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Abstract

Discovery of oil in a new play has increased the petroleum potential of the Tertiary
coastal plain in the southern part of the Burgos Basin. In this Upper Oligocene shoreface-
sandstone play, the clastic succession is related to a deltaic system with sediments
unrelated to the Rio Grande Embayment but related to uplifted terrains along the Sierra
Madre Thrust Belt. Geochemical modeling indicates a Tithonian origin of the oil and
generation in a “kitchen” adjacent to the discoveries, implying a few kilometers of
migration of light oil (46° API) through pathways afforded by the listric faults that also
contributed to formation of traps.

The intervals tested are fine-grained sandstones that have a gross thickness of 600 meters,
at depths ranging from 2600 to 2900 meters below sea level. Porosity and permeability
range from 11 to 17% and 0.5 to 21 millidarcys, respectively. Resistivity of sandstones
typically is from 2 to 10 ohm-m. These rocks produce at estimated rates of 4000 bpd and
9 MMCMPD of gas. Original potential resource estimation of the prospect is close to 100
MMBOE. According to play analysis of the region, the Upper Oligocene play could have
up to 5000 km? of prospective area.

Introduction

The study area is located in the southeastern part of the Burgos Basin (Figure 1). The
exploration play for the Frio covers about 15,000 km”. The Nejo exploration area
involved in the study is shown in Figure 1, as well as some of the most productive gas-
fields of the eastern part of Burgos Basin.

During the beginning of 2003, PEMEX (PETROLEOS MEXICANOS) started an
exploration campaign in the southeastern part of the Burgos Basin called “Vicksburg-Frio
Plays.” The objectives of these plays involve the clastic sequences of Frio Marino
Formation and Vicksburg Formation (Middle-Lower Oligocene).



Using 2-D seismic data, the first exploration well (Nejo) was located and subsequently
drilled with an oil-base mud (OBM) system. This well resulted in the discovery of the
field, with good production of light oil and gas from the Frio Marino Formation.

Figure 2 illustrates the Cenozoic stratigraphic section and the position of the interval
under study, the shallow-marine clastic sequences of the Frio Marino Formation (Middle
Oligocene). General geological background studies of the Burgos Basin related to
Cenozoic strata may be found in Echanove (1986) and Perez-Cruz (1992), among others.
There are in existence other non-published studies of the area conducted for PEMEX.
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Figure 1. Location map of Nejo area, situated in the southeastern part of the Burgos Basin, close to
the San Fernando city (south of Tamaulipas State). Gas fields shown in yellow.
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Figure 2. Generalized stratigraphic column of the study area. The interval of most interest, within
the yellow rectangle, corresponds to Frio Marino Formation of Middle Oligocene age.

General Stratigraphy

The stratigraphic column of the study area above a Paleozoic basement of igneous,
metamorphic, and volcano-clastic rocks consists of carbonates and marine evaporitic
sequences of Mesozoic age overlain by a thick succession of Tertiary rocks (Figure 2), all
with a maximum thickness of about 10 km in the deepest part of the basin.

According to Perez-Cruz (1992) the Cenozoic strata has prograded, from the Paleocene to
the Holocene, from west to east (basinward). Every shoreline from the Paleocene to
Holocene has migrated in that direction, in accordance with the progradation of the
Cenozoic clastic sequences into the Gulf of Mexico. The stratigraphic section under study
is the shallow-marine clastic sequences of the Frio Marino Formation (Middle Oligocene)
(Figure 2).



Structural Framework

The study area is located between two major synthetic listric faults that delimit the field
(Figure 3a, 3b). The western fault has contributed to the creation of the rollover that
forms the structure for the exploration test, and the eastern one formed later,
simultaneously with the basinward migration of the Oligocene depocenter. Secondary
synthetic normal faults affect the crestal area of the main rollover structure.

Reservoir Rock

Based on analysis of the well logs (OBMI images) and core samples, the lithofacies were
identified and recognized in order to make an interpretation and propose a sedimentary
model for the Frio Marino Formation. In combination with the structural deformation
obtained from the 2-D seismic data, the model is intended to explain the nature and origin
of this oil and gas accumulation and guide future plans in terms of well location and field
development. The sandstone beds in this lithofacies, with light oil and gas, form the main
reservoirs of the field (Figure 4). This low-resistivity lithofacies was recognized in
several wells, and it is one of the most common and representative lithofacies
encountered in the area of study.

This lithofacies can be interpreted as having been formed in a nearshore and shelfal zone,
as indicated by the Ophiomorpha ichnofacies (Figure 4) and the presence of benthic
shallow-water foraminifera.

Due to the thin-bed sandstone-shale interstratification in these reservoirs, conventional
tools did not provide accurate representation. True resistivity in the productive zones
appears to be low (10 ohm-m) due to the incorporation of clay layers that are not resolved
by the conventional tools. Effective porosity obtained using high-resolution density
(RHOS) and neutron (NPOR) cross-plots can reach as high as 25%. Gas saturation can
reach 60%. These favorable reservoir features occur near the top of coarsening-up cycles
related to the proximal-middle part of the flood-generated sandstone lobes. Total porosity
of the sandstone beds from core plugs in well 4 range from 5 to 15%, with permeability

of 0.02 to 4 md. Grain density from core samples has an average of 2.68 g/cm’.

Source Rock

Modeling indicates that source rocks are Tithonian shales which normally yield low-
gravity oil (18-22° API); however, light oil (46° API) is present. Therefore, secondary
migration may have occurred over a long distance along pathways of the listric fault
system where the traps are located to charge them with light oil (Figure 5).



epresent the
highest part of the rollover anticlinal structure. Note the N-S strike direction of the faults. The yellow
line A-A’ is the location of the seismic profile in Figure 3b.

Figure 3b. Depth migrated seismic cross section, with Nejo well. Normal listric faulting is
interpreted, with faults shown by strings of squares outlined in color. The prospect is formed by a
rollover anticline. Line in Figure 3a.
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Figure 4. Nejo well log (left), with cored intervals (defined by pink lines), of Frio Marino
Formation. Dominant coarsening-up cycles may be observed on the GR and resistivity
log curves. Some of the most important core samples are presented on the right. A--Fine-
grained sandstone bed, 10 cm thick, with rip-up mudstone clast (1) and evidence on top
of wave reworking (2), interbedded with black shale, and silty, bioturbated with
Ophiomorpha (3). B-- Parallel-laminated fine-graned sandstone (4) with oil impregnation
(thickness=15 cm). C--Low-angle, laminated fine-grained sandstone (5) with oil
impregnation, 20 cm thick.
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Figure 5. Regional seismic section shows fault systems related to Mesozoic oil charge. Geochemistry
analysis indicates high maturity, associated with distant (and deep) “kitchen” for generation.
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