"SAn Overview of Geochemical Exploration of Hydrocarbons
in Papuan Basin, Papua New Guinea*

Shadrach K. Noku?!

Search and Discovery Acrticle #11326 (2020)**
Posted May 25, 2020

*Adapted from poster presentation given at 1st AAPG/EAGE PNG Geoscience Conference & Exhibition, PNG’s Qil and Gas Industry Maturing Through Exploration, Development
and Production, Port Moreshy, Papua New Guinea, February 25-27, 2020
**Datapages © 2020. Serial rights given by author. For all other rights contact author directly. DOI:10.1306/11326Noku2020

'Kumul Petroleum Holdings Ltd., Papua, New Guinea (SNoku@kumulpetroleum.com)
Abstract

Papua New Guinea has five sedimentary basins of which only one (Papuan basin) is a producing basin. Exploration efforts in the larger Papuan basin has
been in progress for decades. The larger Papuan basin is characterized by varied geology, age, tectonics and depositional environments. Hydrocarbon
shows, oil and gas discoveries in commercial, sub-commercial and non-commercial quantities have been made. Petroleum production is limited to the
highlands of Papuan fold belt at present. Exploration for hydrocarbon in Papuan basin is challenging due to structural complexity, poor-fair quality
seismic and limited dataset. The purpose of this study is to evaluate source rock and hydrocarbon geochemical data available to improve our
understanding of burial history, maturity, timing of hydrocarbon generation and migration. This will help constrain opportunities to develop new
petroleum charge models for geological features across the Papuan basin and to lower exploration risk. The present-day oil accumulations in the Papuan
fold belt fields such as Kutubu (lagifu, Hedinia) and Gobe are thought to be derived from clay-rich, Jurassic marine source rocks containing mixed
algal—terrigeneous organic matter that were deposited in oxic environments possibly along shelf slopes. The co-reservoired natural gases suggest a
substantial gas input from the basinal facies further to the north/northwest, reflecting relatively more marine-influence, high maturity, and cracking-
genesis attributes. The basinal facies of Jurassic source rocks may have only contributed highly mature gas-condensate to the current deposits (Hides,
Juha, P’nyang), however, implying a loss of the earlier-generated black oils. Published data for geochemical characteristics of recovered oils, oil extracts,
fluid inclusion oils, condensates, and oil/gas seeps suggest two major families of hydrocarbons occurring in both the western and eastern Papuan basin
regions. Hydrocarbons in the western region (Papuan foreland) were likely sourced from Late Triassic and Late Jurassic clay-rich marine source rocks
containing terrigeneous higher plant derived organic matter (OM) deposited in a sub-oxic to oxic environments. Five oil families and two charge events
have been modelled based on the geochemical data. Hydrocarbons distributed in the eastern region were generated from Cretaceous or younger marine
carbonate source rocks deposited in an anoxic to sub-oxic conditions. Biomarker characteristics of solid bitumen extracts from Late Cretaceous Pale and
Subu sandstones indicate two separate oil charges. One (family A) is from a strongly terrestrially influenced marine source rock that may well be Jurassic
in age whereas the other (family B) originated from a marine source rock with a calcareous component, with a high proportion of prokaryotic OM and a
low proportion of terrestrial higher plant inputs. The Mesozoic rift basin of Gulf of Papua (GoP) contain more gas than oil because the Middle-Upper
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Jurassic or Lower Cretaceous marine source rocks have mixed gas-oil potential. The quality of source rocks is fair to good, typically averaging 150—300
mg HC/g rock HI and 1-2% TOC, with good average thickness of 2—3km. The Jurassic source rocks in the GoP have generated petroleum in two discrete
pulses, the first at the end of the Cretaceous and the second at the end of Cenozoic where the end-Cretaceous pulse was volumetrically more important.
Mesozoic hydrocarbons draining into Tertiary reef traps were limited because reefs were not present however, the gas-condensates accumulation in
Tertiary reefal carbonates were derived from the depleted Jurassic source rocks during the Late Cenozoic generation and migration. Numerous studies on
hydrocarbon characteristics from the larger Papuan basin indicate that the hydrocarbons are not homogeneous and display variabilities. The variabilities
are likely to be a function of lateral and vertical changes in both organic facies and source rock maturity.
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Introduction

risk.

