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VIl. OTHER SOUTH AMERICA

SUMMARY

Four other countries in South America (Bolivia, Chile, Paraguay, and Uruguay) have
prospective shale gas and shale oil potential within marine-deposited Cretaceous and Devonian
shale formations in three large basins: the Parana Basin of Paraguay and Uruguay; the Chaco
Basin of Bolivia and Paraguay; and the Magallanes Basin of Chile, Figure VII-1. (Extensions of

these basins within neighboring Argentina and Brazil were assessed in separate chapters.)

Figure VII-1: Prospective Shale Gas and Shale Oil Resources in Bolivia, Chile, Paraguay, and Uruguay.
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Risked, technically recoverable shale gas and shale oil resources in these four other

South American countries are estimated at 162 Tcf and 7.2 billion barrels, Tables VII-1 and VII-

2. The geologic setting of this region generally is favorably simple, with mostly gentle structural

dip and relatively few faults or igneous intrusions (apart from surface basalt flows). Technically

recoverable shale resources by country are: Bolivia (36 Tcf; 0.6 billion barrels); Chile (49 Tcf;

2.4 billion barrels); Paraguay (75 Tcf; 3.7 billion barrels); and Uruguay (2 Tcf; 0.6 billion barrels).

Initial shale-related leasing and evaluation has been reported in Paraguay and Uruguay within

existing conventional petroleum license areas.

Table VII-1A. Shale Gas Reservoir Properties and Resources of Bolivia, Chile, Paraguay, and Uruguay.
. Parana
© Basin/Gross Area 2
g (747,000 mi®)
2 Shale Formation Ponta Grossa Cordobes
a Geologic Age Devonian Devonian
Depositional Environment Marine Marine
§ Prospective Area (miz) 3,830 3,260 2,350 2,690 1,230
¢ - -
3 [Thickness (f Organically Rich 800 800 800 800 800
[} Net 240 240 240 240 240
= Depth (f) Interval 10,000 - 11,000 11,000 - 12,000) 12,000 - 13,000 3,300 - 5,000 | 5,000 - 7,000
= P Average 10,500 11,500 12,500 4,000 6,000
= ¢ [Reservoir Pressure Normal Normal Normal Normal Normal
<]
S g:_ Average TOC (wt. %) 2.0% 2.0% 2.0% 3.6% 3.6%
g £ [Thermal Maturity (% Ro) 0.85% 1.15% 1.50% 0.85% 1.15%
Clay Content Low/Medium | Low/Medium | Low/Medium | Low/Medium | Low/Medium
° Gas Phase Assoc. Gas Wet Gas Dry Gas Assoc. Gas Wet Gas
§ GIP Concentration (Bcf/miz) 19.9 44.1 71.2 9.7 46.3
g Risked GIP (Tcf) 9.1 17.3 20.1 42 9.1
Risked Recoverable (Tcf) 0.7 315 4.0 0.3 1.8
Table VII-1B. Shale Gas Reservoir Properties and Resources of Bolivia, Chile, Paraguay, and Uruguay.
. Chaco Austral-Magallanes
© Basin/Gross Area 2 2
g (157,000 mi®) (65,000 mi*)
2 Shale Formation Los Monos Estratos con Favrella
a Geologic Age Devonian L. Cretaceous
Depositional Environment Marine Marine
g Prospective Area (miz) 6,870 9,890 14,210 1,580 1,920 1,500
g = .
S Irhickness (f) Organically Rich 1,500 1,500 1,500 800 800 800
] Net 450 450 450 400 400 400
o Depth (f) Interval 3,300 - 9,000 | 7,000 - 12,000 | 10,000 - 16,400| 6,600 - 10,000 | 10,000 - 14,500 | 11,500 - 16,400
& P Average 7,000 10,000 13,000 8,000 12,000 13,500
~ ¢ [Reservoir Pressure Normal Normal Normal Slighty Slighty Slighty
S = QOverpress. Overpress. Overpress.
E ?g_ Average TOC (wt. %) 2.5% 2.5% 2.5% 3.5% 3.5% 3.5%
é g Thermal Maturity (% Ro) 0.85% 1.15% 1.50% 0.85% 1.15% 1.60%
Clay Content Low Low Low Low/Medium Low/Medium Low/Medium
© Gas Phase Assoc. Gas Wet Gas Dry Gas Assoc. Gas Wet Gas Dry Gas
E GIP Concentration (Bcf/miz) 27.8 86.8 140.5 325 114.8 155.9
o
ﬁ Risked GIP (Tcf) 28.7 128.7 299.5 23.1 99.2 105.2
Risked Recoverable (Tcf) 29 25.7 74.9 2.3 19.8 26.3
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Table VII-2A. Shale Oil Reservoir Properties and Resources of Bolivia, Chile, Paraguay, and Uruguay.

