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MORPHOLOGY OF COLOMBIAN EMERALD:
SOME LESS COMMON CASES AND THEIR
GROWTH AND DIissOLUTION HISTORY

Karl Schmetzer and Gérard Martayan

The morphology of Colombian emerald, including growth and dissolution features of their faces, gives insight
into growth and post-growth history of individual crystals. A collection of 15 isolated crystals and seven emeralds
in matrix was studied by optical methods. The authors observed layered growth of prismatic, dipyramidal, and
basal sectors that leads to crystals with prismatic to columnar or rarely pyramidal habit. In the latter case, pris-
matic growth sectors were not developed. The visual appearance of the crystal faces at the surface was influenced
by etch patterns with the formation of cavities, pits, pointed hillocks, and stepped grooves, followed occasionally
by layered overgrowth. Skeletal growth led to the formation of cavities in crystals, some of them resembling
empty cups with planar bottoms. In these crystals, the basal faces showed indentations or deep cavities, sur-
rounded by shells or rims of emerald, bound on both vertical surfaces by prism or dipyramidal faces. Emeralds
in the form of slightly conical empty tubes also belong to the latter group. Possible relationships to trapiche

emeralds and samples exhibiting the gota de aceite effect are discussed.

originating from different mines is rather simple

and formed by a small number of external crystal
faces. We observe two dominant planes, the basal
pinacoid and the first-order hexagonal prism, occa-
sionally in combination with small second-order
hexagonal prism faces and first- and/or second-order
hexagonal dipyramids (Goldschmidt, 1913; Schwarz
and Giuliani, 2002; Moore and Wilson, 2016). The in-
ternal growth pattern of such samples, which nor-
mally show prismatic habit, consists of growth
planes parallel to the external crystal faces (Kiefert
and Schmetzer, 1991).

Occasionally, natural emerald and beryl crystals
show etching and dissolution features (an overview
of the pertinent literature is given in box A). Other
growth features are due to skeletal and polygonal
growth of beryl crystals (see box B). Both growth fea-
tures are related to the observations made in this ar-
ticle for Colombian emerald crystals.

Rarely mentioned are emerald crystals with con-
ical habit (Johnson, 1961a,b}—or vasos in the form of

I n general, the morphology of Colombian emerald
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slightly conical empty tubes (Klein, 1941)—or emez-
alds in the form of prismatic, empty “cups” with pla-
nar bottoms (Weldon et al., 2016). In most references,

In Brief

e The surface texture of Colombian emerald crystals re-
veals details about growth and post-growth history.

e Several crystals show indications of natural etching in
aggressive fluids, and some samples have undergone
several subsequent growth and corrosion steps.

e In crystals with a conical shape, only basal and
dipyramidal growth sectors were developed.

e Skeletal growth is observed in emeralds showing the
form of empty cups or emeralds with indentations on
the basal face.

e Within the empty cups, polygonal growth of small
emerald columns is observed.

such emeralds with conical habit (figure 1) or emer-
ald vasos or cups (figure 2) have been briefly men-
tioned or have only been pictured without
considering a possible growth mechanism. In the fol-
lowing discussion, we will use only the term “cups”
for both slightly different variants.
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Figure 1. This Colom-
bian emerald (sample
10, 25.0 mm in length)
shows conical habit in
the upper part and pris-
matic habit in the
lower part; the base is
covered with numerous
pointed hillocks. Photo
by G. Martayan.
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Box A: LITERATURE ON DISSOLUTION FEATURES OF BERYL AND EMERALD CRYSTALS

Etch pits on basal, prismatic, and pyramidal faces of
Colombian emerald have been described or depicted by
a few authors (e.g., Honess, 1917, 1929; Medina et al.,,
1983; Moore and Wilson, 2016). Considering the min-
eral beryl in general, various forms of tiny cavities or
pits have been observed with different shapes reflecting
the symmetry of the individual basal, prismatic, or
dipyramidal crystal faces (figure A-1). In addition, the
shape of etch patterns varies between samples from dif-
ferent localities (Kurumathoor and Franz, 2018). It has
also been mentioned that while some faces of crystals

might show etch pits, other faces of the same crystal are
completely free of such textures (Petersson, 1889;
Arzruni, 1894; Vrba, 1895; Tschermak, 1897; Kohlmann,
1908; Sinkankas, 1981).

These generally observed features of etch patterns in
beryls from numerous localities are consistent with the
results of etching experiments performed in the labora-
tory (Taube, 1895/1896; Feklichev, 1963). Such experi-
mental processes were done in various acidic or basic
solutions, but normally only for periods of seconds to
minutes.

\%
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Figure A-1. Shape of etch
pits observed optically on
prismatic m and a faces,
on the basal pinacoid c

and on dipyramidal s
faces of numerous beryl
crystals from Brazil. After
Kohlmann (1908).
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Examination at high magnification by optical and
electron microscopy reveals that the patterns of vari-
ously shaped cavities developed by natural or artificial
etching show stepped surfaces of various forms (Scandale
et al., 1990; Sunagawa and Urano, 1999; Sunagawa, 2003;
Demianets et al., 2006; Dem’yanets and Ivanov-Schitz,
2009; Kurumathoor and Franz, 2018).

All these observations, however, are different from
the effects of heavy dissolution, in which the crystals’
original surfaces are completely or partially dissolved,
forming more or less deep cavities or grooves (Ford, 1906;
Zedlitz, 1941; Bartoshinsky et al., 1969; Koivula, 1981;
Lyckberg et al., 2009; Tempesta et al., 2011). Such heavy
resorption has been mentioned for beryl from specific lo-
calities—e.g., California, Brazil, or Ukraine (figure A-2)—
and it has also been shown for emerald from Colombia
(figure A-3, left).

Furthermore, it should be mentioned that heavy etch-
ing can produce pointed forms consisting of single or mul-
tiple tapering tips representing the residue of the former
as-grown basal plane (figure A-3, right; see Penfield and
Sperry, 1888; Penfield, 1890; Lacroix, 1896; Sunagawa,
2005; Moore and Wilson, 2016). This feature is also seen
in the heavily etched Colombian emerald shown in figure
A-3, left.

Figure A-2. Yellow and greenish yellow beryl crystals
from the Volodarsk mining area in Ukraine showing
heavily dissolved surface patterns due to natural etching
and dissolution subsequent to the crystal growth
process. Crystal length: 61 mm (left) and 43 mm (right).
Photos by Peter Lyckberg.

Figure A-3. Left: A heavily etched Colombian emerald crystal from Muzo measuring 27 mm in length. The basal pinacoid
is completely dissolved, leading to numerous pointed hillocks; the growth sectors related to the a prism faces are optically
reflective. Photo by Jeff Scovil. Right: Etched beryl crystal from Pont de Barost, Haute-Vienne, France, showing a com-
pletely dissolved basal face with numerous pointed hillocks. From Lacroix (1896).
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Box B: LITERATURE ON SKELETAL AND POLYGONAL GROWTH OF BERYL CRYSTALS

From the literature, beryls with hexagonally outlined
rims or walls are known from different pegmatites.
Within these main walls, highly variable, irregularly
shaped to hexagonally outlined areas of beryl are found,
with other pegmatite minerals filling the remaining
space (figure B-1). These beryls, designated as “skeletal”
or “shell” crystals, mostly consist of a rim or shell en-
closing additional beryl shells or rims and other peg-
matite minerals (Hunt, 1892; Shaub, 1937; Johnston,
1945; Norton et al., 1962; Beus, 1966; Sinkankas, 1981).
It is not mentioned in the works cited whether the beryl
inside the dominant surrounding wall represents parts
of a single crystal, connected to the main wall or rim, or
independent individual crystals.