Magobu Coal, Barikewa, Maril and Imburu Formations).

rich in the remains of land-plants and Miocene marine shales.

Petroleum exploration has a long history in Papua New Guinea (PNG), with the first well,
Upoia-1, drilled in 1912 (Rickwood, 1990). Exploration efforts in the larger Papuan basin
has been in progress for decades and focused on prospects of Mesozoic and Tertiary
age. The larger Papuan basin is characterized by varied geology, age, tectonics and
depositional environments. Typical reservoir rocks are Late Jurassic—Early Cretaceous
shoreface to estuarine sandstones and Miocene carbonates. These reservoirs are

charged virtually by Mid-Late Jurassic organic rich marine type Il and Ill shales (i.e.

Geochemical data of oil, gas and source rocks suggest hydrocarbons in the larger
Papuan basin have a variety of origins. Oil accumulations in fields such as Kutubu, Moran
and Gobe are thought to be mainly derived from clay-rich, Jurassic marine source rocks
containing terrestrially-derived organic matter that were deposited under oxic conditions.
Organic geochemistry of hydrocarbons from Papuan foreland suggest three different
generative source rocks which are (1) Late Cretaceous marine source rocks deposited in
a reducing conditions, (2) an algal-dominated lacustrine source rocks, and (3) carbonate-
rich source rocks deposited in a sub-oxic conditions. Hydrocarbons in the Eastern
Papuan basin (EPB) were generated from sources of Jurassic age enriched in clay and
terrestrial organic matter deposited in a reducing environments. Hydrocarbons discovered

in the Gulf of Papua (GoP) are believed to be generated from deltaic-marine mudstones

The purpose of this study is to evaluate source rocks and hydrocarbon geochemical data
available to improve our understanding of burial history, maturity, timing of hydrocarbon
generation and migration. This will help constrain opportunities to develop new petroleum

charge models for geological features across the Papuan basin and to lower exploration
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Fig. 11. Rock-Eval Tmax (°C) vs Hydrogen Index (mg S2/g TOC) plots indicate petroleum potential and thermal maturity for source rocks (TOC >1wt%) from the PFB (A),
Foreland and EPB (B & C). Jurassic and Cretaceous—Tertiary source rocks from the PFB have in general potential for both oil and gas, and thermal maturities generally
corresponding to the upper—-middle part of the oil window. Maturity for Jurassic source rock samples ranges from early- to post-mature. Jurassic—Cretaceous and Cainozoic
source rocks from the foreland and EPB have potential for oil and gas although some fall within the immature category. (C) Rock-Eval Tmax (°C) vs Hydrogen Index (mg S2/g
TOC) for potential source intervals from Kanau-1 well in the foreland. Data from Winn et al., 1994; Wood, 2010; Carman, 1990; Volk et al., 2005.
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Fig. 12. (A) Van Krevelen diagram of HI vs Ol indicates the Jurassic—Cretaceous source rocks of the Papuan foreland contain mostly Type I/Il organic matter although Type 11I/IV
are also present. Cenozoic source rock (Hell's Gate Complex) from EPB contains Type lll/IV organic matter. (B) Values for TOC (wt% of total organic carbon in source rock) and
S2 (source rock petroleum potential, mg petroleum per g TOC) indicate the richness and quality of source rock candidates. Only samples with TOC >1wt% are regarded as
source rock candidates. Most samples from Jurassic—Cretaceous have fair to good potential. Late Jurassic source rocks (Barikewa & Imburu FMs) have good to very good
petroleum potential. Note that increased maturity of a source rock sample decreases the petroleum potential. (C) The PI vs TMax indicates the Jurassic source rock (Barikewa

from Winn et. al.,, (1994).
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Fig. 13. A vitrinite reflectivity versus depth plot showing thermal maturity of source rock samples from various wells drilled in the (A) PFB area, (B) foreland and (C) the GoP. The
majority of samples are in the oil generating zone (the oil window) whereas significant samples fall in the immature zone. Few deeper samples in the GoP are in gas window. Data

