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This paper reviews the methods of sampling, data processing and presentation used in the regional geochemical exploration of the 
Guantanamo Polygon and summarizes the obtained results. Data processing, including the plotting of several maps, was done by com
puters. Both univariate and multivariate statistical methods were used in order to evaluate the data. As a result, the associations of the 
path-finder elements and minerals were determined. The multi-element anomalies indicated 19 target areas for more detailed explo
ration of gold and sulphide ore deposits. Also, the effectiveness of HMC panning in prospecting for chromite deposits was demon
strated.

Introduction

The regional geochemical survey o f the Guantánamo 
Polygon was carried out within the framework o f coopera
tion between the Geological Institute o f Hungary and the 
“Expedición Geológica de Santiago de Cuba” between 
1987 and 1990 (G yarmati et al. 1990). Its main objective 
was to make ore prediction at a scale o f 1:50,000. The area 
studied occupies 2391 sq.km in north-eastern Cuba. It is 
characterized by sparse population, subtropical climate and 
very uneven morphology, large differences in the altitude 
from 0 m at the shoreline to more than 1100 m. The central 
part o f the area is a highland covered by thick lateritic 
crust. The drainage system is well developed, with the 
majority o f the streams and rivers running in deep valleys.

Geological setting

Sixty per cent o f the territory is composed o f ultramaf- 
ic and mafic rocks o f a Jurassic-Cretaceous ophiolite 
sequence (Fig. 1). The ultramafic rocks are represented 
largely by serpentinized harzburgite and dunite with 
wehrlite, lherzolite and pyroxenite, while the mafic rocks 
by gabbro, microgabbro, gabbro-pegmatite and troctolite. 
The possible presence of the other members of the ophi- 
olitic sequence (i.e. sheeted dykes, pillow-lavas and pelag
ic sediments) is still an open question.

Volcanic rocks o f a Cretaceous island arc are repre
sented with andesites, dacites, rhyolites and their tuffs.

These formations are metamorphosed to greenschist facies 
in the eastern part o f the territory.

These volcanics are situated below the older ophiolitic 
rocks as a consequence o f a Late Cretaceous obduction. 
Subsequently, near horizontally bedded sedimentary rocks 
and subordinate acidic tuffs were formed, mainly in the 
western part o f the study area.

Fig. 1. Geological sketch map of the Guantánamo Polygon 
(simplified after Gyarmati et al. 1990)

1. Sedimentary rocks, 2. Island-arc volcanics, 3. Pillow lavas (?), 
4. Sheeted dikes (?), 5. Mafic cumulates, 6. Ultramafic tectonites and 

cumulates, 7. Main faults

1. ábra. A guantánamoi kutatási terület vázlatos földtani 
térképe (Gyarmati et al. 1990 nyomán, egyszerűsítve)

1. Üledékes kőzetek, 2. Szigetív vulkánitok, 3. Párnalávák (?), 
4. Párhuzamos telérraj (?), 5. Bázisos kumulátok, 6. Ultrabázisos 

tömegek (tektonitok és kumulátok), 7. Fő törésvonalak



Table 1 —  1. tá b lá za t

Basic parameters of the sampling 
A mintázás alapparaméterei

Sampling
method

Mintavétel

Number
of

sample
A

minták
darab
száma

Sampled
area

(sq.km)
A

mintázott
terület
(km2)

Sampling
density

(pieces/sq.
km)

Mintasű
rűség

(db/km2)
Stream sediment 13682 2391 5.5Mederüledékből
Soil — Talajból 8727 2391 3.6
Rock — Kőzetből 1577 740 2.1
HMC panning 
Szérelés 4744 2391 1.9

The most important mineral deposits o f the range are 
the nickeliferous laterite and the refractory chromite that 
have been mined for a long time. In the areas composed by 
island arc volcanics, disseminated pyrite and sparse cal- 
copyrite veins were known previously (Cabrera 1971). 
The geochemical exploration aimed at discovering copper 
sulphide and, possibly, gold mineralisation.