. Parana
« Basin/Gross Area 2
g (747,000 mi°)
= Shale Formation Ponta Grossa Cordobes
@ Geologic Age Devonian Devonian
Depositional Environment Marine Marine
E Prospective Area (miz) 3,830 3,260 2,690 1,230
g - -
3 [Thickness (f) Organically Rich 800 800 800 800
g Net 240 240 240 240
3 Interval 10,000 - 11,000] 11,000 - 12,000| 3,300 - 5,000 | 5,000 - 7,000
= Depth (ft)
o Average 10,500 11,500 4,000 6,000
= ¢ [Reservoir Pressure Normal Normal Normal Normal
=
z g [Average TOC (wt. %) 2.0% 2.0% 3.6% 3.6%
é &_C_’ Thermal Maturity (% Ro) 0.85% 1.15% 0.85% 1.15%
Clay Content Low/Medium | Low/Medium | Low/Medium | Low/Medium
" Oil Phase Oil Condensate Oil Condensate
§ OIP Concentration (MMbe/miz) 21.8 9.3 21.7 12.0
o
é Risked OIP (B bbl) 10.0 3.6 11.9 2.4
Risked Recoverable (B bbl) 0.40 0.15 0.48 0.09

Table VII-2B. Shale Oil Reservoir Properties and Resources of Bolivia, Chile, Paraguay, and Uruguay.

. Chaco Austral-Magallanes
© Basin/Gross Area 2 2
g (257,000 mi®) (65,000 mi°)
= Shale Formation Los Monos Estratos con Favrella
@ Geologic Age Devonian L. Cretaceous
Depositional Environment Marine Marine
;&J’ Prospective Area (miz) 6,870 9,890 1,580 1,920
g - -
3 [thickness () Organically Rich 1,500 1,500 800 800
] Net 450 450 400 400
= Depth (f) Interval 3,300-9,000 | 7,000-12,000 | 6,600-10,000 | 10,000 - 14,500
= P Average 7,000 10,000 8,000 12,000
= ¢ |Reservoir Pressure Normal Normal Sl Sl iy
S Overpress. Overpress.
& 2 |Average TOC (W. %) 2.5% 2.5% 3.5% 3.5%
ﬁ 2 Thermal Maturity (% Ro) 0.85% 1.15% 0.85% 1.15%
Clay Content Low Low Low/Medium Low/Medium
° Oil Phase Oil Condensate Oil Condensate
£ |oIP concentration (MMbbl/mi?) 46.0 18.7 484 145
o
£ Risked OIP (B bbl) 47.4 21.7 34.4 12.6
Risked Recoverable (B bbl) 2.37 1.39 1.72 0.63
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INTRODUCTION

This chapter discusses the shale potential of the other countries in South America
(Argentina, Brazil, and Colombia-Venezuela are assessed in separate chapters). As first
highlighted in EIA/ARI's 2011 assessment, these other South American countries (Bolivia, Chile,
Paraguay, and Uruguay) have significant shale gas and oil resource potential in favorable
structural settings. Exploration shale drilling has not yet begun in the region although initial

shale leasing and evaluation are underway.

Bolivia. A significant natural gas exporter to Argentina and Brazil, Bolivia produces
natural gas from conventional reservoirs, mainly in the Chaco Basin in the southeast part of the
country. Following 2006 nationalization, YPFB administers investment and production in
Bolivia's oil and gas sector, while the Ministry of Hydrocarbons and Energy (MHE) and the
National Hydrocarbons Agency establish overall policy. Shale exploration or leasing have not

been reported in Bolivia.