From the viewpoint of crystal growth, in skeletal
crystals with incomplete planes, crystal edges grow in
favor of plane faces (Sunagawa, 1981, 1999). This is of
course dependent on the growth environment. In the
flux synthesis of emerald, for example, it is possible to
grow skeletal crystals with depressions of the m prism
face (Oishi et al., 1994).

On the other hand, the polygonal growth of small
beryl columns on a basal plane of a larger crystal and the
subsequent overgrowth of this structure by later genera-
tions of beryl was described by Sahama (1966) and is
shown in figure B-2.

Visually, a beryl crystal depicted by Hills (1890) and
shown in figure B-3, seems to show both growth features:
skeletal and polygonal growth. In this sample, we ob-
serve a rim surrounding a larger cavity. Within this cav-
ity, we observe irregular walls or columns, which end at
different heights in the cavity with small crystal faces.

Figure B-2. Sketch of a beryl crystal showing polygonal
growth of small individual pyramidal beryl crystals
ending in basal faces; this morphological structure is
seen on the surface and within the crystal. In the latter
case, this area was overgrown in subsequent growth
steps. From Sahama (1966).

Beryl Feldspar Quartz Tourmaline

Figure B-1. Slices of three beryl crystals from Alto Cruzeiro,
Paraiba, Brazil, with skeletal growth structure. Three slices
were cut from each sample oriented perpendicular to the c-
axis. Within an outer skeletal rim or shell of beryl, further
beryl crystals and other pegmatite minerals were observed.
From Johnston (1945).

Figure B-3. Surface structure in a beryl from Mount An-
tero, Colorado, with a rim surrounding a larger cavity
with irregular walls or columns developed within the
cavity. From Hills (1890).
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Of commercial interest, in addition to facetable
material without special structural properties, are
samples with a fixed six-rayed pattern with or with-
out a central core—designated “trapiche” emerald
(Bernauer, 1926; Nassau and Jackson, 1970; Pignatelli
et al., 2015; Schmetzer, 2019; Smith, 2021) or sam-
ples with an internal growth pattern named gota de
aceite (Spanish for “drop of oil”) (Giibelin, 1944,
Bosshart, 1991; Ringsrud, 2008; Hainschwang, 2008;
Schmetzer, 2009; Gao et al., 2017).

Some of the morphological features mentioned
above, such as the various forms of the trapiche pat-
tern, have been studied in detail to evaluate the
growth mechanism. The gota de aceite effect has
also been properly described, but its formation, either
by dissolution (etching) or polygonal growth and, in
both models, by subsequent overgrowth of the sur-
faces of the small hillocks or columnar crystals
formed in the first step, is still a matter of discussion
(Bosshart, 1991).

In a recent publication, Pignatelli et al. (2022) de-
scribed several Colombian emeralds with unusual
habits. According to their results, the growth mecha-
nism of two emerald cups, one spongy emerald crystal,
and one spear-shaped sample is mainly due to etching
(post-growth dissolution), and the morphology of an

MORPHOLOGY OF COLOMBIAN EMERALD

Figure 2. In sample 17
(26 mm in length), a
base of black shale (not
visible) is covered with
numerous albite, cal-
cite, and pyrite crystals.
In this matrix, five
emerald crystals are
embedded, two of them
developed in the form
of empty cups. The
emerald cup on the
right is 5.5 mm long.
Photo by G. Martayan.

emerald crystal with a horseshoe-shaped appearance
is related to incomplete, nonuniform growth caused
by mineral inclusions acting as growth obstacles.

The present paper tries to contribute to the un-
derstanding of these less common morphological and
growth phenomena of Colombian emerald and offer
descriptions and understanding of different patterns
mentioned, especially by enlarging the database for
such rare samples with remarkable morphological
features. These samples provide a unique opportu-
nity for investigation, but their rarity limits the in-
vestigation to nondestructive methods. In this way,
the paper would further contribute to our under-
standing of the growth and post-growth history of
Colombian emerald.

MATERIALS AND METHODS

The present study is based on examination of 15 iso-
lated emerald crystals and seven specimens with
emerald crystals in mineral assemblages with albite,
calcite, dolomite, and pyrite on gray or black shales
(table 1). All samples are from a private collection
and were purchased within the last 20 years in Bo-
gota or near emerald mines in Colombia. This does
not necessarily indicate that all samples were un-
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TABLE 1. Properties of the examined emerald crystals.

Matrix
Sample no.  specimen Emerald crystal . . Crystal facesc  Surface features of .
and locality dimensions dimensions (mm)? Weight and habit emerald crystals Remarks Figures
(mm)
i Crystal on gray L11.8, . Associated minerals:
1: Chivor shale, 40 x 28 D35 22.7 g ¢, m; columnar Growth steps on m dolomite, pyrite 4
L18.0 cm s Irregular openings in ¢, Cavities below c, larger
2: La Pita — D 11.1-12.0 18.61ct A nar etch pits and grooves than the different 5
’ ’ onm openings
Crystal on c,m,a,p,s; lrregular openings in c, . . .
3: Chivor black shale, D |[5213_16§ 5 21.4¢g elongated  partly deeply etched m gﬁﬁg'ateﬂtglgs{giltz 6
41 x 30 ’ : tabular growth sectors OIRATE
Partly deeply etched m
) L31.1, c,m,a; growth sectors; in other
4: Coscuez - D7.1-7.6 mazet  Glumnar parts, growth steps on - 7
m
5: La Pita or L 10.0, ) . Growth striations on the
Muzo o D 4.0 0.67 ct € SomEEl sides of the pyramid o & H e B
. . L 8.8, ¢; conical and  Growth striations on
6: La Pita o D 2.0-2.1 0.33 ct prismatic part both parts o 8A
) . L 8.8, ¢; conical and  Growth striations on
LA o D 2.5-2.8 0.46 ct prismatic part both parts o & haeC
c,m,a,s,p; Growth steps on
R, L 9.8, partly conical conical surface and on Groth tubes along the c-
8: Chivor - D 4.8-5.1 161 ¢t Nith tabular  m faces of the tabular axis in tabular part 9
part part
L2038 Cmoasp Growth steps on m, Residual dark gray
9: Muzo (?) — D10 8;1/2 1 10.76 ct ’ C(;ni/ca/lp/ finer structures on the (carbonaceous) material 10
’ ’ conical part in cavities
Growth steps, mainly
L 25.0, m, a; partly corI?iacraaI”seulrgcz-pr?)r\]/vth Extensions of growth
10: La Pita — D (top) 15.0-16.6, 35.87 ct  conical with SteDS ON M c;fgthe sectors confined tothea 1 and 11
D (bottom) 9.5-13.0 columnar part P b prism
columnar part; hillocks
onc
Indentations on ¢ . .
o Crystal on gray L 15.5, c,m,aup,s; ¢ Associated minerals:
TR (Sl shale, 56 x 37 D 3.5-4.1 43.28 columnar o s o calcite, pyrite 12A
prismatic faces
aggregate of 11 .
. Crystals on parallel crystals; c,m,a; Indentations on ¢ of all Associated minerals:  12B and 13
12: Chivor dark gray shale, | ’ 50.0g R crystals, growth steps . . - !
argest L 12.5, columnar ) . pyrite, dolomite, albite A and D
51 x 37 on prismatic faces

D 5.0-6.5

earthed within this period or in the last few years—
some of them might originate from Colombian col-
lections, with samples being kept there for several
years or even decades before they were offered for sale.
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According to the general knowledge of emerald
formation in the various Colombian deposits, all of
the emeralds grew in cavities and were removed by
the miners, either as isolated crystals or in matrix.
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TABLE 1 (continued). Properties of the examined emerald crystals.

