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Abstract

Chemometric analysis of biomarker parameters for more than 200 terrestrial (coal-sourced) oil and gas condensate samples from almost all
fields and reservoir zones in Taranaki Basin (New Zealand) has led to an improved classification of genetic oil families but has also identified
biomarker contamination effects from entrainment of bitumen during migration. Mid-Cretaceous to Eocene coaly source rocks in Taranaki
Basin display broad stratigraphic trends in di- and triterpane distributions that reflect the evolutionary development of higher plants on the
Zealandia continent (Killops et al. 1995, 2003). Woody gymnosperm biomass input to coal-forming mires is indicated primarily by the
diterpane isopimarane, whereas woody angiosperm input is indicated by the triterpanes oleanane and the ring-A degraded counterparts of
oleanane, lupane, and ursane. Stratigraphic changes in the relative abundances of these biomarkers indicate a coal-forming flora relatively poor
in total higher plants (i.e., woody gymnosperms and angiosperms) in the mid-Cretaceous to Early Haumurian (Late Cretaceous; ¢. 100-79 Ma),
changing to one dominated by gymnosperms in the Late Haumurian (latest Cretaceous; ¢. 79-66 Ma), then transitioning to a dominance of
angiosperms by the Eocene. In this study, these changing terpane distributions have been utilised in hierarchical cluster and principal
component analysis of source-related biomarkers to identify four tribes and seven families of terrestrial oils and gas condensates in Taranaki
Basin: one tribe and family derived from the Early Haumurian; one tribe and family from the Late Haumurian; one tribe of two families from
the Paleocene—Eocene; and one tribe of three families from the Eocene. Through an iterative process, parameters were selected to minimise
non-source-related variations caused by, for example, differences in fluid volatility (i.e., oils vs condensates), maturity, and biodegradation.
The resulting oil (and condensate) families model displays strong geographic coherency and provides first-order oil-oil and oil-source rock
correlations. However, clear reservoir unit and facies-related trends indicate second-order entrainment of triterpanes and tricyclic terpanes
(cheilanthanes) during migration and entrapment, highlighting the need for caution when using such models for correlation at a more detailed
level; e.g., for charge analysis.
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1. INTRODUCTION 2. SAMPLES AND METHODS 4. CHEMOMETRIC MODEL AND HIGHER PLANT BIOMARKER TRENDS 5. HIGHER PLANT BIOMARKER TRENDS AND MIGRATION 6. OIL FAMILY CLASSIFICATION AND SOURCE ROCK CORRELATION
Biomarker correlations indicate that mid-Cretaceous to Eocene coaly rocks are the | R Samples o1l oy 0 0.8 0.6 0.4 0.2 0.0 1.00 0.95 0.90 0.85 0.80 CONTAMINATION EFFECTS ch ri Ivsis of the selected set of 15 e e e esore
i f oil d d lati i ki H H \ : ranaki ; g l | 0.75 | | | | | | | | | emometric analysis o e selected set o
major sources of oil and gas-condensate accumulations in Taranaki Basin (Figs 1—- e _ , , Key fields VauAoA ¢ At ond of o le tabel - Jantifi New Zestand oil familles- [
. . .. . ® >150 coaly rocks (coals, shaly coals, and coaly mudstones) and carbonaceous, coastal facies mudstones of Jurassic to Eocene age covering all MauAZA~2 ﬂi P S Gl CIF SIS B 1.0 source-related biomarker parameters identifies and their source rock characteristics ol
3; e.g., Sykes et al. 2012). Broad stratigraphic trends in di- and triterpane : q : : o Pohokura MauA2A~3 || MauiField | = indicates condensate. " Figure 10 Family 51 oils and condensates in Kauri and Rimu g A1l Bl Tl Famly Sourca rock charscterstcs —4,|
T . . . main coal measure formations and from immature to near the end of the gas window [Rank(S,) 6.1-18.9, R, 0.45-2.6%, T, 410-537°C]. 33 Mangahewa Mau3 DF Kaimiro Fm Otherwise, oil. — fGss) . ) four tribes and seven families of terrestrial oils |
distributions through the main coal measure intervals reflect the evolutionary =3 || }|Moturoa ¥ty S — 5 S fields display lower contents of both gymnosperm p 4 T i Basin (Fig. 15) 1 B wate cretaceous (u. ), terrestria 0
. . . . * > i i i i iri ithi i i . i Maal_M o i i is si an as condensates In laranakl basin (Fig. 8