. . . . 3 0P
oils have been insufficiently buried to reach % S5 g ']
w -
peak expulsion. There is a slight increase in =
> 4
_________ . . . . . < -_—e— em e - -
maturity in a SE direction along the axis of the 3 - -
g Sequence Stratigraphy Key
Omati Trough. Oil at Omati-1 recovered by DST - .
. . . Environmental Key . . . A )
ot indicate that Family LJ sources have reached = oraine [R @ Fig. 10. Cross-section profile interpretation of
BE H .L [ Mon-marine to shallow marine @ ‘
. \ peak expulsion in this area likely due to deeper — shollow Limestons [ deep-water GoP showing distribution of
:: [ Turbidites E
o Tt ’ burial, identified as Late Jurassic source by NG Linenine lithologies and environments, structures, traps,
e ; r T [ Basinal Claystone, Marl
008 B A IS U I N % O 0 3 0 it R 0 2 R 6 % R RGN B 2 Y "..'1..:”’ g ‘olcanics H 1 1
T ! X2 R A2 5 BR 33 KR KR R B { = B3 53 B R SR R B B N1 K51 KX KA B 50 R SR RE Bt S KR T T L . Waples & Wulff (1996). Modlfled after Wood, T m ; :r:tncgous.\]umssic @’ reserV0|rS, Sources and Seals and OII WIndOW
- . - - - - . [ Basement -
OIL FAMILY: A Family O A Family LJ A Family C O Family MC O Family L O Family Unknown 2010. S (after Jablonski et al., 2006).
g = @Reserwir @Seal .SnurceRock
Petroleum Potential of Source Rocks Organic Facies Genetic Characterization of Hydrocarbons
. Fold Belt & Eastern Basin _
Papuan Fold Belt (PFB) Foreland & Eastern Basin Foreland (lacueaTiomeial) 4 3D Methane (%) . 5'C Ethane (%)
= - 800 _ _ . 7 l Faida T % -300 -250 -200 150 -100 45 40 -35  -30 25
@ Papuan Fold Belt - Jurassic FMs T Max vs HI @ Barikewa FM Kanau-1 Well © Albian-Valaginian %C28 o £ PFB Gas-Cond Fields — (R T T T T 1 T T T T T T T [ oKokod
Immature : ‘SPapu?er}Tld Belt - Cretaceous-Tertiary FMs Immature ; i i immburu M Immature — ] @ Upper Jurassic * lagifu-7X FI Qil 24 | E . AP'nyang-1X @ Panakawa Seep
Typell g é bzﬁ i : E G;r 1 E:::T:':ua.l o0 :_' ® Middle Jl.._lraSSiC . 72? P’nyang Fl Qil PFB Oil Fields “/ _70 — am ::Invani—z);E '70 » e — g::t:LpE_:l
60 | traa,, - * & {End oil- “ Typell § i) End 0il- |} o subu-182 Typell ;| o End oil- | overMidiursse Y% lagifu-7X DST Oils 7010 P . _ e L | QAntelope2
.:.': i?i = "‘;‘ i window Postinamre | | 000 [ ::. Egi = ! WINAOW | eHell's Gate Complex = "t :" ,E > window @ Triassic <> Subu-1 Fl Ol g /',,-" e <—|\Marima ?carbonate B|Ogen|c Gas :::dignia - 80% :::\dt:r:eBase
L i ISl . i | i E.:' S . : o _ ) g 28 | i nia OS . [e0% AHides-4
% IS = s i 1D Post-mature e o ?‘. e B Post-mature < Puri-1 Ol 4 _,.«"/ o . -60 @SE !'"’d & |[-60 3 ° [ 2suma-ax