Matrix
Sample no.  specimen Emerald crystal . . Crystal facesc  Surface features of .
and locality dimensions dimensions (mm)? Weight and habit emerald crystals Remarks Figures
(mm)
Three aggregates of
Crystals on  nine, eight, or three . Indentations on c of all  Associated minerals:
. c,m,a; B ) > 12Cand 13,
13: Chivor gray shale, parallel crystals; 31.1g crystals, growth steps calcite, dolomite, albite,
columnar 1 " . B and C
44 x 29 largest L 16.5, on prismatic faces pyrite
D 6.5-7.5
. Crystal on L 6.3, c,m,a; Deep indentations on c, Associated minerals:
14: Chivor  black shale, 146g growth steps on ; . . 14
D 3.8-6.0 columnar . X calcite, albite, pyrite
49 x 22 prismatic faces
. .. Deep indentations on c,
15: Chivor — L 374, 17.24ct Ml 515 growth steps on Color zoning 15
D 6.6-7.1 columnar . .
prismatic faces
L10.8 c,m,a s, p;, Open cup, growth steps Irregularly shaped
16: Chivor — Y 6.37 ct M s, pro P P, 8r¢ PS5 hillocks and columns in 16
D 7.3-8.7 columnar on prismatic faces cup
cup 1: L 5.5,
D 2.5-3.0
Five crystals cup 2: D 3.0 Ass.oaated.mmergls:.
. on black shale; 1 1: Open cups, growth alib|te, calcite, pyrite;
17: Chivor ¢ crystal 1: 1L 12.0, 4.5¢g ¢, m; columnar ’ irregularly shaped 2 and 17
26 long, 11-20 D2.0 steps on m ] .
: ° hillocks and columns in
wide both
crystals 2 and 3 oth cups
are smaller
crystal 3: L 3.8
. Open cup, openings Irregularly shaped
18: Chivor — L 19.6, 13.58ct MA@ UP S G50 in p, growth steps  framework of walls in 18
D 9.2-10.0 columnar . .
on prismatic faces cup
gy L 3.0and 7.8, c,m,aiup,s, Internal channels filled
15l o D 7.3-7.5 2.68 ct f, k; columnar il e with fine-grained beryl 19
L13.0 Pyrite at the bottom of
20: Chivor — o 1.96 ct c,m,p Partial cup the cavity, internal 20, left
D 3.5-4.5
channels
s L 9.0, . Pyrite at the bottom of .
21: Chivor — D 4.0-5 5 1.41 ct c,m, a Partial cup the cavity 20, right
c,m,a; . .
ro . Slightly conical tube
22: Chivor — L 144, 1.63 ct elongated Ftch pits and grooves along the c-axis through 21 and 22
D 3.4-4.4 columnar, on prismatic faces

slightly conical

the complete crystal

2| represents the length of the emerald crystal, D represents measurements of diameters between two m prismatic faces.

bWeights of samples with emerald crystals in matrix are given in grams; weights of isolated emerald crystals are given in carats.

Based on a cell with a:c ratio of 1:0.996; basal pinacoid ¢ {0001}, first-order hexagonal prism m {1010}, second-order hexagonal prism a {1120}, dihexagonal prism
i {2130}, first-order hexagonal dipyramids p {10712} and u {1071}, second-order hexagonal dipyramids s {1122} and f {3362}, and dihexagonal dipyramid k {2131}.

For the evaluation of growth history, it is impor-
tant to look at all morphological features of a sample
as a summary and not only at isolated crystal faces.
The morphology of the samples was examined visu-

MORPHOLOGY OF COLOMBIAN EMERALD

ally, and crystal faces were determined by goniomet-
ric measurements and/or by the measurement of an-
gles between crystal faces in the microscope.

The samples were studied exclusively by nonde-
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structive methods, especially by optical microscopy
at low magnification (up to 80x). A few transparent
samples of appropriate size were also examined in
immersion using benzyl benzoate as the immersion
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Figure 3. Morphology of
Colombian emeralds
observed in the present
study. A-D: Most sam-
ples show dominant m
prism and basal c faces;
occasionally we also
observed smaller a
prism faces in combina-
tion with s, p, and u
hexagonal dipyramids.
E: Furthermore, two of
the crystals showed ad-
ditional small i prism
faces in combination
with f and k dipyra-
mids. Drawings by K.
Schmetzer.

liquid. For such rare materials (isolated emerald crys-
tals or matrix specimens), no destructive techniques
(e.g., slicing or polishing of the crystals) could be ap-
plied nor any coating of the samples for an investiga-
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tion at higher magnification in the scanning electron
microscope.

In one sample, the identity of the substances filling
the growth tubes was determined by a combination of
X-ray diffraction (using a Bruker D8 Advance Eco X-
ray diffractometer), energy-dispersive X-ray fluores-
cence (EDXRE, using a portable Bruker Tracer II-SD
EDXREF analyzer), and Raman spectroscopy (using an
Ahura First Defender portable Raman device). Part of
the filling could be removed easily with a needle and
was made available in that way for examination.

RESULTS AND DISCUSSION

General Aspects. Some general aspects of crystal
morphology will be described first, which can help
to characterize the individual samples.

Morphology. Most isolated emerald crystals were
slightly distorted (e.g., with different diameters meas-
ured between opposite prisms) but with clearly de-
fined faces. Nine of these crystals were columnar to
prismatic, and six were conical, some of them with
prismatically developed areas. The emeralds on six
of the seven matrix samples showed columnar to
prismatic habit, and only one crystal on matrix was
tabular with significant differences of thickness be-
tween prism faces in different directions.

Idealized crystal drawings are presented in figure
3. Considering the columnar to prismatic crystals
and the tabular crystals in our sample set, dominant
crystal faces were the first-order hexagonal prism m
{1010} and the basal pinacoid ¢ {0001}. These were fre-
quently in combination with a smaller second-order
hexagonal prism a {1120}, and/or first-order hexago-
nal dipyramids p {1012} and 1z {1011}, and/or a second-
order hexagonal dipyramid s {1122}. In addition, two

crystals showed small dihexagonal prism faces i
{2130}, in combination with the second-order hexag-
onal dipyramid f {3362} and the dihexagonal dipyra-
mid k {2131}. The faces determined on conical or at
least partly conical crystals were identical to those
observed on all other emeralds.

So far, the morphology is consistent with the pub-
lished literature data above and information deter-
mined from photos of Colombian emerald crystals in
numerous publications. The two dipyramids f and k
are rarely found in Colombian samples, as previously
mentioned by Vrba (1881).

