
Revista CENIC Ciencias Químicas, Vol. 37, No. 1, 2006.

35

Recibido:  12 de octubre de  2004.         Aceptado:  29 de noviembre de 2005.

Palabras clave: huella dactilar, crudo de petróleo, relaciones de pico, diagramas de estrella, geoquímica de reservorios.
Key words:  finger print, crude oil, peak ratios, star diagram, reservoir geochemistry.

High resolution gas chromatography: fingerprint
of Cuban oils from Pina and Puerto Escondido fields

Gloria Llabre Raurell, Isis Prado González, Olga Pascual Fernández,* Albertina Gutiérrez
Rodríguez, Valia Barreras* y José Orlando López Quintero.*

Tecnologías Complementarias, Laboratorio de Química Analítica, Grupo de Cromatografía Gaseosa, *Geoquímica Ambiental,
Grupo de Geoquímica de Yacimientos, Centro de Investigaciones del Petróleo, Washington No.169 Esquina a Churruca, Cerro,
Código Postal 12 000, Ciudad de La Habana, Cuba.

RESUMEN. La huella dactilar mediante Cromatografía Gaseosa Capilar de Alta
Resolución fue obtenida para 18 muestras de crudos de petróleo cubano de dos
yacimientos: 9 de Pina y 9 de Puerto Escondido. El análisis fue realizado usando
columna capilar DB-1 (J&W), de 30 m de largo x 0, 2 5 mm de diámetro interior y
0,25 µm de película de fase estacionaria, así como un programa de temperatura
adecuado y paquetes de programas para procesamiento de los datos cromatográ-
ficos. Por medio de la huella dactilar ampliada de las muestras fue posible resal-
tar las pequeñas diferencias en su composición que permitieron seleccionar rela-
ciones de picos adecuadas para graficar en coordenadas polares y obtener los diagra-
mas de estrella para cada muestra. La comparación de estos diagramas permitió
apreciar diferencias y semejanzas de composición dentro de cada yacimiento y
además, comparar los yacimientos entre sí. Esta técnica es muy usada en la ob-
tención de datos para estudios de geoquímica de reservorios, por ser rápida,
confiable y sencilla. Los resultados correspondientes a diferencias promedio de
relaciones de pico entre 2 y 5 % para análisis duplicados, demuestran buena re-
producibilidad acorde con lo que ha sido reportado. Diferencias mayores, de has-
ta 40 % en Puerto Escondido y entre 10 y 41 % en Pina, fueron obtenidas. Estos
resultados indican variaciones en la composición química de las muestras anali-
zadas dentro de los yacimientos estudiados, o sea, falta de continuidad de los
fluidos en ellos. No obstante, fue posible agrupar algunas muestras de Puerto
Escondido con una diferencia promedio para las relaciones de pico selecciona-
das de alrededor de 5 a 6 % e incluso menores que 5 %. Los resultados dejan
espacio al interés de profundizar los estudios de la geoquímica de reservorios en
estos yacimientos.

ABSTRACT. High Resolution Gas Chromatography fingeprint was obtained for
18 crude oil samples of two Cuban fields: 9 from Pina and 9 from Puerto Escondido.
A 30 m x 0.25 mm internal diameter and 0.25 µm film thickness DB-1 (J&W)
capillary column as well as a suitable temperature program and chromatographic
software were used. By means of a wider view of sample fingerprints, small dif-
ferences in composition were highlighted and proper peak ratios for polar plot to
obtain each sample star diagram were allowed to select. Diagram comparison
shows similarities and differences in composition within each field and between
them. This technique is often used to obtain data for reservoir geochemistry stud-
ies because it is fast, confident and simple. The obtained average peak ratio dif-
ferences for duplicated analysis of 2-5 % show good reproducibility according to
those that have been reported. Higher differences up to 40 % in Puerto Escondido
and between 10-41 % in Pina were obtained. These results show variations in
chemical composition between the analyzed samples within the studied fields,
in fact, lack of continuity for the fluids in them. Nevertheless, it was possible to
group some samples from Puerto Escondido with an average difference for the
selected peak ratios between 5-6 % and also lower than 5 %. The obtained results
leave an open space to the interest in deepening the reservoir geochemistry stud-
ies in these reservoirs.

