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Rb/Sr Establishes an age of 61 to 67 Ma for Colombian Emeralds
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The age of emeralds is related to
the environment within which they form
and can be dated by geochronological
methods of which the rubidium-strontium
(Rb-Sr) method (Faure, 1986) is the best
to date the emeralds and its host rocks
(Vidal et al., 1992). Isotopic studies done
by Vidal et al. (1992) established two
different geochronological environments
for dating emeralds depending on their

ages: emeralds from Precambrian rocks in
Brazil, Madagascar and Zambia with high
radiogenic strontium enrichment due to
the older ages and high Rb contents and
emeralds hosted by younger rocks in
Colombia, Paquistan and Afganistan
generally, with low *’Rb/**Sr range and
low radiogenic Sr enrichment, and low
content of Rb (Table 1).

Origin Weight | Rb | Primary “Rb/*°Sr | ¥’St/*Sr | Model age with initial
(mg) | pg/g | Sr(1)(pg/e) | (2) ¥Sr/*°Sr=0.705. (Ma)

Brazil:

Santa Teresinha-1 169.7 | 11.8 162.8 0210 | 0.72036 n.d

Santa Teresinha—2 | 92.8 | 21.9 3.48 18.49 0.8357 496

Socoto-1 2344 | 51.3 1.24 119.4 2.717 1180

Itaberai-1 76.4 | 143 1.02 38.64 | 0.98805 514

Ttaberai-2 469 | 17.0 1.77 26.33 | 0.88830 489

Madagascar-1 179.7 | 76.0 2.26 96.9 1.5578 618

Madagascar-2 142.9 | 93.7 2.85 94.9 1.3744 497

Zambia-1 914 28.1 0.029 1627.0 12.309 500

Zambia-2 94.1 | 94.4 0.005 10934.0 | 65.65 598

Colombia:

Pefias Blancas-1 1953 | 1.0 0.45 6.29 0.7197 6145

Pefias Blancas-2 161.6 | 2.26 0.28 22.6 0.7324 6145

Pefias Blancas-3 108.1 | 1.42 0.20 18.61 0.7316 6145

Pefias Blancas-4 114.1 | 1.80 0.17 27.43 0.7380 6145

Paquistan-1 130.7 | 5.0 0.85 16.83 | 0.71599 n.d

Afganistan-1 151.1 | 16.5 7.15 6.69 0.71388 n.d

Table 1. Rb/Sr analyses of emeralds from different localities around the world. (1) Primary
strontium contents obtained by the subtraction of strontium blank from the laboratory (1.8
ng) from the strontium in the analyzed sample. (2) 86Sr = 86Sr primary + 86Sr from the
blank. n.d = not determinated (from Vidal et al. 1992).
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1- METHODS

Semi quantitative x-ray fluorescence
analyses was first used to estimate the Rb and
Sr concentrations to select favorable samples

“and to estimate the magnitude of the *'Rb and

*Sr spike to be diluted for precise isotopic
determinations of *’Rb/**Sr ratios. Teen

- samples which have the best ratios in the

Rb/Sr ratio (Table 2) were selected to get an
isochron.

Origin Material | Rb-DI | Sr-DI | VRb ®Sr | Error | 2'St/°%Sr Error
(ppm) (ppm) (calculado) (calculado)
Coscuezl | Lixiviado | 0.10 0.93 0.3221 0.0010 | 0.71379 0.00009
Chivor-1 | Total 7.91 2.13 10.770 0.1000 | 0.75176 0.00030
Chivor-1 | Lixiviado | 1.82 1.09 4.860 0.0300 | 0.75207 0.00010
Chivor-1 | Residuo | 6.28 1.17 15.590 0.1500 | 0.76179 0.00035
Muzo-2 | Total 2.14 5.28 1.1760 0.0090 | 0.71557 0.00065
Muzo-3 | Lixiviado | 0.33 4.76 0.1981 0.0008 | 0.70843 0.00009
Muzo-3 | Residuo | 2.94 0.37 23.650 0.9400 | 0.737460 | 0.00088
Muzo-4 | Total 2.15 18.81 | 0.3310 0.0020 | 0.71232 0.00017
Yacopi-1 | Total 2.07 0.70 8.504 0.0700 | 0.721730 | 0.00052
Yacopi-2 | Residuo | 1.03 9.02 0.330 0.0050 | 0.710370 | 0.00021

Table 2 — Rb and Sr concentrations after leaching, residue and whole rock analyses of
samples from Colombian emeralds. All analyses by isotopic dilution (ID).