Chile. ENAP, the national oil company of Chile, produces about 5,000 bbl/day mainly
from conventional reservoirs in the Magallanes basin.! In March 2011 ENAP announced that it
will require companies bidding for conventional oil and gas exploration blocks to also explore for
shale gas. While exploration is underway for tight gas sandstone reservoirs in the basin, no

shale-specific exploration has been reported in Chile.

Paraguay. Paraguay does not produce oil and gas, although extensions of its
sedimentary basins are productive in both Argentina and Bolivia. Only two conventional
petroleum wells have been drilled in Paraguay during the past 25 years. Shale drilling has not
occurred in the country but President Energy is investigating the shale potential at its

conventional petroleum licenses in the Chaco Basin.

Uruguay. Uruguay also does not produce oil and gas, although extensions of its
sedimentary basins are productive in neighboring Brazil and Argentina. ANCAP (Administracion
Nacional de Combustibles, Alcoholes y Portland), the state-owned oil company in Uruguay,
administers the country’s petroleum licensing. TOTAL, YPF, and others hold leases in the

onshore Parana Basin and are evaluating the shale potential.

June, 2013 Vil-4 &

Advanced Resources
International, Inc.



VII. Other South America EIA/ARI World Shale Gas and Shale Oil Resource Assessment

Three major sedimentary basins with prospective organic-rich and marine-deposited
black shales are present in Bolivia, Chile, Paraguay, and Uruguay, Figure VII-1. These basins,

which were assessed in this chapter, are:

e Parand Basin (Paraguay, Uruguay): The Paran& Basin contains black shale within the
Devonian Ponta Grossa Formation. The structural setting is simple but the basin is
partly obscured at surface by flood basalts, although this igneous cap is less prevalent
here than in the Brazil portion of the basin.

e Chaco Basin (Paraguay, Bolivia): Black shale in the Devonian Los Monos Formation is
present within a relatively simple structural setting in northwest Paraguay. The shale
becomes increasingly deep and thrust faulted in southeast Bolivia, where they source
that country’s prolific conventional reservoirs.

e Magallanes Basin (Chile): Known as the Austral Basin in Argentina, the Magallanes
Basin of southern Chile contains marine-deposited black shale in the Lower Cretaceous
Estratos con Favrella Formation, considered a major source rock in the basin.

1 PARANA BASIN (PARAGUAY, URUGUAY)

1.1 Introduction and Geologic Setting

The Parana Basin is a large depositional feature in south-central South America. Most
of the basin is located in southern Brazil, but there are significant extensions into Paraguay,
Uruguay, and northern Argentina, Figure VII-2. This section focuses on the Paraguay and
Uruguay portions of the basin. The Parana Basin contains up to 5 km (locally 7 km) of
Paleozoic and Mesozoic sedimentary rocks that range from Late Ordovician to Cretaceous. Its
western border is defined by the Asuncion Arch, related to Andean thrusting, while the east is
truncated by the South Atlantic tectonic margin.? Much of the Brazilian portion of the basin is
covered by flood basalts, partly obscuring the underlying geology from seismic and increasing

the cost of drilling, but the Paraguay portion is largely free of basalt.

The main petroleum source rock in the Paran& Basin is the Devonian (Emsian/Frasnian)
black shale of the Ponta Grossa Formation. The entire formation ranges up to 600 m thick in
the center of the basin, averaging about 300 m thick. TOC of the Ponta Grossa Fm reaches up
to 4.6% but more typically is 1.5% to 2.5%. The mostly Type Il kerogen sourced natural gas