Growth Features on Crystal Faces. Numerous
Colombian emerald crystals from the present study
showed growth features on crystal faces, especially
elongated stepped surface structures on m prism
faces (figure 4, A and B). These as-grown surface fea-
tures represent layered growth in subsequent growth
steps and resemble contour lines in topographic
maps. In sample 1 shown in figure 4, different layers
are already seen with the unaided eye, but normally
the steps between subsequent layers are smaller and
need examination by optical microscopy. To best ob-
serve the layered surface structures with optical mi-
croscopy, reflected light is ideal (figure 4C). Similar
growth layers on the basal pinacoid of the majority
of Colombian emeralds, if present, are less pro-
nounced and often not observable at the magnifica-
tion applied in this study.

These observations are consistent with the exist-
ing literature about growth mechanisms of beryl crys-
tals. Similar stepped growth layers of surfaces of beryl
crystal faces have been described by various authors
(von Kokscharow, 1881; Himmel and Schmidt-Zittel,
1927; Griffin, 1951a,b; Seager, 1953; Grigor’ev, 1965;

Figure 4. A and B: In sample 1 (11.8 mm in length), stepped surface structures on different prismatic m faces of a
Colombian emerald crystal represent layered growth in subsequent growth steps. C: Best observation of such lay-
ered stepped growth structures is achieved in reflected light. Photos by G. Martayan (A and B) and K. Schmetzer
(C; field of view 6.0 mm).

R
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Figure 5. Sample 2 (18.0 mm in length), a columnar emerald that has been heavily corroded by natural etching. A:
The basal plane shows irregularly shaped openings to larger cavities below this face. B: The m prism planes show
etch structures, especially irregularly oriented grooves between hillocks. C: Details of the etch structures with
grooves and hillocks, seen on the m prism face in image B, which are covered by micro-steps as seen in reflected

light. Photos by K. Schmetzer; field of view 3.5 mm (C).

Sinkankas, 1981; Sunagawa and Urano, 1999; Suna-
gawa, 2003; Demianets et al., 2006).

Characteristics of Individual Groups of Samples with
Respect to Growth or Post-Growth Surface Patterns.
Emeralds with Dissolution Features. A group of
three samples with “common” habit (samples 2, 3,
and 4) showed pronounced dissolution features with
partially dissolved (corroded) crystal surfaces. In the
groups describing samples with extraordinary and
rare habits in the following sections, some emeralds
that have undergone dissolution are also mentioned.
To understand the various observations, one general
aspect should be mentioned at the beginning of this
section: Some of the crystals examined in this study
show strong etching and dissolution features only at
part of the surface. This indicates that only these
parts of the emerald crystals were exposed to the ag-
gressive dissolution fluid and the other parts of the
crystals were shielded from the fluid. It can be as-
sumed that such shielding processes were caused by
different minerals of the assemblage found in Colom-
bian emerald deposits, which were in close contact
with the emeralds’ as-grown surfaces (crystal faces).
In the present state, these minerals are at least par-
tially dissolved or broken away, now exposing the
crystal faces of the emeralds for visual examination.

Sample 2 (figure 5A) with columnar habit (see fig-
ure 3B) shows distinct corrosion features. The basal
face reveals several irregularly shaped openings to a
cavity below this plane, which is larger than the open-
ings, extending widely into the crystal. Prism faces
are completely covered by etch structures (figure 5B).
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Between the deep irregular grooves, small hillocks are
observed that show micro-steps on the surface (figure
5C). These micro-steps resemble the pattern pro-
duced as fine structure in etch pits by artificial disso-
lution of beryl crystals (see box A). It is unknown and
must be examined in additional samples, which are
not available at the moment, whether this pattern
and the form of the irregularly shaped grooves are re-
lated to the common inclusion features of Colombian
emerald (e.g., feathers and healed fractures).

Sample 3 with tabular habit shows a completely
and irregularly dissolved surface of the m prism, but
the smaller a prism is not corroded (figure 6A). Only
small parts of the original surface of the m prism are
still present, reflecting under appropriate illumina-
tion (figure 6B). In this case, we can speak of a pre-
ferred dissolution of the m prism compared to the a
prism face. The basal face shows irregularly termi-
nated openings to deep cavities, but part of this face
contains no dissolution features (figure 6C), and
therefore it might be concluded that this face was
shielded by minerals from the dissolution fluid.

Sample 4 shows long prismatic habit with first-
and second-order m and a prism faces (figure 3A). To-
ward one end of the crystal, the prism faces show
growth steps of an almost undistorted surface (figure
7A). This part represents about one-third of the
length of the crystal. The remaining part is exten-
sively etched, deeply corroded on m faces and to a
much lesser extent on a prism faces (figure 7, A and
B). In some areas, the m prism faces are completely
dissolved to an area with numerous grooves and
hillocks. In contrast, we observe highly reflective
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Figure 6. A: Sample 3 (23.6 mm in length), a heavily corroded emerald crystal with a completely dissolved surface
related to the m prism face, but with a small protruding area related to the a prism that is almost free of corrosion.
B: Only small areas of the original surface of the m prism are still reflective. C: The ¢ basal pinacoid reveals irregu-
larly shaped holes leading to cavities below this face. Photos by G. Martayan (A and C), and K. Schmetzer (B);

field of view 7.6 mm (B).

ledges of the a prism protruding from the dissolved
m growth sectors (figure 7B). This indicates that, as
also observed in sample 3, the a prism sectors were
less intensely corroded. At the end, one basal pina-
coid is only influenced slightly or not at all by corro-
sion, while the other basal plane on the other end of
the crystal is heavily dissolved (figure 7, C and D).
Evaluation. Comparing these observations with
descriptions from the known literature (box A), it is

MORPHOLOGY OF COLOMBIAN EMERALD

concluded that samples 24 have undergone a heavy
natural dissolution process in which the original sur-
faces of the crystal faces were partially or completely
dissolved by natural etching. In other words, the pat-
terns observed in our Colombian samples are related
to intense natural etching processes causing at least a
partial dissolution of the as-grown crystal faces and
creating deep cavities and irregular grooves between
hillocks with stepped surfaces. All three crystals show

Figure 7. Sample 4 (31.1
mm in length), a
columnar emerald that
has been heavily cor-
roded by natural etch-
ing. One end of the
crystal (A, upper left)
still shows natural crys-
tal faces, while the rest
of the sample shows
completely dissolved m
prism faces (A and B)
and highly reflective
but still undissolved
smaller a prisms (B). At
one end, the basal face
is only slightly corroded
(C), while the basal
face at the other end of
the crystal is heavily
corroded (D). Photos by
K. Schmetzer; field of
view 9.5 mm (C and D).
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various dissolution features on different surfaces.

Sample 4, for example, shows heavy dissolution from
one end with a dissolved basal ¢ face to almost two-
thirds of its length, while the other end with basal ¢
face to about one-third of its length is barely affected.
In samples 2 and 3, it seems that the basal ¢ faces were
partially shielded from the dissolution fluid.

An emerald with pointed forms (sample 10)
caused by natural etching will be described in the
next section.

