides a safeguard against mistakes.
In a paper on iron sulphides in coal Queroletal. (1989) described rhom-
bododecahedral pyrite (illustrated by two SEM photographs) in addition to
the common cuboctahedral cne. Since the {110} pyriteisarare occurrence and
finding it implies some rather specific conditions of formation, its ident-
ification seemed rather doubtful all the more that the SEM photographs
suggested that the “rhombododecahedral’” pyrites could be simply distorted
cuboctahedra. This was easily conlirmed by the SHAPE drawings shown in
Fig. 3. The two combinations, rotated to coincide with the photographed cry-
stal (Fig. 9in Querol et al., 1989). show conspicucus differences when
drawn, and careful comparison with the photograph demonstrated that the
latter is actually a cuboctahedron and not the exotic rhombododecahedron.

7Drawing crystal sections by SHAPE

Another problem well suited for SHAPE is to deduce crystal forms from
cross-sections as observed in polished or thin sections. The solution again con-
‘sists in drawing and rotating test crystals; in this case, however, coincidence is
sought between the outhnes of the observed section and those of a plotted cry-
stal cut in two by the plane parallel to the screen (paper). Although SHAPE
has no special option for producing crystal secticns it supplies all the data
needed to perform the task. Firstly we create the desired crystal entering the
lowest symmetry 1 in order to be able at a later stage to enter as a crystal face
the single plane parallel to the screen (in the same way the faces of distorted
crystals are entered one by one instead of symmerty-related groups which ref-
lects the lowering of the real symmetry as the result of distortion). Then, after
rotating the plot as desired; we call the option PRINT-OUT, suboption “short
printout”, to obtain the cartesmn coordinates of the ends of the crystal axes in
their originally entered lengths as projected on the observer’sccordinate sy-
stem in which y and z lie in the screen and x points at the observer, i. e. the
suboption gives the projections of the crystal axes, A, B, Con x, y, z for the
given orientation in the form of the matrix xsyaza/xs ys 28/ Xcycze. From this
the indices of the plane HKL parallel to the screen can be derived as H:K:L=
xa:xg:xc. In general, the ratios are irrational so that we enter them in option
RERUN CRYSTAL as the nearest two-digit integers giving the plane a very
small central distance, e. g. 0.01. Plotting the new crystal and rotating it
with HKL parallel to screen we get a close approximation of how the crystal
would look in the given orientation if cut by half, i. e. we have reproduced

a polished section. If we enter 4 KL in addition to HKL giving it a similar
small central distance we will reproduce a thin section. The above procedure
is illustrated in Fig. 4 using the pyrite crystals shown in Fig. 3.
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a

Fig. 4. SHAPE simulation of pelished. and thin
sections. The two pyrite crystals shown in Fig. 3 in
random orientations are cut by the plane approxi ma-
tely parallel to the screen (paper) entered as a face
of rational indices. The procedure simulates random
cuts as seen in polished sections. If the cutting plane
is doubled by entering a second one parallel to it the

drawing will reproduce a thin section ,

g — the crystal in Fig. 3a with the cutting plane
shown telative to the normal faces; b — the same
as a but the cutting plane is given a very small
central distance to cut the crystal in half; ¢ and
d — the two stages of halving the crystal in Fig, 36

Qur. 4. Ueprane ¢ SHAPE wna xpucranau npepesu.
JBata THpPHTOBH KpHCTana, IOKa3adu HA Gur, 3 B
caAyuadHa OpHeHTalHd, ¢a TPeCeYEeHH ¢ PABHHHATA,
npuGiM3UTENHO YCMOpeAHa Ha expaHa (XapTuara),
KOATO € BbBejeHa KAaTo CTeéHa ¢ palMOHANHH MHJEKCH.
Taka morat na ce BL3NPOH3BENAT CAYUYAHHE NOpepesH,
na6aiogasaun B anmingu. lpepesn B monuutudu mo-
rat ga ce BB3NPOH3BEAAT, KaTo YepTek’BT Ce Iipeceue ¢
olile eiHa paBHEHa, YCIopelHa Ha nbpBarta
@ — uepTeXBT 0T (bHr. 3@, HO ChC cexyllaTa paBHH-
Ha, ToKasahna CNpsMO HOPMAJHHUTE CTenu; b — Karo
@, HO Ha CexyllaTa PABHHHA e 3a4aJEeHO0 MHOT O MalKo
LeHTPAMHO Pa3CTOdHKe, 33 Ja PasloNioBH KPHCTAJA;
¢ ud - chuluTe JABa eTana Ha pA3I0JOBRBAHE Ha
KpucTana ot ¢ur. 3b.