that migrated into conventional sandstone reservoirs.?
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Figure VII-2: Prospective Shale Gas and Shale Oil Areas in the Parana Basin of Paraguay and Uruguay
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Figure VII-3, a cross-section of the Parana Basin, illustrates the thick and gently dipping
Devonian source rocks that pass through the oil window into the gas window.* Figure VII-4, a
conventional well log in the Paraguay portion of the basin, shows Devonian source rocks and
interbedded sandstones with oil and gas shows.” In outcrop, the Devonian Cordobes Formation
ranges up to 160 m thick, including up to 60 m of organic-rich shale. TOC ranges from 0.7 to
3.6%, consisting mainly of Type Il marine kerogen. Based on the low thermal maturity at
outcrop (R, 0.6%), ANCAP has estimated the boundary between dry and wet gas to occur at a
depth of about 3,200 m.®
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Figure VII-3: Cross-Section of the Parana Basin of Paraguay, Showing Thick and Gently Dipping Devonian
Source Rocks Passing Through the Oil and Gas Windows.
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Figure VII-4: Asuncion-1 Well Log from the Parana Basin of Paraguay, Showing Devonian Source Rocks and
Interbedded Sandstones with Oil and Gas Shows.
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The Parana Basin has remained at moderate burial depth throughout its history.
Consequently, the bulk of thermal maturation took place during the late Jurassic to early
Cretaceous igneous episode. Most of the basin remains thermally immature (R, <0.5%), but
there are sizeable concentric windows of oil-, wet-gas-, and dry-gas maturity in the deep central

portion of the basin.

1.2 Reservoir Properties (Prospective Area)

Depth and thermal maturity of the Devonian Ponta Grossa Formation are relatively well
constrained in the Paraguay portion of the Parana Basin. The prospective area in Paraguay is
estimated at 9,440 mi®, of which 3,830 mi® is in the oil window; 3,260 mi® is in the wet

gas/condensate thermal maturity window; and 2,350 mi® is in the dry gas window.

However, Devonian depth and thermal maturity are much less certain in Uruguay.
Uruguay’s shale-prospective area is estimated at 3,920 mi?, of which 2,690 mi? is in the oil
window and 1,230 mi? is in the wet gas/condensate thermal maturity window (no evidence the
Devonian attains dry-gas thermal maturity in Uruguay). The Ponta Grossa shale averages
about 240 m thick (net), 10,500 to 12,500 ft deep in Paraguay but only 4,000 to 6,000 ft deep in
Uruguay, and averages 2.0% to 3.6% TOC.

Thermal maturity (R,) ranges from 0.85% to 1.5% depending mainly on depth. For
example, Amerisur reported that the Devonian Lima Fm has good (2-3%) TOC and is oil-prone
(Ro 0.87%) at their conventional exploration block. Porosity is estimated at about 4% and the

pressure gradient is assumed to be hydrostatic.

1.3 Resource Assessment

Risked, technically recoverable shale gas and oil resources from the Devonian Ponta
Grossa Shale in the Paraguay portion of the Parana Basin are estimated at 8 Tcf of shale gas
and 0.6 billion barrels of shale oil and condensate, Tables VII-1 and VII-2. Uruguay has further
estimated resources of 2 Tcf of shale gas and 0.6 billion barrels of shale oil and condensate in
this play. Risked shale gas and shale oil in-place in Paraguay and Uruguay are estimated at 60
Tcf and 28 billion barrels. The play has low-moderate net resource concentrations of 10 to 71
Bcf/mi? for shale gas and 9 to 28 million bbl/mi? for shale oil, depending on thermal maturity

window.

June, 2013 VII-8 &

Advanced Resources
International, Inc.



VII. Other South America EIA/ARI World Shale Gas and Shale Oil Resource Assessment

The USGS recently estimated that Uruguay’s portion of the Parana Basin (Norte Basin)
has 13.4 Tcf of shale gas and 0.5 billion barrels of shale oil resources in the Devonian Cordobes
Formation. They noted that the sub-basalt extent of inferred deep grabens for their study was
imaged by ANCAP using geophysical methods, with no well control.” Petrel Energy recently
noted that new data indicates the Devonian is less thermally mature than mapped by the

USGS.? The EIA/ARI thermal windows were adjusted accordingly.

1.4 Recent Activity

TOTAL, YPF, and small Australia-based Petrel Energy hold large exploration licenses
with Devonian shale potential in the Uruguay portion of the Parana Basin (Norte Basin). No
shale-focused drilling has occurred in Uruguay, nor has shale leasing or drilling activity been

reported in the Paraguay portion of the Parana Basin.