Emerald Crystals with Conical Habit or Conical
Zones. Several samples showed, at least partly, a con-
ical habit, comparable to six-sided pyramids.
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Figure 8. A: Emerald
crystals with pyramidal
or partly pyramidal
habit: sample 5 (left,
10.0 mm in length),
sample 7 (center, 8.8
mm in length), and
sample 6 (right, 8.8 mm
in length). B: Surface
texture of the pyrami-
dal emerald crystal
(sample 5) showing
growth lines related to
the basal pinacoid c
(center) and pyramidal
faces p (Ieft and right).
C: Complex surface tex-
ture of a partly pyrami-
dal, partly prismatic
crystal (sample 7)
showing a complex pat-
tern related to pyrami-
dal faces (lower part)
and to basal, pyrami-
dal, and prism faces
(upper part). The
growth direction of the
crystals shown in A-C
is always from the bot-
tom to the top. Photos
by G. Martayan (A) and
K. Schmetzer (B and C);
fields of view 2.4 mm
(B) and 2.4 mm (C).

Referring to the observations made in this study
for samples 5-10, the authors must underscore that
with the optical methods applied, we only can de-
scribe the features representing the last stage of
growth and/or dissolution.

Three relatively small emerald crystals, desig-
nated samples 5, 6, and 7, show the habit of a six-
sided pyramid or the habit of a six-sided pyramid
combined with a six-sided prism (figure 8 A). The sur-
face texture of the pyramidal sample 5 shows growth
steps related to basal and pyramidal growth layers
(figure 8B). The basal growth layers are visible as stri-
ations perpendicular to the c-axis, which indicate al-
ternating basal and dipyramidal faces. The surface
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texture of samples 6 and 7 is more complex. In the
pyramidal parts, growth steps related to basal and py-
ramidal layers are seen; in the prismatic parts, the
crystals show textures related to basal, dipyramidal,
and prism faces (figure 8C). These observations were
confirmed in immersion with transmitted light (not
shown). In the conical parts of all three samples, no
growth layers related to prism faces were developed.
In contrast, the prismatic parts of samples 6 and 7 are
quite “normal,” with growth zones related to basal,
pyramidal, and prismatic faces.

Sample 8 consists of a conical and a tabular part (fig-
ure 9). At the upper (conical) end of the crystal, we ob-
serve a perfect basal face in combination with part of
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the m prism faces and s and p dipyramids (see figure
3C). Next to this end of the crystal, we observe a con-
ical part, followed by a tabular area. The diameter of
this tabular area is slightly larger than the crystal’s di-
ameter at the upper end. Growth steps are found on
the surfaces of the conical area (figure 9C) and on the
tabular part. Only the outer area of the tabular part
contains growth channels (hollow tubes) parallel to the
c-axis. In transparent areas of the conical part, internal
growth planes parallel to the basal pinacoid ¢ and par-
allel to two hexagonal dipyramids p and u are observed
in immersion (figure 9D). These features indicate
growth in subsequent layers, but without development
of prismatic growth sectors in this area of the crystal.

Figure 9. A and B: Sam-
ple 8 (9.8 mm in length),
an emerald crystal with
conical shape and a tab-
ular part, with a pyrite
crystal attached to the
tabular part. C: Growth
steps on the surface of
the conical part of the
crystal. D: Viewed in
immersion, internal
growth planes parallel
to the basal face c and
parallel to the hexago-
nal dipyramids p and u,
as well as a three-phase
inclusion with two salt
cubes and one gas bub-
ble in a liquid-filled
cavity (arrow); the c-
axis runs vertically.
Photos by K. Schmetzer;
fields of view 5.7 mm
(C) and 2.2 mm (D).
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Sample 9 is of conical shape. At the upper (wide)
end of the crystal, we observe a perfect basal face in
combination with part of the m prism faces and s and
p dipyramids (figures 3C and 10A). The m prism faces
reveal growth steps (figure 10B), while the conical
part is covered with finer surface structures. We ob-
serve irregularly shaped grooves, hillocks covered by
micro-steps, and openings of deep cavities or inden-
tations (figure 10C). Comparing these surface tex-
tures with those of corroded emerald samples 2, 3,
and 4, these parts of sample 9 were exposed to an ag-
gressive fluid causing dissolution. Within some of
the indentations mentioned, residual dark gray car-
bonaceous material is captured (figure 10D).

Sample 10 shows an even more complex mor-
phology. The crystal consists of a conical part that is
followed by a prismatic part at the lower end of the
crystal (figures 1 and 11A). The prismatic part is nar-
rower than the conical part at its upper end. The sur-
faces on both parts show growth steps (figure 11, B
and C). Protruding from both parts are two areas with
extensions of growth sectors confined by the second-
order hexagonal prism a, which are as thick as the
upper end of the conical part (figure 11A). The basal
pinacoid is covered by tiny pointed hillocks (figures
1 and 11D). By varying the crystal’s orientation with
respect to the light source, positions can be found
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where multiple small crystal faces covering different
hillocks reflect light simultaneously (figure 11D).

Evaluation. The growth history of natural beryl
crystals frequently shows multiple subsequent
growth steps that might be separated by partial dis-
solution from natural corrosion and etching. The dif-
ferent steps of growth history of such samples have
been characterized by a combination of optical and
X-ray topography methods, especially for oriented
slices of the original crystals (Scandale et al., 1990;
Sunagawa and Urano, 1999; Sunagawa, 2003).

In our study, all samples of this group show one
common morphological feature: a tapered appear-
ance, at least in parts of the crystal. This feature is
caused by a growth process in which no prismatic
growth sectors were developed during crystal growth.
This indicates that the conical appearance is caused
by basal and pyramidal sectors growing together,
which are seen on the surface of the crystals in re-
flected light or in immersion in transmitted light. In
the conically developed sample 5, we observe only
such basal and pyramidal growth layers. Samples 6
and 7, in addition to a conical part, developed pris-
matic parts in later growth stages (see again figure 8).

Samples 8, 9, and 10 are emerald crystals with an
even more complex growth history. In all three sam-
ples we observe growth stages in which basal and

Figure 10. A: Sample 9
(20.8 mm in length), an
emerald crystal with coni-
cal shape, with basal pina-
coid ¢, small m prism

¢ faces, and hexagonal s
dipyramids. B: Growth
steps on the surface of one
of the m prism faces,
viewed almost perpendicu-
Iar to the c-axis. C:

. Hillocks with fine micro-
steps between irregularly
shaped groves on the sur-
face of the conical part. D:
Residual dark gray car-
bonaceous material cap-
tured in indentations on
the surface of the conical
part. Photos by K. Schmet-
zer; fields of view 4.5 mm
(B), 3.5 mm (C), and 7.6

| mm (D).
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conical

a

dipyramidal growth sectors were developed, but
without development of related prismatic growth
layers. These growth stages without formation of
prismatic growth layers apply at least to part of the
crystal’s growth history.

In the tabular area of sample 8, we observe growth
channels parallel to the c-axis, which were not seen
in the tapered part of the crystal. The diameter of the
tabular area is larger than the diameter of the conical
part at its upper end. This might indicate a later par-
tial overgrowth of a crystal with conical habit and,
in this later growth period, the development of a tab-
ular area, on top of the tapered part of the crystal (see
again figure 9).

Sample 9, at its wider end, has a short prismatic
area and a long, tapered cone. This cone shows dis-
solution features on its surface. These features indi-
cate an etching process of the conical part after
crystal growth and a subsequent growth step with
the formation of prismatic layers at the end of the
crystal (see again figure 10).

