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Abstract

Morth Papua Basin Is a forearc basin located In the Morth Papua, Indonesla. The basin
has been categonzed as frontlier Dasin due to limited exploration acthvitles. There nave
bean 10 wells drilied since 1950, 5 wells of which are dry, 1well with oll and gas show,
and & wells wers plugged and abandoned dus to overpressura. Neverthaless
Nydrocarbons Nave oocurred WIthin the Dasin as Indicated by one well with
hydrocarbon shows and the presence of famous oll seep of the Teer River. This study
will show new results of geochemical analyses of the oll seep and petroleumn system
evaluation, Improving the basins progpectivity. The oll seep nas been sampled and
analysed for thelr blomarkers UsIing gas chromatography (GC) and gas
chromatography)’ miass spectrometry (GG MS) of saturate triterpanes myz 191, steranes
Mz 217, and aromatic metiyl phenanthrens (myz 178 and miz 192). The ofl seep I minor
biodegraded based on the distrioution of n-alkanes. The [soprenold pristane/ phytane
ratio Indicates that the oll was generated from shaly to coally source rocks deposited In
lowy reduction environment. High peak of Oleanane from triterpanes and the
appearance of Blcadinanes from steranes conclude that the source rocks are Miocena
In age at the oldest, from kerogen type |11, Based on methyl phenanthrens distrioution,
the oll was generated from a maturlty equivalent with Ro of 0.9 [optimurn maturity)
Bacad on gec:r*m cal analyses and geologic setting of the North Papua Bacin r*“
strongest candidates for the active source rocks are those within the Middle- Late
Miocene Maka 1:' El"u:l lor Earty Pliocens Memberamo “B” Formatlons. The sedirments of
| otn formations were deposited In terestrial to transitionestuaring emircnments
wihlch fit with the oll characteristics. Based on t"IE-r”'EI rnaturtty profiles of existing
wells, the depth of around 4,000 m Is the ':pl:u window In the area. The presence of
SOUFCE FOCKS generating olis 35 shown oy the o '“pn fthe Teer River IS the most
Irmportant elernent and process of the patroleun systern of this area. Other elements
and processes of petroleum systems Including reservolrs, seal rocks and trap formation
exlst In the basin based on the geologlc setting but nead further data and studles to
resolve. These provide opportunities for petroleurn exploration In Morth Papua Basin
which o far has been under-explored. Keywords. North Papua Basin, Makats and
Mermberama "B Formations, Teer River ofl seep, geochemistry, petraleum system
evaluation.
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Opportunities in Frontier North Papua Basin, Indonesia: Constraints from
Oil Seep of The Teer River and its Expected Petroleum System

Junita T. Musu*, Himawan Sutanto*, David V. Mamengko**, Anggi Yusriani¥,
Andi Mannappiang *, Awang H. Satyana***

*Research and Development Center for Oil and Gas Technology “LEMIGAS”
Jl. Ciledug Raya Kav. 109, Cipulir, 12230 Jakarta Indonesia
** State University of Papua
JI. Gunung Salju, AmbanManokwari 98314 Papua Indonesia
*xx SKKMIGAS
WismaMulia, Jl. Jendral Gatoto Subroto Kav. 42, 12710 Jakarta Indonesia

Abstract

North Papua Basin is a forearc basin located in the northern part of Papua, Indonesia. The basin
has been categorized as frontier basin due to limited exploration activities. There have been 10
wells drilled since 1950, 5 wells of which are dry, 1 well with oil and gas show, and 4 wells were
plugged and abandoned due to overpressure.

Nevertheless, hydrocarbons have occurred within the basin as indicated by one well with
hydrocarbon shows and the presence of famous oil seep of the Teer River. This study will show new

results of geochemical analyses of the oil seep and petroleum system evaluation, improving the
basin’s prospectivity.

The oil seep has been sampled and analysed for their biomarkers using gas chromatography (GC)
and gas chromatography/ mass spectrometry (GC/ MS) of saturate triterpanes m/z 191, steranes
m/z 217, and aromatic methyl phenanthrene (m/z 178 and m/z 192). The oil seep is minor
biodegraded based on the distribution of n-alkanes. The isoprenoid pristane/ phytane ratio
indicates that the cii was generated from shaly to coally source rocks deposited in oxidizing
environment. High peak of Oleanane from triterpanes and the appearance of Bicadinanes from
steranes conclude that the source rocks are Miocene in age at the oldest, from kerogen type lll.
Based on methy! phenanthrene distribution, the oil was generated from a maturity equivalent
with Ro of 0.9 (optimum maturity).