2 CHACO BASIN (BOLIVIA, PARAGUAY)
2.1 Introduction and Geologic Setting

The large (157,000-mi®) Chaco Basin is an intra-cratonic foreland basin broadly similar in
origin to the Neuquen and other South American basins east of the Andes Mountains, Figure
VII-5. The Chaco Basin extends across southeast Bolivia and northwest Paraguay, as well as
southern Brazil and northern Argentina (please see separate chapters for these countries).
Structural highs (Ascuncion Arch) separate the Chaco Basin from the Parana Basin to the
southeast. Structure is relatively simple, with scattered mainly vertical normal faults and none of

the thrusting typical of Andean tectonics further to the west.

Sub-basins include the Pirity, Carandayty, and Curupayty troughs. Oil and gas
production occurs in Bolivia and Argentina but not in Paraguay, which has experienced much
less drilling. Fewer than 10 petroleum wells have been drilled in the Pirity Sub-basin of
Paraguay, all pre-1987, where no commercial production has occurred. However, the Argentina
portion of the Basin (Olmedo Sub-basin) has produced over 110 million bbls of oil from the
Upper Cretaceous Yacoraite and Palmer Largo formations and that basin continues to be
productive.® Apart from the international border, no geologic discontinuity separates the two

sub-basins.
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Figure VII-5: Prospective Area of the Devonian Los Monos Formation, Chaco Basin, Paraguay and Bolivia
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The main source rocks include the Silurian Kirusillas Formation and the Devonian Los
Monos and Icla formations.’® The Devonian, considered the main source rock for the world-
class conventional gas fields in the Tarija Basin foothills of southeast Bolivia, appears to have
shale gas potential in northwest Paraguay where structure is considerably simpler, Figure VII-6.

The gas window in this basin reportedly is at about 2 km depth.

Significant shale gas potential exists within the 8,000- to 12,000-foot thick Devonian Los
Monos Formation in the Carandaity and Curupaity sub-basins of Paraguay. The Devonian is
exceptionally thick in southern Bolivia but consists mainly of coarse-grained sandstones there.
The Devonian is also deeper and structurally more complex in much of Bolivia, Figure VII-7.
Within the Los Monos, the San Alfredo Shales appear to be most prospective, comprising a
lower sandy unit and an upper thick, monotonous black shale that formed under shallow marine
conditions.™ The thickest Devonian section (8,339 feet) penetrated in the Chaco Basin was in
the Pure Oil Co. Mendoza-1 well. The Los Monos marine shale accounted for about 8,200 feet

of this section.?
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Figure VII-6: Regional Seismic Time Section Across the Chaco Basin of Bolivia and Paraguay, Showing
Thick and Mostly Flat-Lying Silurian and Devonian Source Rocks.
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Figure VII-7: Regional Cross-Section Across the Chaco Basin of Bolivia and Paraguay, Showing Thick and
Mostly Flat-Lying Silurian and Devonian Source Rocks.
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Scarce geochemical data suggest 2.5% overall average TOC for the entire Los Monos,
but richer zones are likely to be present within this thick and poorly documented unit. An
exploration well in the Curupaity sub-basin measured up to 2.1% TOC in the Los Monos.
Independent E&P Amerisur reports TOC of 1.44% to 1.86% in the Devonian Los Monos Fm in
the Curupaity sub-basin.*®* Depth to the Los Monos Shale can exceed 10,000 feet (3,000 m) in
deep synclines such as the San Pedro Trough.***® Structural uplifts within the Chaco Basin

have high geothermal gradients and are gas-prone.

Another potential source rock is the Puesto Guardian Member in the lower portion of the
U. Cretaceous Yacoraite Formation. The Puesto Guardian reportedly contains about 78 m of
black shale within a 6,000-km? area of the Pirity Sub-basin of the Cretaceous Basin.'® TOC is

up to 12%, consisting of Type Il / Ill amorphous and algal kerogen that was deposited in
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lacustrine to restricted marine environments. Peak hydrocarbon maturation and charge is
estimated to have occurred 34-40 million years ago, with current maturity in the oil window.
However, the potential of the Cretaceous shale was not assessed due to insufficient geologic

control.

2.2 Reservoir Properties (Prospective Area)

The Devonian Los Monos Formation is exceptionally thick (as much as 12,000 feet) in
the Chaco Basin, of which 2,000 feet (San Alfredo Shales) was conservatively assumed to be
organic-rich. Faulting is not extensive, thus relatively little area is sterilized due to structural

complexity.