INTRODUCTION

High Resolution Gas Chromato-
graphy has been for years a useful
tool for reservoir continuity studies.
The obtained chromatograms are
unique fingerprints that have been
also useful for identifying: pipelines
leaks, oil spills, nonproductive res-
ervoir zones, etcétera.

Kaufman and col.1,2 have use a
novel technique based on the calcu-
lation of selected peak ratios and its
polar plot. This technique has been
also useful to diagnose source rock
origin, maturity or water washing.3

The identification of individual res-
ervoir units is based on the knowl-
edge of the chemical composition of
the fluids. In general, it is com-
monly found that oils within a con-
tinuous reservoir have a uniform
hydrocarbon composition and oils
in separate reservoirs almost always
have measurable compositional dif-
ferences. The critical point is that
the differences between the oils are
usually small, due to their similar
geologic history within a Field. Bulk
property analyses such as gravity,
viscosity, ext, may not be success-
ful in the detection of these small
differences, not so molecular com-
position techniques, such as gas
chromatography, which is a particu-
larly powerful tool with an excellent
analytical reproducibility.4,5

In recent years gas chromatog-
raphy fingerprint results applied to
reservoir fluid continuity studies
have been successfully compared
with some other from spectroscopic



Revista CENIC Ciencias Químicas, Vol. 37, No. 1, 2006.

36

techniques such as FTIR (Fourier
transformed infrared) and SUVF (syn-
chronous ultraviolet fluorescence).6

Cuban oils have been studied
during the last fifteen years. Char-
acterizations, family classifications
by means of biomarkers and matu-
rity and biodegradation studies have
been done.7 Also cluster analysis, has
been reported for Pina´s oils.8

The main purpose of this work
was to compare some Cuban oils
from Pina and Puerto Escondido
fields using Kaufman�s technique
and in general to obtain composi-
tional information of these oils by
means of the gas chromatographic
analysis, as an analytical aid for fur-
ther geochemistry studies.

EXPERIMENTAL

Nine crude oil samples from Pina
Field and nine from Puerto Escondido
from different wells were studied.

Geochemical properties (Table 1),
were obtained by standard proce-
dures: API gravity by hidrometer
method,9 W % sulphur by quartz
volumetric method.10 Asphaltenes
were precipitated with n-pentane
and maltenes were fractionated us-
ing a silica-alumina column by elu-
tion liquid chromatography using
solvents with increasing polarities,
to yield saturates (paraffins), aro-
matics and resins (SARA).

Gas chromatographic analysis,
were done in a CP 9001 Chrompack
chromatograph with a 30 m x 0,25 mm
and 0,25 µm film thickness (J&W),
DB-1 capillary column. The conditions
were set as follows: injector tempera-
ture- 300 oC, detector temperature-
320 oC, oven column program- 30 oC
during 5 min, 30-50 oC at 20 oC/min,
50-160 oC at 2 oC /min, 160-310 oC
at 20 oC/ min, and 5 min at 310 oC .

Data were analyzed automatically
by software Maestro II, Version 2.4 of
Chrompack International B.V. 1995.

Chromatograms were analyzed
individually by:

sequential numeric identification
of the peaks in the whole run.
visual inspection: variations in
height of adjacent or very close
peaks.
calculation of height ratios of the
selected peaks, that compen-
sates variations in baseline shifts
and injection volume.
calculation of average results
from four runs.
Polar plot of 12 peak ratios for
Pina and 11 for Puerto Escondi-
do that involves naphtenes, aro-
matics and isoparaffins.

RESULTS AND DISCUSSION

It was observed differences be-
tween Pina and Puerto Escondido
oils (Table 1). Pina oil is lighter and

has less sulfur an asphaltene con-
tent than Puerto Escondido�s. It is
also more paraffinic. This results
are in agreement with typical fin-
gerprints [Fig. 1 (a) Pina and (b)
Puerto Escondido]. In Pina it can
see the resolved paraffin peaks
higher than in Puerto Escondido,
and on the other hand higher unre-
solved compounds sign (UCM) cor-
responding with the heavy end part
of the sample is clearly seen in
Puerto Escondido chromatogram.
Highlighted small peak differences
in a typical chromatogram portion
is observed too [Fig. 1 (c)].