Based on geochemica!l analyses and geologic setting of the North Papua Basin, the strongest
candidates for the active source rocks are those within the Middle- Late Miocene Makats and/or
Early Pliocene Memberamo “B” Formations. The sediments of both formations were deposited in
terestrial to transition/estuarine environments which fit with the oil characteristics. Based on
thermal maturity profiles of existing wells; the depth of around 4,000 m is the top of oil window in
the area.

The presence of source rocks generating oils as shown by the oil seep of the Teer River is the most
important element and process of the petroleum system of this area. Other elements and
processes of petroleum systems including reservoirs, seal rocks and trap formation exist in the
basin based on ine geologic setting but need further data and studies to resolve. These provide
opportunities for petroleum exploration in North Papua Basin which so far has been under-
explorea.

Keywords : North Papud Basin, Makats and Memberamo “B” Formations, Teer River oil seep,
geocnemicai analysis and petroleum system evaluaticn.

Introduction

North Papua Basin is a fore arc basin located on the north coast of Papua, where the exploration
activity is still insignificant. However, the presence of hydrocarbons is characterized by the
presence of oil seeps of the River Teer (Mamengko et al., 2014 ). The occurrence of hydrocarbons
(Figure 1) is evidence of interest for further investigation of the petroleum system in the fore arc
basin which is expected can provide indications for exploration within this area.

2k Location map
Pacific Ocean

Study area

Figure 1. Oil seepage at Teer River

Regicnal Geeclogy

North Papua Basin is a deep structural depression (Figure 2) filled by thick Neogene and
Quaternary depositional sequences (Figure 3). Tectonically, it is a forearc basin which was resulted
from convergent movement of the Australian continental plate and the Pacific Plate or Carolina
Micro Plate. Throughout the Pliocene until now, the center of the basin has been passed by a large
fault (major left-lateral strike slip fault), known as Yapen Fault Zone (Mamengko et al., 2012).
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Methodology

Geochemistry: This study uses oil samples from the Teer River and are analyzed using gas
chromatography (GC), gas chromatography mass spectrometry (GC-MS). The samples were
prepared for hydrocarbon GC analysis, and prepared to column DR-1 (1&W) GS with a size of 10 mx
0:21 mm inner diameter by using split-less injection. The MS conditions is ionized mode (electron
iImpact - El, EM voltage was 1980 volts; electron energy was 70 eV and source temperature of 250°
C). Oil seeps are tested based on the occurrences of normal alkanes, including isoprenoid,
triterpane, sterane, and carbon isotopes. Biomarker data used in this study is limited only on
common massion, namely triterpane (m/z 191) and sterane (m /z 217). The later stage is analyzed
to determine source rocks, depositional environments of source rocks, and thermal maturity level

of oil seeps using methyl phenanthrene aromatic hydrocarbon based distribution (m/z178 and
192).

Basin Modeling: Basin modeling was conducted to determine the potential kitchen.

2D modeling uses the software (s/w) Temis 2D version 4.0.2.

Parameters:

Surface Temperature 7

Geothermal Gradient :0.04°C/m

Bottom Temperature +180°€

Bottom Heatflow :0.065 W/m?

Capillary pressure:

Sourcerock :6710.00 Mpa, T (min) 5.00 Mpa

Seal 10 20.00 Mpa, T (min) 8.00 Mpa

Reservoirrock/carrier :6120.00 Mpa, (min) 0.04 Mpa
Permeability :
Reservoir rock :5.00E+07 (Kozeny-Carman Law)

Seal :5.00E+07 (Kozeny-Carman Law)

Reservoirrock/carrier :1.50E+07 (Kozeny-Carman Law)
Kerogen type

Sourcerock of Makats Fermation :TOC3.5%, Typelll

Sourcerock of Silat Formatic: : TOC4.5%, Type ll]

Results and Discussion

Hydrocaioons with a predominance odd carbon number (Figure 4) generally indicates terrestrial
depositional environment. Moreover, the ratio Pristane/phytane greater than 3 can be
interpreted as a hydrocarbon source rocks deposited in oxidizing conditions with the type of coals
orsilty coais {ten Haven et al., 1988; Peters et al., 2005).