The shale matrix reportedly consists primarily of brittle minerals such as calcite,
dolomite, albite feldspar, ankerite, quartz as well as significant rutile and pyrite. Some clay is
present -- mainly illite, kaolinite and chlorite — but is considered “less common.”’ Temperature
gradients range from elevated 1.9°F/100 feet on structural highs to 1.0°F/100 feet in the

Carandaity sub-basin.

Depth and thermal maturity of the Devonian Los Monos Formation are relatively well
constrained in the Paraguay portion of the Chaco Basin. The prospective area in Paraguay is
estimated at 22,210 mi?, of which 6,200 mi? is in the oil window; 7,450 mi? is in the wet
gas/condensate thermal maturity window; and 8,560 mi? is in the dry gas window. An additional
8,760 mi’ is prospective in Bolivia, of which 670 mi? is in the oil window; 2,440 mi? is in the wet

gas/condensate thermal maturity window; and 5,650 mi® is in the dry gas window.

2.3 Resource Assessment

Risked, technically recoverable shale gas and shale oil resources from the Devonian Los
Monos black shale in the Paraguay portion of the Chaco Basin are estimated at 67 Tcf of shale
gas and 3.2 billion barrels of shale oil and condensate, Tables VII-1 and VII-2. Bolivia has
further estimated resources of 37 Tcf of shale gas and 0.6 billion barrels of shale oil and
condensate. Risked shale gas and shale oil in-place are estimated at 457 Tcf of shale gas and
75 billion barrels of shale oil for the two countries. The play has moderate to high net resource
concentrations of 28 to 141 Bcf/mi? for shale gas and 19 to 46 million bbl/mi? for shale oil,

depending on thermal maturity window.

June, 2013 VII-12 &

Advanced Resources
International, Inc.



VII. Other South America EIA/ARI World Shale Gas and Shale Oil Resource Assessment

2.4  Recent Activity

Initial shale evaluation is occurring on existing conventional petroleum exploration leases
in the Chaco Basin, but no shale-specific drilling or testing has occurred yet. President Energy
PLC (UK) holds eight conventional petroleum exploration licenses which it considers to have

shale gas/oil potential.

3 MAGALLANES BASIN (CHILE)
3.1 Introduction and Geologic Setting

Located in southern Patagonia, the 65,000-mi® Austral-Magallanes Basin has promising
but untested shale gas potential, Figure VII-8. While most of the basin is in Argentina, where it
is called the Austral Basin, a portion of the basin is located in Chile’s Tierra del Fuego region,
where it is referred to as the Magallanes Basin. The Chile portion of the basin, which started
producing conventional natural gas over 60 years ago, currently accounts for most of that
country’s oil and gas output, produced primarily from deltaic to fluvial sandstones in the Early
Cretaceous Springhill Formation at depths of about 6,000 feet.

The Magallanes Basin comprises two main structural regions: a normal faulted eastern
region and a thrust faulted western area. The basin contains a thick sequence of Upper
Cretaceous and Tertiary sedimentary and volcaniclastic rocks which unconformably overlie
deformed metamorphic basement of Paleozoic age. Total sediment thickness ranges from
3,000 to 6,000 feet along the eastern coast to a maximum 25,000 feet along the basin axis.
Jurassic and Lower Cretaceous petroleum source rocks are present at moderate depths of
6,000 to 10,000 feet across large areas.’® The overlying Cretaceous section comprises mainly
deepwater turbidite clastic deposits up to 4 km thick, which appear to lack shale gas and oll

potential.*®
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Figure VII-8: Prospective Area of the L. Cretaceous Estratos con Favrella Formation, Magallanes Basin, Chile
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The organic-rich shales of Jurassic and Early Cretaceous age formed under anoxic

marine conditions within a Neocomian sag on the edge of the Andes margin, Figure VII-9. The

basal sequence consists of Jurassic source rocks that accumulated under restricted lacustrine

conditions within small half-grabens. Interbedded shale and sandstone of the Zapata and Punta

Barrosa formations were deposited in a shallow-water marine environment.*> The mid-lower

Jurassic Tobifera Formation contains 1% to 3% TOC (maximum 10% in coaly shales),

consisting of Types | to Il kerogen.

insufficiently brittle for shale exploration.