Growing crystals by SHAPE

Although the computer simulatton of crystal growth was identified as
a problem at the start of work on crystal-drawing programs (Schneer,
1977; D o w t y, 1980), the author is unaware of any serious attempt at a sys-
tematic use of programs for growing crystal shapes. Yet this may be helpful in the
study of zoned crystals (i. e. for understanding the internal morphology or
anatomy of crystals) where the succession of forms, revealed by the microscope
or the microprobe, records important events during the growth of the crystal.
SHAPE is capable of plotting such successions with its options DOT-MATRI X/
LASER PLOT and PEN PLOT. An arsenopyrite crystal is produced here to
illustrate the point. : ‘

Fig b. is based on two recent studies of. arsenopyrite zoning as a function
of composition (Kerestedjian, Mindeva-Stefanova,
1988, Vesselinov etal., 1990). They used BSE imagery to observe the
zoning in an oriented (001) polished section of a crystal termination bounded
by {101}, {210} and {010} (orthorhombic approximation). The geometry of 20
zones involving the{210}and {010} growth sectors has provided important clues
to the growth history. In Fig. 5 the zones as seen in the polished section are
reproduced by SHAPLE. Each zone was drawn as a separate crystal; cut in
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(010)

Fig. 5. SHAPE simulation of the growth of an arsenopyrite
crystal bounded by {101}, {210} and {010}. 20 successive
shapes (zones) are shown in the (001) cut asseen in the BSE
image of a polished section described by Kerestedjian,
Mincéeva-Stefanova (1988yandin Vesselinov
et al., (1990). The boundaries between the (010) and (210)/
(210) growth sectors are drawn by hand

®ur. 5. Brsnpoussexpane ¢ SHAPE nHa pacrexa ua egnn
ApCeHONMPHTOB KpHcran, ocrewen ot {101}, {210} u {010}.
[Toxasauu ca 20 nocnenosatensn QopMH (30HH) B ceyeHHe-
to (001) Taxa, KaKTO ce BHXKJAT HA CHUMKATa B 0BpaTHH eJjlek-
tpoun B paBorataHa Kerestedjian, Mindeva-
Stefanova, (1988), xakton Ha Vesselinov etal.
(1990). I'panunure mMexay cekropute Ha pactex Ha (010) u

Ha (210)/(210) ca nsuepraHu HA pBKa

half by the (001) and rotated with the (001) parallel fo screen, then piotted on
transparent paper to be superimposed onto the BSE-image enlarged photo-
graph and compared with the respective zone. After reaching satisfaclory
coincidence, the plot was compressed into a window with options DOT-MAT-
RIX or PEN PLOT and sent to the plotter to draw it in the chosen page area
along with the other zones. It is clear that the ratios of the {010} and {210}
centiral distances,used successively to reproduce the zoning, simulate the chang-
ing growth-rate ratio of the respective sectors. -

The computer also offers the opportunity for graphically testing hypo-
theses concerning the relative growth rates of the simple forms of a crystal.
Using SHAPE, similar to the procedure described above, one can enter nume-
rical values taken from hypothetical growth-rate curves using them as central
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distances to see the resulting form successions. This problem was considered
during the above-mentioned study on arsenopyrite (Vesselinov et al.,
1990), including the intrigning question of following up shape variations du-
ring a period of oscillatory zoning as treated in thetheory of Allégre et
al. (1981). The matter was not pursued however and the problem is only Tor-
mulated here. One of the reasons for this is that entering so many values,
i. e. drawing a growing crystal as a series of separate shapes, is rather time-
consuming and tedious. One possible solution is to extend SHAPE in a way
that will allow the operator to enter functions as central distances
instead of numbers, and then to plot the resulting succession of forms.

Conclusion

The few examples discussed in this paper are an attempt to show how
SHAPE can be used to solve, in a new manner, a number of old inverse prob-
lems in crystal morphology. The subject, however, is by no means exhausted
and the constant imrovements in software that the author of SHAPE is making
are major contributions in this field. He has recently completed two other pro-
grams, QSHAPE and ATOMS. The former has reacted to the latest develop-
ments in the science of form and allows the drawing of quasicrystals and re-
lated shapes. The latter plots crystal structures and, in combination with SHA-
PE, offers exciting opportunities in the study of the relationship between
form, structure and growth conditions of crystals.

Note added aiter the completion of this paper

The author is pleased to relate to the interested readers that he has received an announ-
cement of the newest commercially available versions of SHAPE (Dowty, 1992, pers. comm.)
one of which, SHAPE IBM-PC V4.0, has a professional edition allowing to draw crystal forms
in section and to model crystal growth. As already discussed in this paper, these are major
improvements further extending the field in which SHAPE users may rely on the program
as an instrument of research.
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