Sampling and analytical methods

For analytical purposes semi-quantitative optical emis
sion spectroscopy (OES) was available, so a relatively 
dense sampling was used in order to improve the reliabil
ity o f the results. Taking into account the morphology and 
geology of the area, stream sediment sampling was used as 
the principal method (Beus, Grigorian 1977). Also, soil 
metallometry and heavy mineral concentrate (HMC) pan
ning were applied as complementary techniques (Table 1). 
In some o f the promising areas bedrock sampling and/or 
more detailed sampling were conducted as well. 
Hydrogeochemical survey, which also plays an important 
role in similar climatic conditions, was carried out by 
Cuban colleagues; its results were taken into account in 
drawing the conclusions for exploration purposes.

The stream sediment, soil and bedrock samples were 
analyzed by alternating current arc OES for 18 trace ele
ments (i.e. Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Ga, Y, Zr, Mo, 
Ag, Sn, Ba, La, Yb, Pb). Au content was analyzed by the 
same OES technique after special sample preparation 
which included enrichment of the Au using aqua regia.

The HMCs were separated into four fractions. First the 
magnetic fraction was removed, and the remainder was 
divided into paramagnetic and nonmagnetic fractions by 
an electromagnet. The nonmagnetic minerals were sepa
rated into heavy and light fractions by using a heavy liq
uid (bromoform, specific gravity 2.9). The mineral com
position was determined using binocular microscopes. 
However, only the electromagnetic and the heavy frac
tions were analyzed in detail, while the rest was merely 
checked for the presence of gold.

Data processing and representation

All the laboratory data were fed into microcomputers 
and all the sampling locality maps o f 1:50,000 scale were 
digitalized.

The computerized processing of the obtained data was 
conducted at the “Expedición Geológica de Santiago de 
Cuba”. Both univariate and multivariate statistical meth
ods were used (KovÁcs et al. 1991). The univariate tech
niques included the comparison o f the empirical and theo
retical distribution functions, the estimation o f geochemi
cal parameters and the selection o f the anomaly thresh
olds. In most cases the distributions proved to be compos
ite, while in some cases they fitted normal or lognormal 
functions. Generally it was impossible to detennine the 
anomaly threshold using the histograms (Bondarenko et 
al. 1987), so it was defined by the traditional “3 standard 
deviations” or “3 sigmas” method (Bondarenko et al.
1985).

Thus, starting from the lognormal model (Grigorian 
et al. 1983), the geometric mean of the concentrations of 
the background sample population was considered as the 
background value (X). In order to represent and evaluate 
the data, three “intensity classes” or “anomaly levels” 
were defined. Thus, the X+3g  was called the 3rd anomaly 
level, the X +2a — the 2nd, and the X +a—  the 1st level. All 
samples over the 3rd level were considered anomalous. 
Based on some probability considerations (Grigorian et 
al. 1983), the samples o f the 2nd level were accepted as 
anomalous only in the case if  at least 2 of them were 
linked; while the 1st level samples were taken as anom
alous if  there were at least 9 of them clustered together. 
Otherwise they were not included in the anomalies.

It must be mentioned that, because o f the complex 
composition o f the territory, the estimation o f the geo
chemical parameters took into account the geological set
ting o f the sampling site, separating them into 10 groups: 
ultramafic rocks, gabbro, laterite, volcanics, sedimentary 
rocks, acidic tuffs etc.

Monoelement point maps at a scale o f 1:50,000 were 
drawn by computer. For the stream sediment sampling, 
different anomaly levels were indicated by different sym
bols. Having classified the concentrations, the anomalous 
dispersion trains were marked by hand. Using the 
monoelement maps, traditional multielement maps were 
compiled by superposition. Subsequently, anomalous 
drainage basins or their anomalous parts could be delin
eated, on the basis o f the multielement dispersion trains.

Similarly, dot maps o f distributions o f the various trace 
elements in the soils were drawn by machine and then 
evaluated by hand, indicating the anomalous areas. In the 
case o f the soil metallometry, only the multielement anom
alies were taken into account.