Figure VII-9: Stratigraphy of the Austral-Magallanes Basin, Argentina and Chile
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Overlying the Tobifera Fm are more prospective shales within the Early Cretaceous
Estratos con Favrella Formation (or Lower Inoceramus or Palermo Aike in Argentina), deposited
under shallow water marine conditions. The Lower Inoceramus Formation is 50 to 400 m thick.
In the Argentina portion of the basin, the total shale thickness (including the Magnas Verdes
Formation) ranges from 800 feet thick in the north to 4,000 feet thick in the south, representing
neritic facies deposited in a low-energy and anoxic environment.”* Total organic content of
these two main source rocks have been reported to range from 1.0% to 2.0%, with hydrogen
index of 150 to 550 mg/g.?? More recent analysis conducted by Chesapeake Energy of the
Lower Cretaceous Estratos con Favrella Formation in Chile indicates this unit contains marine-

deposited shale with consistently good to excellent (up to 6%) TOC, particularly near its base.?

Figure VII-10, a seismic time section across the basin, shows the 180-m thick Estratos
con Favrella Formation dipping gently west in a relatively simple structural setting. Net organic-
rich shale thickness was estimated by ENAP to be only 40 to 120 ft, although this appears
conservative and we assumed 280 net ft. ENAP also estimated porosity of 6% to 12%, but we
assumed a more conservative estimate of 6%. Thermal maturity increases gradually with depth
in a half-moon pattern, ranging from oil-prone (R, 0.8%) to dry gas prone (R, 2.0%). The

transition from wet to dry gas (R, 1.3%) occurs at a depth of about 3,600 m in this basin.?*

3.2 Reservoir Properties (Prospective Area)

Chile’s portion of the Magallanes Basin has an estimated 5,000-mi® prospective area
with organic-rich shale in the Estratos con Favrella and adjoining Lower Cretaceous formations.
Of this total prospective area, about 1,580 mi? is in the oil window; 1,920 mi? is in the wet
gas/condensate thermal maturity window; and 1,500 mi? is in the dry gas window. The Estratos
con Favrella and adjoining shales average about 800 ft thick (organic-rich), 8,000 to 13,500 ft
deep, and have estimated 3.5% average TOC. Thermal maturity (R,) ranges from 0.7% to 2.0%
depending mainly on depth. Porosity is estimated at about 5%. The Estancia Los Lagunas gas
condensate field in southeast Argentina measured a 0.46 psi/ft pressure gradient with elevated
temperature gradients in the Serie Tobifera Fm, immediately underlying the Lower Inoceramus

equivalent.?®
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Figure VII- 10: Seismic Time Section Across the Magallanes Basin, Showing Marine Source Rock Shales in
the 180-m Thick L. Cretaceous Estratos con Favrella Formation within a Relatively Simple Structural Setting.
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3.3 Resource Assessment

Risked, technically recoverable shale gas and oil resources from the Estratos con
Favrella and adjoining Lower Cretaceous formations in the Chile portion of the Magallanes
Basin are estimated at 48 Tcf of shale gas and 2.4 billion barrels of shale oil and condensate,
Tables VII-1 and VII-2. Risked shale gas and shale oil in-place are estimated at 228 Tcf and 47
billion barrels, respectively. The play has moderate to high net resource concentrations of 33 to
156 Bcf/mi® for shale gas and 15 to 48 million bbl/mi® for shale oil, depending on thermal

maturity window.

3.4 Recent Activity

No shale leasing or exploration activity has been reported in the Magallanes Basin.
Methanex operates a methanol manufacturing plant in the basin which is running at about 10%
of its 2 million t/lyear capacity due to local shortages of natural gas supply.”® During 2011-2,
Methanex had partnered with ENAP on conventional oil and gas exploration in the Magallanes
Basin and also had expressed interest in shale gas exploration. However, recently the
company decided to relocate about half of its methanol production capacity in Chile to

Louisiana, USA.%’
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UK-based GeoPark holds conventional petroleum leases in the Magallanes Basin of
Chile, which the company notes contains shales in the Estratos con Favrella Formation which
previously have produced oil. In 2012 GeoPark conducted diagnostic fracture injection tests on

eight wells on the Fell Block to determine reservoir properties of the shale.?®
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