Sample 10 has likely undergone several growth
and corrosion processes. The residual parts of pris-
matic a growth zones and the small pyramids or
hillocks forming the end of the conical part of the
crystal indicate strong corrosion after an initial
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Figure 11. A: Sample 10
(25.0 mm in length), an
emerald with conical habit
in the upper left and pris-
matic habit in the lower
right; the base is covered
with numerous hillocks; a
protrusion at the conical
part represents a growth

¢ sector confined to the prism
' a. B: Stepped surface texture
of the prismatic part. C:
Growth steps at the pris-
matic part (bottom) and the
conical part (top), and the c-
axis runs vertically. D: On
the basal face, the surfaces
of the hillocks consist of nu-
4] merous small faces that re-
flect light; viewed oblique
to the c-axis. Photos by K.
Schmetzer; fields of view
5.7mm (B), 9.5 mm (C),
and 5.0 mm (D).

growth step (see references cited above). Skeletal
growth (see box B and examples below) with pointed
pyramids and sharp hillocks has never been men-
tioned in any beryl and is therefore considered very
unlikely for this morphological structure.

After corrosion, we observe several subsequent
growth steps, in which an area with prismatic growth
layers and the conical zone with basal striations were
developed. Obviously, in one of these growth steps,
only basal growth layers without prismatic areas were
formed. It is not completely understood whether the
prismatic m growth sectors in the lower part of the
crystal were grown before or after the conical zone
with tapered surface of the crystal (see again figure 11).

Emeralds with Incomplete Growth of the Basal
Face. Several variants of incomplete growth of the
basal pinacoid were observed.

Samples 11, 12, and 13 show incomplete growth
of the basal face c, a pattern that could be described
as resembling surface indentations. Sample 11 (figure
12A) is a single emerald crystal on matrix and reveals
well-developed prism and pyramidal faces. Sample
12 (figure 12B) is an aggregate of approximately 11
crystals, grown parallel to each other with somewhat
different lengths. All crystals of this aggregate show
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Figure 12. Emeralds with surface indentations on the basal face, developed as either a single crystal (A: sample 11,
4.1 mm in largest diameter) or as aggregates of parallel emerald crystals (B and C: samples 12 and 13 with crystal
length up to 12.5 mm and 16.5 mm, respectively). Photos by G. Martayan.

incompletely developed ¢ faces. Sample 13 (figure
12C) is similar to sample 12, but with three such ag-
gregates consisting of approximately nine, eight, and
three emerald crystals. All basal faces have a stepped
micro-texture consisting of numerous layers stacked
parallel to the c-axis of the emerald crystal (figure 13,
A-C). These structures occasionally end at the level
of the horizontal surface of the rim, but some columns
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or other structures have different heights within the
rim. In addition, all three samples have a step-like tex-
ture on prism faces and no etch features. A represen-
tative example of that pattern is shown in figure 13D.

Samples 14 and 15 show somewhat deeper inden-
tations on the basal faces. Sample 14 has an almost
continuous rim parallel to the basal face and inside
several hillocks within the indentation zone (figure

Figure 13. A-C: The
stepped micro-texture
of emeralds with in-
completely developed
basal planes shows
stacked layers parallel
to the c-axis. D: Growth
steps on the m prism
face of one of the crys-
tals in figure 12B.
Shown here are sample
12 (A and D) and sam-
ple 13 (B and C). Photos
by K. Schmetzer; fields
of view 11.5 mm (A),
7.6 mm (B and C), and
4.6 mm (D).
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14, left). Part of these hillocks in the form of tiny
columns end with faces parallel to the base (figure
14, right), but lower than the horizontal surface of
the rim, which is formed by the incomplete basal
face of the crystal. Sample 15, with similar appear-
ance, shows an almost colorless region that ends in
a basal face with indentations (figure 15A). The end
of the crystal with these indentations is separated
from the main part by a small zone with intense
green coloration (figure 15B). This demonstrates that
at the beginning of the growth of this zone with a
length of about 1.5 mm along the c-axis, growth con-
ditions were different compared to the earlier growth
stages. Hollow channels parallel to the c-axis are
found in all parts of the crystal. The areas parallel to
the basal face show growth steps (figure 15C).
Several crystals were formed as “emerald cups.”
Sample 16 is a crystal with columnar habit in the
form of an open cup. The morphology consists of

Figure 14. Left: Sample 14
(6.0 mm in largest diame-
ter), a crystal with an al-
most continuous rim
surrounding growth areas
ending in small basal faces,
but at a different height
along the c-axis compared to
the horizontal surface of the
rim. Right: Reflective areas
of the rim and the small
columns inside this rim end-
ing in tiny crystal faces par-
allel to the basal pinacoid.
Photos by G. Martayan (Ileft)
and K. Schmetzer (right).

first- and second-order prism faces in combination
with first- and second-order hexagonal dipyramids
(figure 3C and figure 16, A and B). The m prism faces
are planar; no growth steps or etch features were vis-
ible in the optical microscope with the magnification
applied. The wall thickness of the cup varies between
0.8 and 1.4 mm. Irregularly shaped hillocks or
columns cover the bottom of the cup, which forms a
clear boundary with the other part of the crystal (fig-
ure 16C). In a view parallel to the c-axis, a micro-
structure is observed forming a three-dimensional
framework of walls, columns, and hillocks at the bot-
tom of the cavity (figure 16D). Part of the columns
or irregular walls end in planar faces parallel to the
basal pinacoid (figure 16, A and B).

Sample 17 is a piece of black shale covered by al-
bite, calcite, and pyrite crystals. Embedded in this
matrix are five emerald crystals (figures 2 and 17A).
Two of these are columnar and hollow, forming deep

Figure 15. A: Sample 15 (37.4 mm in length), an emerald crystal with color zoning; at one end, the sample reveals a
continuous rim surrounding growth areas ending in small basal faces. B: Growth and color zoning (arrows) of the
crystal along the c-axis. C: Areas of the rim and small columns inside the rim with planes parallel to the basal pina-
coid appear bright in reflected light, viewed parallel to the c-axis. Photos by K. Schmetzer; field of view 3.6 mm (C).
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Figure 16. A: Sample 16
(10.8 mm in length), an
emerald crystal devel-
oped in the form of a
cup. B: The basal plane
of the cup reflects to-
gether with the basal
faces of small hillocks
or columns in the cup.
C: The bottom of the
cup is located in the
upper half of the crys-
tal, as indicated by ar-
rows. D: Framework of
irregular hillocks,
columns, and walls on
the bottom of the cup
in a view parallel to the
c-axis. Photos by G.
Martayan (A) and K.
Schmetzer (B-D); field
of view 4.6 mm (D).

cups with one open end (figure 17B). The cups have space of the cups with irregularly shaped planes.
a wall thickness of approximately 0.5 mm. The bot-  Other planes at the ends of the tiny crystals in the
tom of each cup is covered with emerald hillocks or  hollow cups reflect together with the residual basal
columns, which frequently end within the hollow face of the rims (figure 17C), indicating that some of
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Figure 17. A: In sample 17 (26
mm Iong), a base of black
shale (not visible) is covered
with albite, calcite, and pyrite
crystals. In this matrix, five
emerald crystals are embed-
ded, two of them as deep cups
(center) and three as “nor-

#% mal” emeralds (lower right

and left). B: Details of the two
emerald cups (5.5 mm long on

y the right). C: In reflected

light, the basal plane of one

¢ cup appears bright together

with the basal faces of small
hillocks or columns in the

| cup. D: Growth steps on the

surface of one m prism face of
a cup. E: Growth steps on the
surface of the m prism face of

{ a “normal” emerald crystal.