Due to the observed composi-
tional differences between Pina and
Puerto Escondido oils, selected
peak ratios were different in each
case. The obtained average differ-
ences between selected peak ratios
for duplicated analysis of the same
oil were between 2-5 % and showed
good reproducibility in agreement
with those that has been reported
for the oil fingerprinting technique
using capillary chromatography.3

shows typical repeatability results
obtained in this work. Higher differ-
ences were obtained for the com-
parison of different oil samples in
each field that reflects differences
in relative hydrocarbon composi-
tion for the oils rather than analyti-
cal error (Table 2).

Table 1. Different well fluids characteristics from Pina (P) and Puerto Escondido (PE) fields.

riovreseR/dleiF IPA S senehtlahpsA setarutaS
)sniffaraP(

scitamorA sniseR

)%w(

4/EP 3.11 60.6 11.43 82.22 90.02 25.32

5/EP 21 4.6 73.81 65.91 78.73 2.42

6/EP 9.11 45.6 65.81 26.02 26.63 2.42

7/EP 3.11 36.6 31.12 32.22 15.13 31.52

8/EP 8.31 14.6 31.91 64.91 89.63 34.42

9/EP 6.8 32.6 37.61 66.12 17.73 9.32

01/EP 7.01 46.6 6.81 8.12 9.33 7.52

11/EP 90.21 77.6 97.71 22.02 33.63 66.52

21/EP 11 48.5 50.61 19.81 52.34 97.12

2/P 7.52 95.2 5 36.14 92.14 80.21

3/P 9.43 73.1 5.5 19.54 13.83 82.01

12/P 1.53 45.1 53.1 54.73 92.15 19.9

301/P 6.61 63.2 9.5 92.43 15.44 3.51

401/P 1.12 47.2 68.2 73.43 29.84 58.31

011/P 9.91 14.2 4.9 27.23 68.44 20.31

511/P 5.62 97.2 8.5 29.93 37.14 55.21

121/P 6.02 27.2 86.5 14.83 31.94 87.6

921/P 7.13 95.1 8.3 58.54 53.04 01

API gravity     S  Sulphur content.
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Table 3 shows the obtained peak
ratios for the different Pina�s
samples . Average peak ratio differ-
ences higher than 10 and up to 41 %
can be seen in Pina�s star diagrams
(Figures 2 y 3). Even P-103 and P-104,
with similar shape (Fig. 3) has aver-
age peak ratio differences about 15 %.
On the other hand, polar plot of
Puerto Escondido�s results (Table 4)
is a clear evidence of one group with
mostly similar shape: PE wells 5, 6, 7,
9, 11, 12 (Fig. 4) and three wells (4, 8,

and 10), significantly different be-
tween them with more than 15 % dif-
ference (Fig. 5). The first six samples
could be separated into two groups:
PE (5, 6, 9) with peak ratio average
differences about 5-7 % and PE (7, 11,
12) with peak ratio average differ-
ences lower than 5 %.

These results show reservoir
compartmentalization (lack of con-
tinuity) in the studied fields, spe-
cially in Pina, where each sample
has clear compositional differences

from the other, shown in the ob-
tained star diagrams. Puerto Es-
condido wells 7, 11 and 12, probably
belongs to the same reservoir. This
fact could explain the obtained peak
ratio differences within analytical re-
producibility for these samples.

CONCLUSIONS

Gas chromatograms (finger-
prints), from Pina and Puerto Es-
condido oil samples from different
wells were obtained and show dif-

Fig. 1. Typical gas chromatograms (fingerprints): (a) from Pina (P-115), (b) from  Puerto Escondido (PE-9) and (c) highlighted gas
chromatogram portion.