The set o f path-finder elements was determined by 
making use o f the analysis of the correlation matrices of 
the OES data. Owing to this, the predominant influence of 
trace elements, associated with ultramafic rocks (i.e. Cr, 
Ni, Co, Mn) was revealed not only in the Quaternary over



burden, but in the Tertiary sedimentary rocks as well. In 
spite o f this wide-spread contamination it was concluded 
that the association of such elements as Cu, Pb, Zn, Ba and 
Ag indicated reliably shows o f copper and polymetallic 
sulphide mineralisation.

Correlation analysis of the mineral contents revealed 
two mineral groups in the panned concentrates. One of 
these is comprised of chromite, hematite and limonite; 
which was interpreted as a spatial association rather than 
genetic, conspicuously related to the lateritic cover. So, 
from this group, only the distribution o f the chromite was 
represented on computer-plotted maps. The other suite 
consisted of gold, calcopyrite, pyrite, barite, epidote, 
prehnite etc.; it was assumed to be an association of 
hydrothermal origin. Accordingly, these minerals were 
represented on a joint map, by means o f colour symbols.

To reinforce the occasional weak anomalies, the 
P b "Z n"B a multiplicative index (G rigorian  et al. 1983, 
B ondarenko  et al. 1987) was calculated on the basis of 
the results from soil sampling. Again, the index was rep
resented on a dot map plotted by computer. It could be 
concluded that the secondary haloes in this map coincided 
well with those in the multielement maps, compiled by 
superposition; moreover some additional anomalies were 
revealed, due to reinforcement by the multiplication.

Finally, the geochemical prognosis map was compiled, 
making use o f all the previous results. This map shows the 
primary and secondary haloes, mineralogical and geo
chemical anomalies in stream sediments, significant 
hydrogeochemical anomalies and some single anomalous 
samples. On the basis o f these, target areas were indicated 
for further exploration.

Conclusions

Promising secondary dispersion haloes o f Cu, Pb, Zn, 
Ba and Ag, as well as their anomalous catchment basins 
are related to the Cretaceous island arc volcanics and, in 
restricted amounts, to the ultramafic rocks. On the basis of 
the intensity of the geochemical anomalies, the sulphide 
mineralisations related to the altered volcanic rocks of the 
island arc are considered to be the most promising; those

associated with the unaltered volcanics may also be 
important, while the anomalous areas with the same type 
of mineralisation in the ultramafic environment are inter
preted as less productive.

Gold revealed scattered distribution patterns and low 
values both in HMCs and in the other sample types indi
cating that the study area on the whole has low potential. 
Nevertheless, along some tributaries gold-bearing HMC 
samples are concentrated. The question o f the gold poten
tial o f  the area can only be concluded after checking these 
catchment areas. The auriferous accumulations, as a rule, 
associate with the sheared zones o f the ultramafic rocks.

This survey demonstrated the effectiveness o f the 
HMC panning in the prospecting for chromite deposits 
(K ovács 1991). To this end, the concentrations expressed 
in absolute quantities had to be taken into account, instead 
o f the percentage values. The known ore deposits and 
shows were indicated by high contents o f chromite, pro
portional to the extent o f  the mineralisation. Thus, there 
was a good reason to presume that significant concentra
tions o f chromite, in areas which were previously sup
posed to be sterile, had to denote unknown ore bodies.

Altogether, the geochemical exploration resulted in 
delineating 15 target areas for more detailed exploration of 
copper or polymetallic ore deposits in the Guantánamo 
Polygon. Also, four target areas were recommended for 
gold and two for chromite exploration.

However, it should be noted, that this huge data basis 
requires further processing using other multivariate statis
tical methods and advanced techniques.
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A cikk áttekinti a guantánamoi kutatási terület geokémiai felvételezése során használt mintavételi, adatfeldolgozási és -megje
lenítési eljárásokat. A feldolgozás, a térképrajzolást is beleértve, számítástechnika alkalmazásán alapult. Az adatok értékeléséhez egy- 
és többváltozós statisztikai módszerek egyaránt felhasználásra kerültek. Ezek segítségével kimutathatók az ércjelző elem- és 
ásványtársulások. A többelemes anomáliák lehetővé tették 19 — arany-, ill. szulfidércesedésre perspektivikus — továbbkutatásra 
javasolható terület lehatárolását. A szérelés főként a krómitkutatásban bizonyult hatékonynak.