Photos by K. Schmetzer (A,
C-E) and G. Martayan (B);
field of view 7.6 mm (C-E).
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the hillocks or columns also end in faces parallel to
the basal pinacoid. The m prism faces of the cups
show growth steps (figure 17D).

The three other emerald crystals are “common”
columnar crystals with prismatic and basal faces (fig-
ure 17A), which also show growth steps on m prism
faces and no etch features (figure 17E).

Sample 18 is the largest crystal, in the form of a
deep open cup (figure 18, A and B). Morphologically,
the columnar and somewhat distorted crystal shows
several prism faces and hexagonal dipyramids (see
figure 3, C and D). The main opening at one end is in

Figure 18. A and B: Sam-
ple 18 (19.6 mm in
length), an emerald crys-
tal developed in the
form of a deep cup. B
and C: Openings at one
end are developed in the
basal pinacoid but also
in the largest p dipyra-
mid (arrows); within the
cup, a framework of ir-
regularly shaped thin
emerald walls is present.
D: The crystal faces at
the inner surface of the
wall are oriented paral-
lel to the outer prism
faces. E: Growth steps
on the surface of an m
prism. Photos by K.
Schmetzer; fields of view
11.5 mm (D, vertical)
and 5.1 mm (E).

the basal pinacoid, but holes are also developed in the
largest p dipyramid (figure 18C). The cup’s wall
thickness ranges from 1.5 to 2.0 mm. Within the cup,
a framework of irregularly shaped thin emerald walls
is present (figure 18, B and C). The main walls of the
inner surface of the rim are oriented parallel to prism
faces (figure 18D). The outer m prism faces are cov-
ered by growth steps (figure 18E).

Sample 19 is considered to be a half cup. Formally,
the sample is described as a crystal formed of two
parts. The first part shows platy habit, with two basal
¢ faces and m, a, and i prism faces (figure 19A). On

Figure 19. A: Sample 19 (7.8 mm in length), an emerald crystal in the form of a half cup developed with two parts:
as a platy part with lower and upper basal pinacoid (white arrows) and an upper curved rim surrounding about
half of the area of the platy part; this rim is terminated by a small basal face (red arrow). B: Stepped surface of the
basal face on top of the horizontal surface of the rim. C: View of the inner surface of the circular rim on top of the
platy part, in this orientation with reflective steep k hexagonal dipyramids, the elongated cavities are filled with
fine-grained white beryl. Photos by G. Martayan (A) and K. Schmetzer (B and C); field of view 14.5 mm (B).
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the upper side of the first part of the crystal, a curved
rim is formed that encircles about half of the area
formed by the prism faces of the first part. This rim
is considered to be the second part of the crystal. On
top of this rim, we observe a small area with a
stepped surface in an orientation parallel to the basal
pinacoid (figure 19B). We can consider this to be the
end of the second part of the crystal.

The other faces of the outer surface of the rim are
the already mentioned prism faces m, g, and i in com-
bination with 1, p, s, f, and k dipyramids. Not only are
the f and k dipyramidal faces rarely observed in
Colombian emerald, but they are also rarely observed
in the mineral beryl as a whole. These faces are steeper
than the commonly observed u, p, and s dipyramids
and are inclined 18.2° and 18.5° to the c-axis. The open
structure of the rim allows us to determine the faces
at the inner surface of this rim, which are the common
prism faces in combination with the two steep dipyra-
mids f and k (figure 19C). The open cavities formed at
the inner surface of this rim, elongated parallel to the
c-axis, are partially filled with a white fine-grained ma-
terial, which was determined to consist mainly of
beryl with small admixtures of quartz and albite (iden-
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tified by a combination of X-ray diffraction, EDXRF,
and Raman spectroscopy).

Samples 20 and 21 are also incomplete cups with
only partially developed walls or rims. In both sam-
ples, the bottom of the internal cavity is filled with
pyrite crystals, surrounded by an incomplete circle
of walls (figure 20). In sample 20, the outer m prism
faces show growth striations parallel to the c-axis,
and the internal surface of the walls displays open
channel structures, comparable to the open channels
observed in sample 19. The outer and inner surfaces
of the rim in sample 21 are completely flat.

Emerald Crystal with an Internal Channel. Sample
22.is an elongated tube that is open at both ends. From
top to bottom, the external form of the tube is slightly
conical, and the channel inside it is also wider at one
end, following the external form of the tube (figure 21).
The tube was cut at the thinner bottom of the sample,
showing a hole with a small diameter (figure 21, left).
This indicates that the original crystal might have
been closed at its end. At the other end with the larger
opening, the thickness of the tube walls ranges from
about 0.2 to 0.6 mm, with an opening between 2.5 and

Figure 20. Emerald crys-
tals in the form of in-
complete cups with
pyrite crystals at the
bottom of the cavities,
which are surrounded
by incomplete rims.
Sample 20 on the left is
13.0 mm in length, and
sample 21 on the right
is 9.0 mm in length.
Photos by G. Martayan.
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3.5 mm in diameter. The diameter of the channel
through the crystal at the other end is approximately
1.0 mm. Outside, the tube is terminated by m prism
faces, which show etch features—i.e., the original sur-
face of the tube is partially dissolved (figure 22). The
horizontal part of the wall or rim oriented parallel to
the basal pinacoid (see figure 21B) reveals small pits,
most likely due to etching.

Evaluation. Samples 11-21, all originating from
Chivor, show the same phenomenon: incomplete
growth of the basal face, but with a different degree
of development. In general, our Colombian samples
display an upper rim surrounding indentations (see
again figures 12 and 13) and somewhat deeper depres-
sions (figures 14 and 15) or somewhat higher walls or
rims surrounding deeper cavities (figures 16-20). In
other words: The patterns observed in cups of various
depths in samples 16-21 or in emeralds with deeper
indentations of basal faces in samples 14 and 15 re-
flect deeper indentation patterns on basal planes than
those observed in samples 11-13.

MORPHOLOGY OF COLOMBIAN EMERALD

Figure 21. Emerald crys-
tal (sample 22, 14.4 mm
in length) in the form of
a slightly conical hol-
low tube (left), with
openings at both ends
(right). The lower end of
the crystal (right, inset)
was cut artificially and
shows a hole (arrow).
Photos by K. Schmetzer.

The rims or walls end with faces oriented perpen-
dicular to the c-axis, and the outer surface of the
rims are formed by various prismatic and pyramidal
faces. The inner surface of the walls or rims are
formed by the same faces, mainly first- and second-
order prism faces and occasionally in combination
with steep dipyramids. This means that the outer
and the inner outlines of the skeletal beryl walls are
parallel to prismatic and steep dipyramidal faces.
Within these depressions or cavities, we observe ir-
regular walls or columns, which end at different
heights in the cavities with small basal faces. In
samples 15 and 16, it is clearly indicated that the
inner bottom of the cavities is confined to a zone of
strong color zoning, which indicates a change of
growth conditions at this stage of crystal growth (see
again figures 15 and 16).