500 -~ s = s 500 -9 : LR . 2., = . O . ¥ 7 . o . < lagifu Q 3] H % | AP'nyang-1X
biouei T i HEY - HIS Plankton Subu-182 Bitumen *wl Marine e sra £ Mixed Gas | .o, 5 3| 40% | P s
g :f ; 1-8 } ﬁ % ;-_- . ﬁ S 3:‘ € Bwata-1 Cond /,.,-"/ ox;dinia-s ¢St Hedniat ® @Pand 8— & i
0 % E i " . “' } Y i - / . * Dguflx <+ Mananda-3X c andora o %
P FiTypel Si B! | TP 7 £t 21 Typel ol seomm seoms S|l - o - L 20% -
G Ol I L G 40 s it = . o H 1=43 2 1L AHides-1 © Lavani-1 = 50 - | -50
g & 14| & g | ol i §u | e Lo 2 Open Marine \ &, § & SR a0 2 2
&n ! }" :-;‘6 : g & ! ? % . E 400 Oll % - gf ) ‘_‘—Foreland Gas Fields ;p'”‘/a“g’ZXSTa SKDkU’l © C1
T Gas °ig: @i z i ® & gt o & el OMALIDT @ Ppanskaws seep O = o
E PTede =t ¢ = Gas ol | B z G i@ e l D Vals River Secps B a1 | o 9 o
T 30 i .IO I‘ E X 300 i i o “.'-_ i = & '-_ 4I3- H Q) <«+——Depleted Enriched ——» | @ Pasca A1DST1 i _40 = '40 B I(_!, N
igi® i G i1 % e R . p R 5 . ; _‘ ) _ O 4
Py ° X : ! : -Q.I - 300 1 ,. 36 34 32 30 28 26 24 22 20 ﬂ K
! 'Poﬁ o1 P vd' i -:. ! . ‘? O . 8'*C (Saturates %o) 0 C3 i o
" I' <> i L * '1',;.0 H iﬁf O Fig. 16. Carbon isotopic composition of the saturated versus aromatic
200 t oy Y X 9! : % 2 & 4 &0 Estuarine Q hydrocarbon fractions for oil and condensate families in the larger Papuan -30 N 300
Typeo Q;‘ ".’ VR=1.35% b 3 . N " 0 Typelll uel " _ , Q)""-.'_ e} basin. Moran-4X is more enriched in 8*C whereas SE Hedinia-1 shows a
g " 2 SN e he i VR=1.35% e, LORSUR N L VRE135% relative depletion in 8'*C. Uramu-1A condensate is the most &3C-enriched Post-Mature
w Gas 3 ) %WQ':.',: (A) " (B) Gas {4 g Lacustrine © O o suggesting such enriched isotopic values occur from Permian deltaic-marine 59 : Dry Gas — :
% ’09% & ~.E.5> ‘fgc‘ ‘~... R 1o AT T N h ©) \ O o Higher mudstones rich in the remains of land-plants (Edwards et al., 1997) and 1
. 3 - T g (S Foed e, o I ROUEL2% T N % Terrestrial Plant Miocene marine shales. Papuan foreland (Koko & Kanau) oils appear much _ _ _
o & %5l i L0 B e Ity N & < < < - < < < < <  %C29 depleted and suggest a different petroleum system, possibly a Triassic source. Fig. 19. Hydrocarbons from various fields across the larger Fig. 20. Thermal maturity of hydrocarbons from various fields
Yol W N e M @ dw) B s o8 e % oo o o e oo o %C27 50 100 Data from Waples & Wulff, 1996; Edwards & Zumberge, 2005, Wood, 2010. Papuan basin are characterized by two distinct isotopic across the larger Papuan basin. Most PFB and EPB oil and
T max (°C) T max (*C) T max (°C) compositions. Oil and gases in the PFB have thermogenic gases have thermogenic origin and lie on or close to the end-