development of higher plants on the Zealandia continent (Killops et al. 1995, 200 t.errestrllal oil and cond?nsate samples .from esser\tlally all fields and key r.eserv0|r mterv.als within the basm. (Figure 2). The samples gmag: Maal Man 8 o0s | ) A ° @ . and angiosperm b!omar!(ers. This signature of lower g : _ : g 2 Pasocan-Eocm, sl
. . . S . . comprise a wide range of fluid type from solid, waxy oils to gas condensates (Figure 4). Very light condensates with <10 ppm steranes were Mok1 5 Sl ° o (Late Haumurian) total higher plant input is a feature of New Zealand one tribe and family derived from the Lower gy e amacsper o
2003) Gymnosperm biomass Input to Coa|-f0rmlng mires is indicated pl’lmal’l|y by . . . . .. . . P . Rimu maa[{[RMg 2 ©° @) \Eocene coaly rocks of Jurassic to Early Haumurian (Late q X q S
. . . . . L. not included in the chemometric model in order to reduce solubility effects on biomarker parameters. Multiple samples from individual fields Kauri aaMR8a_| + ] Haumurian (L_ Mh, Late Cretaceous), one tribe ) BB Eocono, terrestrial to coastal facies
the diterpane isopimarane, whereas angiosperm input is indicated by the nd reservoirs wer d to incr the reliability of the final chemometric model : MaalR8a_1 Maari Field + Ruru-3A + S 08 | Cretaceous) age. Early Haumurian rocks are . . Less marine-influanced. lower angiospert input
) ) and reservoirs were used to increase the reliability of the final chemometric model. Waihapa Maale Maul B-11 £ O el fin serme Rimm Fiell vk and family from the Upper Haumurian (U. Mh, Lo s o, rodter anghoupe inpat
triterpanes oleanane and the ring-A degraded counterparts of oleanane, lupane, Ngaere Mok1_2 NN Fr () Qe : ) o ra0rs s b, TR it —
. . . . . G h ical thod b MaaMRo Moki and M2A Fms except 2 2 latest Cretaceous); one tribe of two families oS i Awaiino Sou-1.g |
and ursane. Stratigraphic changes in the relative abundances of these biomarkers eochemical methoas MaaMR1 two oils in Mangahewa Fm a o Angi rm and gymn rm biomarkers of . R iz coitaonouibbansre; e
Comm MauB11_h i < o7 . glosperm and gymnosperm biomarkers o from the Paleocene—Eocene; and one tribe of | D i
. . . . . . . . — >~ 5 N Q a . o . ’ 42 ret Pz . marin
indicate a coal-forming flora relatively poor in total higher plants (i.e., * Solvent extraction of rocks to recover extractable organic matter (EOM) fractions. EOM, oil, and condensate samples then de-asphalted. Copper Mok et ) the oils and condensates provide indications three families from the Eocene. Source ages are 5- e s rRisocne e
i i id- i . - . . Kaimiro Ru3A/3501_2 w | i D i - . . . I Mid-Late Crotaceous (L. M), terrestrial
gymnosperms and anglosF’errhnS) in the mid-Cretaceous 1;3 Early Haumurian (Lr?te ® Medium pressure liquid chromatography to recover saturated and aromatic hydrocarbon fractions. @ Ngatoro muag;tl_azm’ Y % oS o hehe e Family 11 of source age (Fig. 9, Fig. 10). Rearranged assigned from comparison with gymnosperm e
Cretaceous; c. 100-79 Ma), changing to one dominated mnosperms in the - . . ) o . T Sidewinder n . + 0.6 - densat plant input e Family 21 i idei i
r ) ging y gY o P . ) X . X ®* Whole-oil and EOM fractions analysed by gas chromatography with flame ionisation detection (GC-FID) for hydrocarbon distributions. Goldie | Vi Mangahewa Fm except o from Kauri and e Family 22 2RSS PROELR THiE i EEm e @ selres and angiosperm biomarker distributions of Moturoa-2 & -4
Late Haumurian (latest Cretaceous; c. 79—-66 Ma), then transitioning to a Figure 1 Location of Taranaki Basin. Blue line _ ) ) i MauB11_C one oil in Moki Fm ? Rimu fields Y age and depositional environment (Fig. 11 RepublicNew Plymouth-1 . Pohokura3
. . s . . indicates approximate line of section in Figure 2; ® Combined saturated and aromatic hydrocarbon fractions analysed by gas chromatography-mass spectrometry (GC-MS) for biomarkers. MauB8 o - o Family 31 D coaly source rock extracts (not shown here). Blerhoimn.t. | ook »Pukearuhe-1
dominance of angiosperms within the Eocene. These and other stratigraphic red box indicates location of paleogeographic MauB4 = (Early Hauraurian] o Family 32 Fig. 12). Tight clustering of oils and S K ch teristi inferred f Taranaki-5 ‘\'\M , -
