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USGS PROVINCE: Putumayo-Oriente-Maranon Basin (6041) GEOLOGIST: D.K. Higley
TOTAL PETROLEUM SYSTEM: Mesozoic-Cenozoic (604101)
ASSESSMENT UNIT: Hdlin-Napo (60410101)

DESCRIPTION: All petroleum production from this province is from Cretaceous and minor
Tertiary age reservoirs. Cretaceous shales are also the primary hydrocarbon source rocks.

SOURCE ROCKS: Themgor oil and gas source rocksin the province are Early through Late
Cretaceous Shdes of marine and mixed marine and terrestrid depositiona environments. These are
the Cretaceous (1) Caballos Formation and Villeta“U” Sandstone of the Putumayo Basin, (2) the
Hollin and Napo Formations of the Oriente Basin, and (3) Raya and Chonta Shales of the Maranon
Basin. The Triassc and Jurassic Pucara and Sarayaquillo Groups of the Maranon Basin dso exhibit
some potentia as source rocks.

MATURATION: Primary time of source rock maturation is the regiondly pervasive late Miocene-
early Pliocene (Quechualll) event that is expressed by thrusting and compressiond folding over most
of sub-Andean Peru (Mathadone and Montoya, 1995). Across South America, source rock units as
old as Ordovician and as young as Neogene (Miocene and Pliocene time) have become mature in the
Neogene phase(s) of basin development (Pinddll and Tabbutt, 1995). Marksteiner and Aleman
(1996) believe the main phase for hydrocarbon generation and migration was from Late Cretaceous
to Middle Eocene.

MIGRATION: Almog dl of the current production is from within the zone of source rocks that are
thermally mature for oil, suggesting thet laterd migration is limited and thet migration is primarily
vertica or from bounding shdes. Ramon (1996) believes that oil migration in the Putumayo Basin has
primarily been gratigrgphicaly updip, with only limited vertica migration through faults, reservoirs are
laterdly drained and verticdly isolated. Oils are commonly biodegraded and (or) water-washed in
reservoirs located near the eastern margin of the area of thermally mature source rocks.

RESERVOIR ROCKS: Primary reservair intervas are the (1) Cretaceous Villeta Formation in the
Putumayo Basin, with lesser amounts of ail in the Cretaceous Caballos and Tertiary Pepino
Formations, (2) the'U" and 'T" Sandstones of the Cretaceous Ngpo Formation in the Oriente Basin,
with lesser production from the Tena Formation, and the 'M1' Sandstone of the Napo Formation, and
(3) Cretaceous Agua Caliente, Chonta, and Vivian Formations in the Maranon Basin.

TRAPSAND SEALS: Exiding fiddsin the Putumayo-Oriente-Maranon Basin largely produce
sructurdly trapped oil. Mogt of the reservoirsin fluvio-ddtaic and marine sandstones of the Hallin
and Napo Formations are low-relief north-south oriented anticlines of two digtinct types: (1) footwall
anticlines associated with norma faults or (2) hanging wal anticlines associated with reverse faults
(Dashwood and Abbotts, 1990). Stratigraphic traps are formed mainly by termination of porous and
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permesble fluvia or marine sandstone facies againg lower-depositiona- energy mudstone and
mudstone- sandstone sequences. Reservoir seds are primarily interbedded marine shales and
overlying Cretaceous and Tertiary Shales.
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SEVENTH APPROXIMATION
NEW MILLENNIUM WORLD PETROLEUM ASSESSMENT
DATA FORM FOR CONVENTIONAL ASSESSMENT UNITS

Date: ..o 2/4/99

Assessment Geologist:........ D.K. Higley

Region:.......c.coevviiiiiiinn Central and South America Number: 6
Province:........coooiiiiiiienen. Putumayo-Oriente-Maranon Basin Number: 6041
Priority or Boutique............. Priority

Total Petroleum System:...... Mesozoic-Cenozoic Number: 604101
Assessment Unit:............... Hollin-Napo Number: 60410101
* Notes from Assessor Rocky Mountain Region growth factors.

