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ABSTRACT
Emerald beryl from Chivor, Colombia, having a ciear central region and a sectored outer
area has been termed "trapiche" emerald. Examination ol a large number of specimens
shows a considerable variation of the internal structure; nevertheless all are single crystals.
Two distinct growth regimes separated by a transition region are indicated: during the
first, the central hexagonal, slightly tapered, clear emerald prism grewl the second involved
the simultaneous growth of emerald and albite from a fluid dose to saturation with respect
to both phases. The outer sectored emerald regions are separated from each other by
emerald intermlxed with large amounts of albite. The transition region between the inner
prism and the outer sectored region also contains large amounts of albite.
A somewhat similar emerald, with a dark inner core and clear, sectored outer region,
occurs at Muzo, Colombia, and can also be explained by two separate growth regimes.

INrnopucrroN
Among the emeralds found in the Chivor, Colombia, emerald mine is
an unusual type known as "Trapiche" (trah-pee'-chay), after the
Spanish word for the sugar cane crushing gear it resembles(McKague
1964).If large enough,such crystalsare cut up for the usablegem-grade
emerald they may contain, if too small, they are generally discarded at
the mine, so that only small quantities of recognizable form are ever
seen.
Descriptions based on examinations of a few crystals each have been
given by McKague (1964), Leiper (1967), and Schiffman (1968). None
of thesehas given any suggestionsof the growth processproducing the
unusual morphology, other than noting an apparent twinning. A similar
emerald from the Muzo Mines, Colombia has been reported (Mufloz,
1948),again without any explanation.
We have examined over a thousand very small Chivor trapiche emeralds and fragments courtesy of A. Fitzgerald Co., New York City, as
well as smaller quantities of larger crystals courtesy of Dr. F. H. Pough
of Santa Barbara, California, Mr. F. P. Yeager of New York City, and
Mr. R. Crowningshield of the Gemological Institute of America, New
York City. Mr. Crowningshieldalso permitted us to examine two rare
crystals from the Muzo district which will be discussedseparately at the
end of this report. None of these specimenswas in matrix.
TnB Cnrvon Eupn.ltn OccunnBNcB
The Chivor Mine, previously also known as the SomondocoMine
after the nearest town, is located in central Colombia, about 90 km
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northeast of Bogota. The area consistsof sedimentaryclay and shaleof
Cretaceousorigin which was highly folded and faulted, containinglenses
of carbonaceousshale.There are severaliron-containingbands with pyrite changingto geothite to hematite. There is also somelimestonein the
area. Fissures and pockets in the clay and shale contain quartz and
pyrite, followed later by emerald and albite. This mineralization is
viewed as originating from deep-seatedhydrothermal solutions.The detailed geologyhas been given by Mentzel (in Rainier, 1940)and Johnson

(1e61).
The term "morralla" is used for a low grade opaque emeraldwhich is
mostly poly-crystalline. The most common inclusions in these chivor
emeraldsare quartz, albite, pyrite, goethite, and, in three-phaseinclusions, halite, a liquid, and a gas (Schiffman, 1968; Johnson, 1961)' A
spectrographicanalysisgiven b1, Johnson(1961)for a pale green crystal
indicated in addition to the expectedBe' AI, and Si, MgO 0.1 to 0'01
percent, FezOa0.001 to 0.0001 percent, and cr2o3, vzor, and Nazo all
less than 0.0001 percent. The water content does not appear to have
been checked.
ExaurNerroN
As shown in Figure 1, the Chivor trapiche emeralds are generally
elongated prisms of roughly hexagonal cross-section.Sizes of specimens
available to us ranged up to f inch long and up to $ inch in diameter, although a specimen 1| inch diameter and 3 inches long has been seen by
R. Crowningshield(this containedgem gradematerial and was scheduled
to be cut up).
There is considerablevariation in the cross-sectionalappearance,and
the photograph of Figure 2 and the schematic drawings of Figure 3
illustrate the range observed.In addition, many intermediatetypes were
seen.As previously noted (McKague, 1964),the central core usually has
a taper. We have observed crystals which at one end may have the
appearanceof Figure 3 B, and the other end may show no central core
at all, as in Figure 3 C. The interior lines and shadedregionsin Figure 3
indicate white to gray opaque material appreciably softer than the emerald and may be stained brown to red by iron on the surface; clear regions
represent more or Iess transparent emerald. The white material may be
q,rit. ttri.k or may form a very thin dividing plane between core and
arms only. There are often feathery extensionsinto the arms' as shown
in Figures 1 to 3. The central core usually contains better gem quality
emerald than the outer regions. The outer clear regions, rvhich we term
arms, have been previously described as trapezohedral (McKague,
1964) or trapezoidal (Schiffman, 1968) prisms' or rays (Leiper, 1967)'
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Frc. 1. Chivor trapiche emeralds.