C P . . . - . ® All geochemical analyses of source rock and fluid samples were undertaken by a single laboratory (Applied Petroleum Technology, Norway) to McK au Maui Field + Ruru-3 n U2 . . . . ource rock cnaracteristics are inferred rrom . Republic New Plymouth-4 Ao “Urenul-1
changes in biomarker distributions provide time-stamped fingerprints that canbe  maps in Figure 3. Beo b.‘ll.t P R P wric analvsi yasing YR &y i Kl MauBs Farewell and Kaimiro Fms, < o Family 33 condensates in some fields and wells (Fig. 11) sterane and drimane distributions o AN s S
n . n . n maximise comparability of biomarker data for chemometric analysis. w » = . . Mangahewa-2 =
used to infer coaly source rock age and facies and establish oil-oil correlations. P ¥ ¥ | Tariki a3 except Mangahewa Fm in ® Family 51 in which other biomarkers show more Moturoa-1 —— ek
- h H h d Ohang.a Rua3L}4099_1* Ruru-3 0.4 T T T T T T T T T o o . . o Th d' t 'b t' f 'I f 'I' d th 1 —~Pouri-1, -1A
internatonsi| New zeatana | NW/ SE| _ Study objective Chemometric methods renui Ru3/4091 21 o 01 02 03 04 05 06 07 o8 oo , Vvariation highlights the potential value of B ClAAI2EhAeA C1f e tEniliEs Elae e Seitds )
Mo | “tmescale | umescale | Deepwater Taranaki helf onshore | "% e ataH 2 ' ‘ ‘ ' ‘ ' ‘ ' ' i il-oi i rock characteristics show various relationships Kee-3A
SN S— e pwW - = . = ! ® Approximately 80 source-related biomarker parameters were derived for the source rocks and fluids. - Eg:ﬁié - IPr2a [IP/(IP+19C+20C)] drimanes for oil-oil correlation. to the distributi d faci fthe inf q P ?2“”'213
I @ Moturo : : aui Am1/367 O the aistripbution and rtacies o e inrerre oaloa-
S i farews Employ chemometric analysis of ® Parameters were evaluated and chemometric analysis undertaken using Pirouette v. 4.5 (Infometrix Inc). The multi-plot function was used to See Fig. 7for fl_| Maari ¢m}/§§g§ ! ” 0.80 - 0.8 source rock units, as seen in the respective Cardifi-2a-ST1 2o 12:3;;:
i - . . . - . I . . . Manai Tui Area Fi T i-1 : : . on M—
- o e biomarker parameters to develop a screen out parameters significantly influenced by maturity, differences in fluid volatility (i.e., oils versus condensates), or biodegradation. expanded ji | a2t See Fig. 15 for distribution S || uﬁl\” ge\fe”i; 2;?2; e Family 11 Tui Moturoa © Family 11 . . . . - isal 2 Iitzﬁ,\
|| robust oil family classification of , . , , , . . , _ and source rock Tui2H Kaimiro Fm in Taranui-1 See Fig. 15 for 075 || e Family21 area O ‘S o Family 21 e paleogeographic maps. The increase in marine japunt Huinga-18
T ® Hierarchical cluster analysis (HCA) was conducted using autoscale pre-processing, Euclidean metric distance, and incremental linkage. correlation of each family $a_t13/+43485 field locations o Family 22 R %& @ Increasing 0.7 - o Family 22 e ° '0 influence from Famin 31to Family 33 for 0TS — Wamapa-i A8 Nwingrovet. Lwrsove
=] 8 e terrestrial (i.e., coal-sourced) oils = . marine 9% e ’
r Distal hiat <. e q q q — A )
i SR - and gas conde'nsates in Taranaki ® Principal component analysis (PCA) was undertaken using autoscale pre-processing. Figure 6 HCA dendogram for 203 Taranaki oil and condensate samples, defining four Figure 7 HCA dendogram for 45 Family 11 oils and condensates showing g 0709 Eaml:y i; Moaw Awaldno-1 o % influence 06 o Family 31 ‘%%D - o ° example, conforms with that within the
' it i . . . . L. . . ) - e T - ) . . . + ° i — 0.6 - :
) 5; Crats T S i * Parameters with low modelling power (i.e., small loadings on Factors 1-3) were eliminated through numerous iterations of HCA and PCA to tribes and seven families of terrestrial oils at a similarity index of 0.75. clustering of samples by field and reservoir formation (see Fig. 2). Q oS . F:Q:Iz - ° Manaia . —g ® Family 32 o 5 & o underlying Mangahewa Formation, which
1 = Ahura - - - H
e , ) i o S - . x O . © Family 33 . .
e T rock correlation arrive at a set of 15 parameters that provides robust, source-based discrimination of oil tribes and families. ] Scores plots 05 Loadings plots G e Family 51 MaaH@Q . :rf 0.5 1| e Family51 o °o & — becomes progressively more marine to the o
1 =+ Mau . . )] . . Kupe South-2
= g Batonan %rfﬂqu aria 0 59 MorfT marine 04 @13 DD§ é 0.60 ~ ‘... © % north (See 40 Ma map In Flg. 3) KﬁE: So:thAE
1 3% Mangahewa 4 oo} (¢} influence 4 -~ i Kupe South-1
o JBIZ| Leton 3 Kaimir Scope ;!!! ! g!!g*g!!! 0 4 o 0.4 Eocene . S .