origin whereas the Pandora gas in the GoP has biogenic member line, 3'*C1 —42.9%o. The foreland oil and gases show

Fig. 14. Ternary diagram showing reIatlonshlp_ be_tween the Ca27, Cgs and. C29 regular steranes in o_|Is and P rvwers origin. The data suggest there is no mixed gases and post- an increasing propane component with increasing maturity of
source rock extracts. The regular steranes |nd|cates_ the organic fages _of_ a source rock. M_ld-Late . wononton mature dry gases. Data from Waples & Wulff, 1996; source. Data from Wood, 2010 Waples & Wulff, 1996:
Jurassic anq Cretaceous source rocks havt_e both marine and _terrestnal origins. I_—|ydrocarbons in P_FB & & sxmeron Edwards & Zumberge, 2005. Edwards & Zumberge, 2005.
are predominantly sourced from marine environment whereas in the EPB have mixed source of marine otagifuaX AN
and lacustrine environments. Closed circles same as in Fig. 15. Data sources as in Fig. 16. S otagiaxost ois
@ Hedinia-8
@ SE Hedinia-1
a 1 © lagifu-2X .
FO rel an d é © lagifu-3x 21
.g © Agogo-4X
0/ 028 j’o © Moran-1XST4 24
(" (7] © Moran-ax
O Koko-1  Manande-3x wl
01 AHides-1 F
© Kanau-1 At
O Bujon—1 A P'nyang-2X FI Oil _ -26 :
O Purk-1DST16 )
O Kimu-1 OPuri-10T17 g ol o
B Uramu-1X ) ) . ) .
EEniea © Komewu-2 Fig. 21. Isotopic fingerprints of gases show systematic
0.01 - . . . f
@ Korobosea-1 01 nefncis 10 2 | e o differences in the C2-C4 gases which are predominantly of
Adiba.1 —#—Hides1(Toro 4_3053m) thermogenic origin. These differences are attributed to
1ba- i H H . H H ides-4(Toro .3m, i 1 H 1 H : H
Open Marine 3 © Fig. 17. A cross plot of isoprenoid n-alkane ratios describing the maturity | o e Alioe € mm) different thermogenic gas migration episodes during which
S ® © @ Aramia-1 and source rock facies of the petroleum samples from Papuan basin. o Hides affore € 31400m) gases of different maturities migrated into different
© Magobu Island-1 Hydrocarbons in the Papuan basin were derived from mixed organic sources ol B reservoirs of the Hides structure.
@ of both marine and terrestrial environments. Data sources as in Fig. 16. @ e i-ca n-ca
~Lompounds
Q Panakawa Seep cc o
o) %‘
N & -
_ ® ; T References
Estuarine 8 i
: ol ~o—Mananda-3X | Buchanan, P.G., Warburton, J., 1996. The influence of pre-existing basin architecture in the development of the Papuan Fold and Thrust Belt: implications for petroleum prospectivity. In: Buchanan, P.G. (Ed), Petroleum Exploration, Development and Production in
= E ~8—Moran-1X Papua New Guinea: Proceedings of the Third PNG Petroleum Convention, Port Moresby, PNG, pp. 89-109.
O O -:—::::: Carman, G.J, 1990. Occurrence and nature of Eocene strata in the eastern Papuan Basin. In: G.J. & Carman Z. (Eds.), Petroleum Exploration in Papua New Guinea. pp. 169-183.
Lacustrine o o e o Hedina1x
o ‘o & SE Hedinia Edwards, D.S., Summons, R.E., Kennard, J.K., Nicoll, R.S., Bradshaw, J., Bradshaw, M., Foster, C.B., O'Brien, G.W., Zumberge, J.E., 1997. Geochemical characteristics of Palaeozoic petroleum systems in north-western Australia. The APEA Journal, 37(1), 351-379.
% . e . O purk1
CC)) "‘-A_' Terres':nal ; - ® —o—Uramu-1A Edwards, D.S., Zumberge, J.E., 2005. The oils of western Australia II, regional petroleum geochemistry and correlation of crude oils and condensates from western Australia and Papua New Guinea, p. 515.
OA)‘E27\ \ \ \ \ \ \ \ \ \ \%C29 a—n Home, P.C., Dalton, D.G., Brannan, J., 1990. Geological Evolution of the western Papuan Basin. In: Carman, G.J. & Carman, Z. (Eds), Petroleum Exploration in Papua New Guinea: Proceedings of the First PNG Petroleum Convention, Port Moresby, PNG, pp. 107-117.
50 1 00 a > Jablonski, D., Pono S., Larsen O.A., 2006. Prospectivity of the deep-water Gulf of Papua and surrounds In Papua New Guinea (PNG)—A new
look at a frontier region. The APPEA Journal, 1-22.
Fi g . 15. Ternary diagram Showing re|ationship between the 027' Co2s and C29 regu'ar steranes in 0”3 30 Ti; Rickwood, F.K., 1990. Towards Development-The long history of petroleum exploration in Papua New Guinea. In: G.J. & Carman Z. (Eds.), Petroleum Exploration in Papua New Guinea. pp. 1-13.
and source FOCk eXtraCts. The regular Steranes indicates the Ol’ganiC faCies Of a source FOCk. Late l Volk, H., George, S.C., Middleton, H., Schofield, S., 2005. Geochemical comparison of fluid inclusion and reservoired oils in the Papuan Foreland—evidence for previously unrecognised petroleum source rocks. Organic Geochemistry, 36, 29-51.
JUraSSiC and Cretaceous source rOCks haVe bOth marine and terreStriaI Origins. Whlle feW Sourced from = €7 €8 €9 Cl0 C11 CI2 C13 C14 CI5 C16 C17 C18 C19 €20 C21 €22 €23 €24 €25 C26 cz7bcu €29 €30 31 €32 33 Sofer, Z., 1984. Stable carbon isotope compositions of crude oils: application to source depositional environments and petroleum alteration. AAPG Bulletin, 68, p. 31-49.