These reports have shown illustrations of types A, B and E of Figure 3
only. The development shown by the trapiche emeralds conforms to the
six-fold symmetry exceptfor two specimenswhich had one or two arms
appreciably longer than the others. These are included in Figure 1, and
one is illustrated in Figure 3 F.
Powder X-ray diffraction patterns show only emerald (beryl) in the
clear side-armi and central core. The whitish substancein between the
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Frc. 2. Cross-sections of Chivor trapiche emeralds.

side arms of a cr1'stal of type E, of Figure 3 is a mixture of emerald and
albite. A Laue back-reflectiondiffraction pattern on the central core and
on the six side arms shows the single cr1'stalemerald to have the same
orientation, the c-axis being along the hexagonal symmetry axis of the
crystal as expected.
Most surprising,however, is the observationthat the white filling between the arms also givesa single-crystalemeraldpattern, with the same
orientation as the rest of the trapiche, a result which was confirmed on
two other crystals. Accordingly, the trapiche emerald as a whole is a
single crystal of emerald, with light to massive inclusions of albite. The
relative softnessof the white material and the apparent parting (McKague, 1964) are now seenas originating from a weakening of the emerald by the large amount of included albite. Twinning of the emerald does
not seem to be involved. Single crystal diffraction of X rays was not obtained from the albite, presumbaly becauseit is polycrystalline'
Polarized infrared absorption spectroscopic examination using the
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EF
Frc. 3. Schematic cross-sections of Chivor trapiche emeralds.

technique describedby Wood and Nassau (1968) shows the presenceof
appreciable amounts (of the order of l/) ol types I and II water, the
Iatter implying an appreciable alkali content. There is about 10 percent
more water in the outer arms than in the central core of the specimen
examined.
Morn ol GRowrH
The evidenceindicates that growth began with the clear, tapered,
central beryl prism in a normal fashion. After a transition stage which
produced the albite-containing outline of the central core, growth of the
outer sectoredregion is interpreted as the basisof a eutectic type growth
with both beryl and albite growing simultaneously. The beryl grerv
parallel to the faces of the original prism and a two phase beryl-albite
structure grew at the corners.
In the regions of clear beryl outside the central prism there are striations parallel to and perpendicular to the faces of the prisms. These
markings indicate that the lateral faces of the trapiche emeralds grew
with a plane interface. This plane interface moved out parallel to the
original faces of the prism. BecauseoI these markings we have discarded
the possibility that the two-phase region of growth from the corners of
the prism occurred first, followed by a filling-in of the material at the
prism faces.If this had occurred, there would be growth markings out
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from the corners,rather than parallel to the original prism faces. The
growth markings indicate clearly that the two-phasegrowth at the corners did not precedethe singlephase beryl growth of the flat faces but
that the two occurred simultaneously.
During two-phase growth the two phases usually, but not always,
originate from a single pair of nuclei. In the case where a crystal of one
of the phaseswas pre-existing, one would expect, as indeed happened in
this case,that the growth of the beryl phasemaintains the orientation of
the original crystal. This kind of structure commonly occurs in metal
eutectic systems where it has been studied extensively (Kraft, 1963;
Liebmann and Miller, 1963).One of the phasesof the eutetic will grow
from a single crystal of that material. The other phase forms either from
a single nucleus which subdivides extensively or from many nuclei, and
grows in an intimately mixed fashion with the starting phase. Thus the
observation that all of the beryl present in a single trapiche emerald has
the same orientation can be readily accountedfor in terms of the eutectic
growth. Multiple nucleation of the ablite probably occurred since it does
not appear to be all one single crystal. The suggestion of McKague
(1964) that there was a transformation which occurred af ter the growth
of the crystal to produce fine grain beryl is inconsistent with the fact that
the beryl is all of the same orientation.
One of the problems in the morphology of these emeralds is to undbrstand why the two phase growth occurred at the corners of the prism'
During the growth of a polyhedron, the cornersand edgesare in a more
favorable position for diffusion than the centers of the faces. The concentration of rejected speciesshould therefore be highest near the center
of the faces.This effect leads to the well-known hopper growth of crystals
where the corners and edgesof the crystal grow more rapidly, the centers
of the faces becoming hollow and depressed.This diffusion effect also
Ieadsto dendritic types of growth. In the presentinstance,however, the
precipitation of the secondphase occurred preferentially at the edgesof
the crystal. This growth form has been termed "sectored layerite"
(Smith, 1963). The observedmorphology is probably due to the anisotropic growth rate of the crystal. The rapid lateral growth of new layers
which form on the side faces of the prisms suppressedthe growth of the
secondphase at these places. At the corners' however, where the new
Iayers must nucleate, the diffrculty of initiating new lavers permitted the
continued presenceof the secondphase.
A similar phenomenon is observed, infrequently, in snow flakes as illustrated in Figure 4 (Bentley and Humphries, 1962)'The outline of the
growth form indicated by arrow ,4 is the usual mode of growth' The
bumps at the corner of the figure are incipient dendritic growth. The
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stage labelled B indicatesthe growth of a hexagonalfigure with the entrapment of gas at the corners.The instability which occurred at the
corner is similar to the growth of two phasesin the trapiche emerald.In
this snow flake a third stage of growth occurred with spikes, C, growing
at the corners and subsequentfilling-in between the spikes. Here the
growth returned to the more usual growth form, dominated by diffusion
from the corners.The outline of the shape at B, however,and the presenceof the gas bubbles at the corner of the figure indicatesclearly that
here too is a casewhere a secondphasehas nucleatedat the corners.
There are severalother phasespresentin very small amounts as micro-