Analysis of GC/ MS is focused on sterane (m/ z 217) and triterpane (m/ z 191). Triterpane and
sterane biomarkers can show the organic matters forming hydrocarbons and their depositional
environments. Results of the analysis of GC/ MS on samples of hydrocarbon from River Teer
(Figures 5 and 6) show the abundance bicadinane (m/ z 217) and oleanane (m/ z 191) which
indicates the source rock-forming hydrocarbons is Tertiary with terrestrial organic material
especially flowering plants or Angiosperm (Van Aarssen et al., 1992; Peters et al., 2005). Triangular
diagram C27, C28 and C29 (Figure 7) shows that the hydrocarbons derived from source rock
containing organic materia!l or estuarine bay.

Hydrocarbon samples also showed maturity (Rc) of the source rock is 0.9 based on the calculation

of aromatic methyl phenanthrenem/z 178 and 192 (Figure 8).
Basin modeling (Figure 9) shows early oil window occurs at a depth of approximately 3000 meters.

Gas Chromatography-Mass Spectrometry
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Figure 7. Triangular plot shows R
source rock of hydrocarbon were |. o
from bay or estuarine.

Aromatic Ratio

Napthalene Ratio Phenanthrene Ratio

DNR-1 : MPI-1 : 0.85 I Rel UHII

DNR-6 : MPI-2 :  0.74 Re2 : 0.95
TNR-1 - MPR-1 : 2.28 Rol 1.04
TNR-3 : MPR-2 : 1.04 Ro2 : 0.76
TNR-4 : F1 . 054 C.TA (%)/C.TA + CTA
F2  : 023 C..TA (%)/C.,MA + C.,TA

Figure 8. Gas Chromatography Mass Spectrometry of aromatic
fraction (m/z 178 dan 192) shows thermal maturity of Teer
River.
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Figure 4, Gas Chromatography of hydrocarbon Figure 5. Gas Chromatography Mass

sample from Teer River shows the ratio of Pr/Ph Spectrometry (m/z 217) of hydrocarbon sample

(Darmanand Mamengko,2007). of Teer River shows the occurence of bicadinane
as an indication of higher plant of Tetiary.

Gas “hromatography-Mass Spectrometry
Triterpanes jmiz 151)

Oleanane

Figure 6. Gas Chromatography Mass
Spectrometry (m/z 191) of hydrocarbon sample
of Teer River shows the domination of Oleanane
peak of higher plant as an indication of
terrestrial organic material.

Retention time

Figure 9. 2D modeling of key seismic lines showing oil and gas window in studied area.

Conclusion

e Results of analysis of oil seeps at Teer River have characteristics of Tertiary source rock with
terrestrial to bay/ estuarine environment with organic material derived from higher plants or
,Angiosperm with oxidizing conditions. Type of source rocks are considered as shales,
carbonaceous shales or coals. Based on these results, the source rocks are mostlikely Makats

or Memberamo "B“ Formations.

* The presence of source rocks generating oils as shown by the oil seep of the Teer River shows
the presence of active petroleum system within the study area. Further study is worth to do to

examine kitchen distribution and identifying traps.
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e Abstract

North Papua Basin is.a foréarc basin lo'ca!ed ln‘lhe northern part of Papua, Indonesia. The basin
has been categorized as frontier basin due to limited exploration activities. There have been 10
wells drilled since 1950, 5 wells of which are dry, 1 well with ol and gas show, and 4 wells were
plugged and abandoned due to overpressure,

Nevertheless, hydrocarbons have occurred within the basin as indicated by one well with
hydrocarbon shows and the presence or!amnuxoll seep of the Teer River. This study will show new
results of geochemical analyses of the oll seép hnd petroleum system evaluation, improving the
basin’s prospectivity.

The oil seep has been sampled and analysed for their biomarkers using gas chromatography (GC)
and gas chromatography/ mass spectrometry (GC/ MS) of saturate triterpanes m/z 191, steranes
m/z 217, and aromatic methyl phenanthrene (m/z 178 and m/z 192). The oil seep is minor
biodegraded based on the distribution of n-alkanes. The isoprenoid pristane/ phytane ratio
indicates that the oil was generated from shaly to coally source rocks depositéd in oxidizing
environment. High peak of Oleanane from triterpanes and the appearance of Bicadinanes from
steranes conclude that the source rocks are Miocene in age at the oldest, from kerogen type IIl.
Based on methyl phenanthrene distribution, the oil was generated from a maturity equivalent
with Ro of0.8 (optimum maturity). S

Based-o'n'geochemical analyses and geologic setting of the North Papua Basin, the strongest
candidates for the active source rocks are those within the Middle- Late Miocene Makats and/or
Early Pliocene Memberamo “B” Formations. The sediments of both formations were deposited in
terestrial to transition/estuarine environments which fit with the oil characteristics. Based on
thermal maturity profiles of existing wells; the depth of around 4,000 m is the top of oil window in
the area.