(a)

(b)

(c)
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ferences in composition between
the different samples. Selected
peak ratios were polar plot and
the corresponding Star  Dia-
grams obtained, show reservoir
compartmentalization in both

Table 2. Typical repeatability of peak height measurements (from PE-12).

Fig. 2. Star diagram for six Pina samples (P-2, P-3, P-21,
P-115, P-121, P-129).

Fig. 3. Star diagram for three Pina samples (P-103, P-104,
P-110).

Table 3. Selected peak ratios (four runs average) for Pina samples (P-n).

nuR 02/91 43/53 14/24 54/24 95/16

1 127.0 157.0 318.2 208.0 005.0

2 517.0 037.0 239.0 008.0 815.0

3 407.0 937.0 049.0 908.0 125.0

4 586.0 057.0 539.0 218.0 205.0

X 607.0 247.0 639.0 608.0 015.0

)%(R 374.4 374.4 374.4 374.4 374.4 318.2 318.2 318.2 318.2 318.2 340.1 340.1 340.1 340.1 340.1 206.1 206.1 206.1 206.1 206.1 840.3 840.3 840.3 840.3 840.3

RP 2-P 3-P 12-P 511-P 121-P 921-P 301-P 401-P 011-P

1 374.1 612.1 788.0 251.1 671.1 588.0 40.3 628.2 122.3

2 106.0 865.0 974.0 495.0 866.0 16.0 506.0 646.0 226.0

3 530.1 722.1 611.1 890.1 489.0 351.1 748.0 10.1 680.1

4 810.1 590.1 921.1 599.0 670.1 643.1 661.1 430.1 932.1

5 147.0 397.0 859.0 148.0 290.1 319.0 701.1 629.0 881.1

6 861.1 521.1 398.0 700.1 108.0 277.0 139.0 230.1 8.0

7 686.1 387.1 924.1 755.1 674.1 934.1 275.2 691.2 823.2

8 696.0 977.0 138.0 847.0 140.1 49.0 579.0 267.0 320.1

9 919.0 510.1 838.0 820.1 591.1 585.1 122.1 201.1 781.1

01 623.1 893.1 485.1 997.1 164.1 25.1 663.1 65.1 707.1

11 128.0 887.0 695.0 836.0 687.0 410.1 405.0 94.0 604.0

21 182.1 345.1 751.2 739.0 760.1 436.1 798.0 89.0 483.1

PR  Peak ratio.
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Fields. Nevertheless, in Puerto
Escondido Field at least three
wells show very similar compo-
sition, that reminds that they
possibly belong to the same res-
ervoir.
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Table 4. Selected peak ratios (four runs average) for Puerto Escondido samples (PE-n).

Fig. 4. Star diagrams for six Puerto Escondido samples (PE- 5, PE- 6, PE- 7, PE- 9, PE-
11, PE- 12).

Fig. 5. Star diagrams for three Puerto Escondido samples (PE- 4, PE- 8, PE- 10).

RP 5-EP 6-EP 7-EP 9-EP 11-EP 21-EP 4-EP 8-EP 01-EP

1 44.0 83.0 94.0 04.0 74.0 74.0 33.1 13.0 71.1

2 26.0 86.0 86.0 16.0 56.0 17.0 67.0 25.0 67.0

3 58.0 59.0 28.0 78.0 87.0 38.0 47.0 28.0 58.0

4 27.0 07.0 17.0 17.0 77.0 47.0 67.0 86.0 57.0

5 98.0 59.0 49.0 39.0 19.0 49.0 18.0 10.1 97.0

6 48.0 68.0 48.0 88.0 18.0 18.0 85.0 31.1 45.0

7 15.0 35.0 05.0 05.0 25.0 15.0 94.0 25.0 84.0

8 80.1 40.1 68.0 79.0 28.0 77.0 61.0 25.1 05.0

9 79.0 69.0 79.0 59.0 10.1 20.1 01.0 89.0 29.0

01 36.0 46.0 36.0 66.0 96.0 27.0 14.0 08.0 83.0

11 06.0 46.0 96.0 36.0 96.0 07.0 51.1 94.0 61.1

PR  Peak ratio.
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