CHARACTERISTICS OF ASSESSMENT UNIT
Oil (<20,000 cfg/bo overall) or Gas (>20,000 cfg/bo overall):... Oil

What is the minimum field size?.......... 1 mmboe grown (>1mmboe)
(the smallest field that has potential to be added to reserves in the next 30 years)

Number of discovered fields exceeding minimum size:............ Oil: 131 Gas: 0
Established (>13 fields) X Frontier (1-13 fields) Hypothetical (no fields)

Median size (grown) of discovered oil fields (mmboe):

1st 3rd 315 2nd 3rd 13.2 3rd 3rd 12.2
Median size (grown) of discovered gas fields (bcfg):

1st 3rd 2nd 3rd 3rd 3rd
Assessment-Unit Probabilities:

Attribute Probability of occurrence (0-1.0)

1. CHARGE: Adequate petroleum charge for an undiscovered field > minimum size.................. 1.0
2. ROCKS: Adequate reservoirs, traps, and seals for an undiscovered field > minimum size...... 1.0
3. TIMING OF GEOLOGIC EVENTS: Favorable timing for an undiscovered field > minimum size 1.0
Assessment-Unit GEOLOGIC Probability (Productof 1,2, and 3):......cccceevvvmieeennns 1.0

4. ACCESSIBILITY: Adequate location to allow exploration for an undiscovered field
B 01110 T T g T 2= 1.0

UNDISCOVERED FIELDS
Number of Undiscovered Fields: How many undiscovered fields exist that are > minimum size?:
(uncertainty of fixed but unknown values)

Oilfields:......oii min. no. (>0) 30 median no. 120 max no. 300
Gasfields:.........oooviiiii min. no. (>0) median no. max no.

Size of Undiscovered Fields: What are the anticipated sizes (grown) of the above fields?:
(variations in the sizes of undiscovered fields)

Oil in oil fields (mmbo).................ccocce.es min. size 1 median size 9 max. size 750
Gas in gas fields (bcfg):......oovieiiiiiiinns min. size median size max. size
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AVERAGE RATIOS FOR UNDISCOVERED FIELDS, TO ASSESS COPRODUCTS

(uncertainty of fixed but unknown values)

Oil Fields: minimum median maximum
Gas/oil ratio (cfg/b0).......ccviiiiiiiiiiii e 125 250 375
NGL/gas ratio (bngl/mmcfg)............cooeiiennnee. 10 20 30

Gas fields: minimum median maximum
Liquids/gas ratio (bngl/mmcfg)..............cccooeennee.

Oil/gas ratio (bo/mmcfg).......cccoeveeiiiiiiiiiiin,
SELECTED ANCILLARY DATA FOR UNDISCOVERED FIELDS
(variations in the properties of undiscovered fields)

Oil Fields: minimum median maximum
API gravity (degrees)........cccovveieeiieiiiaeinaeen 8 24.3 46
Sulfur content of Oil (%).......ccoeviiiiiiiiiin, 0.03 0.61 3.05
Drilling Depth (M) .....cooviiiiii e 900 3200 4900
Depth (m) of water (if applicable).......................

Gas Fields: minimum median maximum
Inert gas content (%0).........ccoeviiieiieiiiiieieeieenn
CO, CONENE (Y0) e e e e et e e
Hydrogen-sulfide content(%)............ccceeeeeennanes
Drilling Depth (M) ......ooviei i,

Depth (m) of water (if applicable)......................
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Assessment Unit (hame, no.)
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ALLOCATION OF UNDISCOVERED RESOURCES IN THE ASSESSMENT UNIT
TO COUNTRIES OR OTHER LAND PARCELS (uncertainty of fixed but unknown values)

1. Colombia represents 31 areal % of the total assessment unit

Oil in Oil Fields: minimum median maximum
Richness factor (unitless multiplier):..................
Volume % in parcel (areal % x richness factor):... 25
Portion of volume % that is offshore (0-100%)...... 0

Gas in Gas Fields: minimum median maximum

Volume % in parcel (areal % x richness factor):...
Portion of volume % that is offshore (0-100%)......

2. Ecuador represents 15 areal % of the total assessment unit

Oilin Oil Fields: minimum median maximum
Richness factor (unitless multiplier):..................
Volume % in parcel (areal % x richness factor):... 25
Portion of volume % that is offshore (0-100%)...... 0

Gas in Gas Fields: minimum median maximum

Volume % in parcel (areal % x richness factor):...
Portion of volume % that is offshore (0-100%)......

3. Peru represents 54 areal % of the total assessment unit

Oilin Oil Fields: minimum median maximum
Richness factor (unitless multiplier):..................
Volume % in parcel (areal % x richness factor):... 50
Portion of volume % that is offshore (0-100%)...... 0

Gas in Gas Fields: minimum median maximum

Volume % in parcel (areal % x richness factor):...
Portion of volume % that is offshore (0-100%)......
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Hollin-Napo, AU 60410101
Undiscovered Field-Size Distribution
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