All  strontium  analyses  were
normalized assuming a *Sr/**Sr ratio of
0.1194. Leaching was carried out using a 0.5g
of powder sample dissolved on HCl (O.1N)
for 15 minutes. Both Rb and Sr were
determined by the isotopic dilution technique
by adding 50 pl of combined *Rb/**Sr spike
in the proportion of 2ppm/0.43ppm of
respectively isotopes. ,

Three samples were selected (Table
2) to be leached with HCI to obtein higher
values of the ¥Sr/*Sr ratio for an isochron
diagram. The leaching experiments were
carried out to extract mainly the associated
carbonates, which ‘could have different
isotopic ratios from the initial Sr ratio of
mineralized system and to test the leaching
procedure.

~ The results summarized in Table 2
indicate that the Rb and Sr contents of
Colombian emeralds are very low when
compared with those from emeralds of
different areas of Precambrian age where the
values are between tens to hundreds ppm.
Importantly, the leaching technique allowed
to make a adequate range in the Rb/Sr values.

Four samples from Table 2 were very similar
Rb/Sr (Muzo-3, Muzo-4, Coscuez-1, Yacopi-
2) with values around 0.2 to 0.33 ppm and
¥7Sr/*Sr varying between 0.708 and 0.713.

2- INTERPRETATION

The results of this work combined
with data obtained by Vidal et. (1992, Table
1), are shown in an *Sr/*Sr x *Rb/*Sr
diagram of Fig. 1. The distribution of points
in the diagram of Fig. 1 indicate that it is not
an isochron but consists of two errorchrons.
Thus, the ages from these two errorchrons
were calculated by using the Monte Carlo
method (Amaral, 1990) for samples of both
the Occidental (Fig. 1B) and Oriental Belts
(Fig. 1A). The calculated apparent age is 67
Ma for the Occidental Belt, which includes
samples from the deposits of Muzo, Coscuez,
Yacopi e Peiias Blancas, while the samples
from the Oriental Belt show an apparent age
of 61 Ma. This last estimated age is
concordant within the 2o errors with the age
obtained for mineralization to the Occidental
Belt.
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Figure 1. Errorchrons of *’Sr/*°Sr x *Rb/*Sr from emeralds from Colombia. A) Oriental Belt
(samples from Chivor - 1 (leached, whole and residue), with an apparent age of 61.3+1.4 Ma. B)
Occidental Belt, Muzo-2, Muzo-3 (residue), Yacopi-1, Coscuez-1 (leached), Yacopi-2 (residue)
and data from Vidal et al (1992) of Penas Blancas material, showing and apparent age of 67+1.0

ma (2).

According to Ordofiez (1993), the
mineralizing fluids were the same for all
Colombian emerald deposits, with small
differences in chemistry, depending upon
host rock. This could explain the different Sr-
isotope initial ratios for emeralds from the
two belts.

The preliminary Rb/Sr age of the
emeralds from the Orental Belt (Chivor)
presented in this work is very close to
previous ages obtained from micas by the
“Ar/* Ar method, 62 to 68 Ma, (Cheilletz et
al. 1994, 1997) which has been interpreted as
the age of emeralds from this belt. However,
isotopic determinations by the “Ar/*Ar
method on micas collected in mines from
Occidental Belt show younger ages between
31 to 38 Ma.

CONCLUSIONS

The range of 31-38 Ma obtained by
Cheilletz et al. (1991) do not correspond to
the Rb/Sr age range of 68-61 Ma which is
interpreted as the age of deposition. To test
this, we plot two hypothetical 33 Ma
isochrons in the Rb/Sr x Sr/Sr diagram,
assuming Sr initial ratios of 0.713 and 0.710.
All of Rb-Sr data plot above to the 33 Ma
hypothetical isochrons (Ordoiiez, 1998). Thus
the 38-31 Ma age interpreted by Cheilletz et
al (1991, 1994) as the age of emerald
deposition could be related instead to the
younger diagenetic and/or deformation events
in Andean region and unrelated to the
mineralizations.

While rubidium and strontium
geochemical studies on Colombian emeralds
show very low values for these elements, they
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are sufficient to use Rb/Sr and *’Sr/*°Sr ratios
when the leaching technique is applied. The
data plotted in the Rb-Sr and Sr-Sr diagram
define two arrays. These arrays are
interpreted as two errorchrons: a 67 Ma for
emeralds from the Occidental Belt and a 61
Ma for Chivor deposits form the Oriental
belt.

Some chemical differences are
related to the different fluid-rock interaction
with distinct lithology of stratigraphy along
the belts and could explain the contrasting
strontium initial ratios of emeralds from of
two belts.

The initial strontium ratio of 0.713 of
emeralds from the Occidental Belt is
relatively low and could be related to marine
Sr, while the high Sr-initial ratio of 0.746 for
the Oriental Belt could have been originated
from more maturé materials related to the
continental sources. :

Geochronological interpretations of
errorchrons, combined with data of Vidal et
al. (1992) permited us to determine the
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