Frc. 4. Snowflakeshowingseveralstagesof growth(afterBentley
andHumphries,
1962).
scopic crystals in the two-phase region of the emeralds, that is, at the
corners where the albite and beryl are growing simultaneously. The inclusion of the other phasesindicates the complexity of the solution from
which the emeraldswere growing. We have made no attempt to identifv
any of these other phases.
The other problem in the morphology of these emeralds is the nature
of the transition betweenthe inner and outer growth regions.This region
is up to 1 mm thick and containsboth beryl and albite. It is possiblethat
this region was formed as the compositionof the grorvth solution became
depleted in the components of beryl and reached the two-phase berl'lalbite line to produce two-phase growth on the surface of the prism; a
subsequentchangethen led to the sectoredgrowth.
Another possibility which could explain both the initiation and the

TRAPICI.]EEMERALDS

423

termination of the transition region in one mechanism, would be an
abrupt increase in the growth rate. Such a mechanism is well known in
the laboratory (Tiller et at.1953; Miiller and Wilhelm, t964) and has been
described in detail mathematically (Smith et al., 1955)' This process is
usually responsiblefor compositional zoning in crystals grown from multicomponent melts. Briefly, it occurs because the foreign species(in this
case the components of albite) is able to diffuse away from the growing
crystal at slow growth rates. When the growth rate is increasedabruptly,
the distance over which difiusion can occur' 'i-e., the width of the boundary layer around the crystal, decreases.Immediately after the increase
in growth rate, the pre-existing boundary laver cannot diffuse away
rapidly enoughand so the compositionof the rejected species,increases
at the interface. For a short period the excesswill be incorporatedas a
separate phase within the growing crystal until the boundary layer
around the crystal is reduced to the thickness characteristic of the new
growth rate, which then yields the sectored growth in the case under
discussion. The transition layer would then be produced during the
brief interval when the boundary layer is becoming thinner by diffusion,
a period estimated to last no more than a few minutes if one usesdiffusion coefficientsappropriate for normal hydrothermal systems.The more
viscous the system, the longer a transition period could be involved'
In the absenceof detailed knowledge of the local conditions at chivor
it is not possibleto suggestdetailed parametersinvolved in the various
stagesof the growth of trapiche emeralds. It is likely that the transition
occurred at the same time throughout the relatively restricted area in
which this type of emerald is found. This is consistent with the fact that
the transition from the central prism occurs at different stagesduring the
growth of various trapiche crystals. If the transition were due to some
growth property of the beryl then we would expect them all to grow to
some particular size before the transition occurred,but this is not the
case. Furthermore, none of the emeralds exhibit more than one discontinuity in the growth characteristics,except, of course,for the initiation and termination of growth. It seemslikely that these emeralds were
all growing at the same time in the same or similar environments in a
relatively small region,possiblyonly a part of the Chivor mine.
Muzo TneprcgE EMERALDS
The zoning arrangement of Muzo trapiche emeralds is quite different
from the chivor samples,yet a somewhat similar situation does exist. we
have examined two specimensof this rather rare material, and have
found only one referenceto it (Muaoz, 1948).
The Muzo, Colombia, mining district is about 40 km NW of Chivor'
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Frc. 5. Muzo trapiche emerald.