The presence of source rocks generating oils as shown by the oil seep of the Teer River is the most
important element and process of the petroleum system of this area. Other elements and
processes of petroleum systems including reservoirs, seal rocks and trap formation exist in the
basin based on the geologic setting but need further data and studies to resolve. These provide
opportunities for petroleum exploration in North Papua Basin which so far has been under-
explored.

Keywords : North Papua Basin, Makats and Memberamo “B” Formations, Teer River oil seep,
geochemical analysis and petroleum system evaluation.

Introduction

North Papua Basin is a fore arc basin located on the north coast of Papua, where the exploration
activity is still insignificant. However, the presence of hydrocarbons is characterized by the
preserice of oil seeps of the River Teer (Mamengko et al., 2014 ). The occurrence of hydrocarbons
(Figuf&1) is evidence of interest for further investigation of the petroleum system in the fore arc
basin which is expected can provide indications for exploration within this area.

Rombebal Lake

Regional Geology

North Papua Basin is a deep structural depression (Figure 2) filled by thick Neogene and
Quaternary depositional sequences (Figure 3). Tectonically, itis a forearc basin which was resulted
from convergent movement of the Australian continental plate and the Pacific Plate or Carolina
Micro Plate. Throughout the Pliocene until now, the center of the basin has been passed by a large
fault (major left-lateral strike slip fault), known as Yapen Fault Zone (Mamengko et al., 2012).
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Geochemistry: This study uses oil samples from the Teer River and are analyzed using gas
chromatography (GC), gas chromatography mass spectrometry (GC-MS). The samples were
prepared for hydrocarbon GC analysis, and prepared to column DB-1 (J&W) GS with asize of 10 mx
0:21 mm inner diameter by using split-less injection. The MS conditions Is ionized mode (electron
impact - El, EM voltage was 1980 volts; electron energy was 70 eV and source temperature of 250"
C). Oil seeps are tested based on the occurrences of normal alkanes, including Isoprenoid,
triterpane, sterane, and carbon isotopes. Biomarker data used In this study is limited only on
common mass ion, namely triterpane (m/z 191) and sterane (m /2 217). The later stage is analyzed
to determine source rocks, depositional environments of source rocks, and thermal maturity level
of oil seeps using methyl phenanthrene aromatic hydrocarbon based distribution (m/ z 178 and
192).
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Figure 4. Gas Chromatography of hydrocarbon Figure 5. Gas Chromatography Mass
sample from Teer River shows the ratio of Pr/Ph  Spectrometry (m/z 217) of hydrocarbon sample
Basin Modeling: Basin modeling was conducted to determine the potential kitchen (Darmanand Mamengko, 2007). of Teer River shows the occurence of bicadinane
asanindication of higher plant of Tetiary.
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+ Results of analysis of oil seeps at Teer River have characteristics of Tertiary source rock with

2D modeling uses the software (s/w) Temis 2D version 4.0.2 terrestrial to bay/ estuarine environment with organic material derived from higher plants or

- Angiosperm with oxidizing conditions. Type of source rocks are considered as shales,
Parameters: Ty W1 carbonaceous shales or coals. Based on these results, the source rocks are mostlikely Makats
Surface Temperature :28°C or Memberamo “B” Formations.

Geothermal Gradient -0.04°C/m
Bottom Temperature :180°C * The presence of source rocks generating oils as shown by the oil seep of the Teer River shows
Bottom Heatflow :0.065W/m* the presence of active petroleumn system within the study area. Further study is worth to do to
examine kitchen distribution and identifying traps.
ure:

Source rock : 6 X10.00 Mpa, x(min) 5.00 Mpa :

Seal : 8% 20.00 Mpa, x(min) 8.00 Mpa m
Reservoir rock/ carrier :6X20.00 Mpa, x(min) 0.04 Mpa Figure 6. Gas Chromatography Mass " e

Spectrometry (m/z 191) of hydrocarbon sample
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