higher plant/coal terrestrial environments. Data from Wood, 2010.

n-alkane

Fig. 18. Carbon isotopic composition for C7+ n-alkanes of selected oils
and condensates from the Papuan Basin (data from Edwards &
Zumberge, 2005).

Wood, S., 2010. Oil potential of the upper Turama River and Fly River delta areas, Papua New Guinea Foreland. Unpublished MSc Thesis, Univ., of Adelaide, Australia.

Waples, D.W., Wulff, K.J., 1996. Genetic classification and exploration significance of oils and seeps of the Papuan Basin. In: Buchanan, P.G. (Ed.), Petroleum Exploration, Development and Production in Papua New Guinea. pp. 417-430.

Winn, S., Wilmot, J., Noonan, J., Bradshaw, J., Bradshaw, M., Foster, C., Murray, A., Vizy, J., Zuccaro, G., 1994. Australian Petroleum Systems Papuan Basin Module. Australian Geological Survey Organisation Record 1994/13.

»

»

»

»

»

»

»

»

»

»

Concluding Summary

Jurassic and Cretaceous—Tertiary source rocks from the PFB have in general potential for both oil and gas, and thermal maturities correspond to the upper—middle part of the oil window. The source rocks from both the foreland and EPB have potential for oil and gas

whereas few show immaturity.

Type IlI/lll organic matters are dominant in the Jurassic and Cretaceous—Tertiary source rocks in the larger Papuan basin with minor Type | in the older source rocks.

The Jurassic-Cretaceous source rocks (Barikewa & Imburu) generally have good to very good petroleum potential.

Vitrinite reflectivity (Ro%) suggest thermal maturity of source rocks in PFB, foreland and GoP are in the oil generating window. The deeper source rocks from GoP appear to be gas prone.

The relationship between the C27, C28 and C29 regular steranes in oils and source rock extracts indicate that Jurassic-Cretaceous source rocks in both PFB and foreland have both marine and terrestrial origin of organic facies. The EPB have mixed source of marine and

lacustrine environments.

C-isotope values suggest a relative C-enrichment for the PFB hydrocarbons. The foreland (Koko & Kanau) oils appear much depleted and suggest a different petroleum system, possibly a Triassic source.

Uramu-1A condensate is the most &3C-enriched suggesting such enriched isotopic values occur from Permian deltaic-marine mudstones rich in the remains of land-plants and/or Miocene marine shales since Permian strata not present in the GoP.

Hydrocarbons from various fields across the larger Papuan basin are characterized by two distinct isotopic compositions suggesting hydrocarbons of PFB have thermogenic origin whereas the Pandora gas (GoP) has a biogenic origin. The foreland oil and gases show
an increasing propane (C3Hs) component with increasing maturity of source whereas the PFB and EPB oil and gases lie on or proximal to the end-member line, 8*C1 =42.9%o.

The overall C-isotope data from individual fields within the larger Papuan basin suggest there is no significant mixing of oil, gases and post-mature dry gases.

Isotopic fingerprints of thermogenic origin gases, C2—C4, from Hides field show systematic differences suggesting the differences are attributed to different migration episodes during which gases of different maturities migrated into different reservoir horizons of the

Hides structure.
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