The geologicalenvironmentis somewhatsimilar to that of Chivor, except
that essentially all the shale is black with a high carbon content; there is
also much calcite, dolomitic limestone, and pegmatitic bodies in the
Villeta formation (Oppenheim, 1948). Emerald occurs in the shale or
calcite layers in the Viletta formation associatedwith calcite, dolomite,
pyrite, parisite, quartz, barite, fluorite, and apatite. Inclusions of carbonaceousmatter are well known in Muzo emeralds(Mufloz, 1948).
The fragments from two crystals, one of which is shown in Figure 5,
which we have examined, came from the same type of crystals as were
briefly describedby Mufloz (1948). Figure 6, combining elementsfrom
Mufroz (1948) and our own observations, shows a shematic crosssectional drawing. In this case the central tapered hexagonal region is
black and not appreciably softer than the clear emerald in the six outer
sections.These are separatedby sheetsof dark material closelyresembling the Chivor structures of Figure 28 where the sheetsare, however,
white from albite inclusions.The maximum dimensionswere ] inch Iong
and $ inch diameter. We have not seenany terminations which we can
recognizeas such.
Powder X-ray diffraction showsonly emerald in both central core and
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Frc. 6. Schematic cross-section of a Muzo trapiche emerald
(in part after Mu6oz, 1948).

outer arms. Back reflection Laue patterns again demonstrate that one
single crystal is involved with none of the twinning suggestedby Mufloz
(1948). The spectrochemicalanalysis results of Table I indicate an appreciably higher Fe, Ti, and Ca content in the central core. On heating
this black material to red-heat in air the color changes to greenwith
traces of orange-brown, presumably due to loss of the carbanaceouscontent. Unfortunately, not enough material was available for further
testing.
Tnsr-n1. Sprcrnocrrourcar.
AN,q.r,vsrs
or.TneprcrmEunn,lr,nlnolr Muzo.Cor,ounta

Range

>57a

Outer Arms
(green)
Be, A1, Si

Nt

0 .1 - 0I.
0.001-{.009
0.0001-0.001

Cr, F-e,V, Mg
Ti, MN
Ca, Na, Li, Cu

Inner Core
(black)
Re, Al, Si
Ti, Fe
Cr, V, Mg, Ca
Mn, B, Zr, Na, Li
Cu, K
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Absorption spectroscopy(Wood and Nassau, 1968) on the clear outer
arms again indicates the presenceof water types I and II and alkali.
Also observedwas a noticeablevanadium absorption in addition to the
chromium absorption, as expected from the analytical data: an X-tay
fluorescenceanalysis on the clear material gave 0.10 percent cr and
0.12 percent V. Both chromium and vanadium thus contribute to the
green color. The presence of both chromium and vanadium in Muzo
e m e r a l dw a s n o t e d b y G o l d s c h m i d t( 1 9 5 8 ) .
The growth mechanism is in most respects similar to that deduced
for the Chivor trapiche emeralds, except that at Muzo the change in
composition and color probably resulted from an abrupt reduction in
the growth rate. In the black tapered inner hexagonalcore growth was
very rapid, resulting in the trapping of the carbonous material as well as
appreciable amounts of Ti, Fe, and other impurity elements. With the
abrupt deceleration of growth, the clear emerald of the arms resulted.
The impurities were now able to diffuse away from the flat faces and
were trapped only at the corners as in the second stage of the chivor
trapiches. An alternative explanation of the transition would be an
abrupt change in the growth medium composition to a much lower
carbonaceousmaterial concentration.
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