Considering the patterns described for beryl with
skeletal and polygonal growth (box B), we conclude
that the morphology seen in Colombian emerald
samples 11-19 can be understood as a combination

Figure 22. The surface of
sample 22 is partially dis-
solved by corrosion—i.e.,
no clear reflective plane is
seen. The same area of the
crystal is shown in trans-
mitted light (left) and in
reflected light (right). Pho-
tos by K. Schmetzer; field
of view 9.5 mm.
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of both growth phenomena: skeletal growth of the
walls and polygonal growth of columns and walls in-
side the cavities. Or we could describe the pattern
observed as the growth of a dominant wall and the
growth of small columns or pyramids within the area
surrounded by the rim. Samples 20 and 21 clearly
show inhibited growth of emerald (skeletal growth)
due to pyrite obstacles, forming cavities with incom-
plete walls.

Sample 22, the elongated emerald tube, also origi-
nates from Chivor. Considering samples 11-21 and
the heavily corroded samples 24, our understanding
of etch patterns in beryl (summarized in box A), and
our knowledge about the surface structure of non-cor-
roded emerald crystals (sample 1, figure 4, and other
examples in this paper), we interpret the growth his-
tory of this sample as skeletal growth followed by
etching and partial dissolution of the outer and inner
faces of the crystal, i.e. the outer and inner surfaces of
the walls, but with no regrowth after etching.

Pignatelli et al. (2022) explained the growth of
several Colombian emeralds developed as cups with
conical or prismatic shape simply as etching
processes, without taking skeletal growth into con-
sideration. While we take into consideration a com-
bination of skeletal growth and post-growth etching
for one sample (see description and growth evalua-
tion of sample 22), we cannot support the idea that
all growth structures and morphological patterns of
samples 11-22 are due to “simple” etching processes.
We conclude that, for samples 11-21, they are not
even partly related to etching processes.

To support our conclusions with further argu-
ments, we observed several growth features in this
group of samples that are not consistent with the
idea of etching, starting at an as-grown basal plane.
In other words:

¢ Etching would not create internal prism faces,
which form the dominant pattern of inner sur-
face of the circular rims.

¢ Etching would not stop and form the bottom of
cavities just at the height of a strong color zon-
ing along the c-axis of the crystals.

¢ Etching would form stepped surfaces and cavi-
ties, but in our samples we observe instead the
presence of small basal faces at the end of pyz-
amids or columns of different height within the
cavities.

e The layered appearance of the surface of the
rim and the m prism faces of the crystals does
not reflect etching structures.
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All these features indicate that the described mor-
phology of this group of crystals cannot be explained
simply by etching processes of the basal face. It can-
not be assumed that the different morphological
forms described are due to etching, starting at one
planar basal face and leaving the rest of the crystal,
especially all prism faces, without any clear sign of
etching.

Comparison with Properties Observed in Cut Stones.
It has already been mentioned in various studies that
the heavily included areas between the transparent
basal and prismatic growth sectors of Colombian
trapiche emerald are intensely corroded (e.g.,
Bernauer, 1926; Nassau and Jackson, 1970; Pignatelli
et al.,, 2015). In general, Colombian trapiche emeralds
consist of a basal growth sector in the form of a ta-
pered core and six prismatic growth sectors. The core
and the six prismatic growth sectors and each of the
prismatic sectors are separated from others by areas
with high concentration of mineral inclusions and
carbonaceous material. The basal growth sector
mainly consists of basal and occasionally of pyrami-
dal growth layers, but without any prismatic growth
areas.

Corrosion, in general, commences at crystal de-
fects that could be lattice defects or areas at trapped
inclusions. Sample 9 described here might represent
the final stage of such corrosion processes. The general
appearance is reminiscent of the central tapered core
of trapiche emerald (figure 23). Furthermore, we ob-
served etch structures and residual dark gray carbona-
ceous material. This indicates that the tapered sample
examined in this paper might be the core of a trapiche
emerald that was separated from its prismatic growth
zones by etching processes. If this interpretation is cor-
rect, the prismatic growth layers at the upper end of
the crystal (see figure 10B) might be understood as
later overgrowth of the tapered crystal.

The irregularly shaped hillocks, columns, or walls
within the cavities of the samples with surface in-
dentations on basal faces—i.e., the emerald cups de-
scribed in samples 11-19—resemble the internal
growth structure found in the so-called gota de aceite
emeralds (figure 24; e.g., Bosshart, 1991; Ringsrud,
2008; Hainschwang, 2008; Schmetzer, 2009; Gao et
al., 2017). An overgrowth of the polygonal patterns
within such a crystal, especially in crystals with shal-
lower indentations as seen in samples 11-13 (figures
12 and 13), in further growth steps would result in
emerald crystals with the characteristic gota de
aceite structural inclusion pattern. It is plausible
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Figure 23. Left: Diagram of a trapiche emerald con-
sisting of two tapered cores representing basal growth
sectors (green) and six prismatic growth sectors (after
Schmetzer, 2019). Right: The outline of sample 9 con-
forms to the shape of one of the basal growth sectors
in trapiche emerald.

that, with changing environmental growth condi-
tions, such further growth steps could take place. A
general scenario with a multistep growth history has
already been proposed by various authors (e.g., G-
belin and Koivula, 2008; Ringsrud, 2009; Schwarz
and Curti, 2020; Sun and Goa, 2022).
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SUMMARY AND CONCLUSIONS

Most Colombian emeralds show a columnar to pris-
matic habit with growth steps or growth layers on
prism faces, which can be seen occasionally even
with the unaided eye. Several groups of samples with
specific morphological patterns on the surface have
been studied and described. However, some of the
samples from our study theoretically could be
grouped into several different categories, simply be-
cause they have undergone several subsequent
growth stages and dissolution processes (e.g., sample
10). Because optical observation allows us to exam-
ine only the last result of such multistep growth
processes, not all morphological features of the emer-
ald crystals in the post-grown and post-dissolved
state can be completely understood.

Heavily etched crystals show dissolved m prism
sectors, whereas the a prism zones are less affected by
the dissolution process. The deep cavities or grooves
seen in the post-growth dissolved state have a stepped
microstructure on m prism faces. The basal pinacoid,
in some cases, reveals irregularly shaped openings to
cavities below that face, but this face may also be dis-
solved in a way to show tiny pointed hillocks. Because
the degree of etching varies within a single emerald
crystal, it is concluded that such samples were par-
tially shielded from contact with other minerals of the
natural assemblage from the etching fluid.

Conically developed emerald crystals, in general,
show only growth layers related to basal and dipyra-
midal growth faces, but no prismatic growth sectors
were developed in such crystals. The morphology of
such samples resembles the basal growth sectors of
Colombian trapiche emerald.

Emerald cups showing a skeletal rim with pris-
matic or dipyramidal faces forming its outer and inner
surface reveal more or less deep indentations on the
basal face. In some cases, the walls or rims form deep

Figure 24. Patterns seen in
faceted Colombian gota de
aceite emeralds display nu-
merous irregular hillocks,
columns, or walls. The left
image is viewed in immer-
sion, parallel to the c-axis.
Photomicrographs by K.
Schmetzer (left) and M.P.H.
Curti, Bellerophon Gemlab
(right); fields of view 1.9 mm
(left) and 1.6 mm (right).
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cavities of prismatic or conical cups or even elongated
central tubes within the crystal. Within the cavities
of these cups, starting from a basal plane growth layer,
we observe tiny columns or pyramidal crystallites,
which frequently end in small basal faces. If such sur-
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