.§ o P ; _ : e 5 L ° e 05 . ‘é‘ 0.55 - Q The oil family distributions are also in general L
g | . . o ' £ < i -
3]s This study focuses solely on Taranaki 5 Oogo e . o ° & 0.2 - 3t ® o1 = 00 Kupe %3 003 accordance with results of petroleum systems = \ Fioovs
% . . = 7 o < v 2 .50 . . .  Madia W
| - o terrestrial oils and condensates. A g . % o i % o0 | o ° e S o E < ) *°s & R modelling. For example, the tight clustering of W MoaraiRi7
w0 Satandian i Kupe . . b apuni . . . 1
5 ® sub-commercial marine-sourced oil Figure 4 Selection of oil and condensate o o § o, f e 2 glatest Cretaceouy 0 IPAL -\ 1oy 2 045 | ° O 8 0.2 - o Family 21 oils and condensates in Kupe and ‘:m::[, Sbaes Well symbols
& D) Q) Eocene (Late Haumurian)] & IPAS c @ ® o2 latest Cretaceous 0 10 20 30 40
5 . . e = . — Tl e P i ® ‘- — Tk Q@ A A . . . Maari-MR8a ® Oil
accumUIatlon occurs in the north Of samples used in the study. o 0 = ~'o .. 6} @ Family 11 < 0 .Alg A1y Increasing Increasing o ® Increasing angiosperm input > L0 ~. (Late HaumuHEg Kapunl fleldS (Flg- 81 Flg- 9) Is consistent Wlth H Goa candensate E?a':-
q 0 5 ® IS : IPA4 i : > 1 - . . ilometres
the basin (Kora F|e|d)’ and sub- g -1 5 .Q# B % Yy @ Family 21 g -0.1 | @ pqangiosperm input| | gymnosperm input . :V 0.40 and generally decreasing source age o 0.1 - the model of a common kitchen, although slight
o . . i Early H i H 1 1 1 1 H H 1.':1::-1)1— w:r'.\lcnn— \{41|um— mr:alunn-
e commercial accumulations, seeps, £ 2 - Y °.o & 0083, (A ; E:m::z gi < 02 Ly I 0.35 00 (Ear differences in drimane distributions (Fig. 11)
. . . e © g8 ’ ‘ ‘ ‘ ‘ ‘ ‘ : ' ' ' ' ' ' ' ' Rz i Figure 15 Map of oil family distribution in Taranaki Basin and key to source rock
i . @) 2
w —yrem— [ oo and shows of terrestrial and marine 3. SOURCE-RELATED BIOMARKER COMPOUNDS AND PARAMETERS - °® e e o Family 32 -0.3 2 = 0.1 0.2 03 04 05 0.6 0.7 0.8 0o 01 02 03 04 05 06 07 08 09 perhaps suggest derivation from different fetch characteristics (updated from Sykes et al. 2012). The map shows only a
- cOngomarate sandstone Q ] ge Interpretation O . . — 1 1 H
fial - | contmessures Volcanics oils have been extensively analysed Peak identificati -4 Factor 1 does not apply to influence © Fam!:y 33 04 - il D2 [RD5/(RD3+RD4+RD5)] A17 [(dO+dL+dU)/(dO+dL+dU+dH)] areas within the kitchen. representative selection of the analysed oils and condensates. The indicated
% : [ ] Nordnatoratov, R vosiooe Taniwha from several other New Zealand m/z 123 n ea_ Identifications ) 5 Family 51 (see Factor 3) e Family 51 05 @ s15 . ) ) ) . i ) ) boundaries of the oil families simply encapsulate the member oils and
| o F ] srommonone [ vor e basi K |.2012). Th e m/zion 123 m/zion 191 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0. \ T T T T Figure 11 Cross-plot of drimane parameters D2 and D4 reveals tight clustering  Figure 12 General correlation of the angiosperm parameter A17 and drimane condensates and are not intended to define the geographic extent of each
I L - P C:::‘:: asins (Sy es et al. 20 ) ese RD3  Rearranged drimane #3 19C  CygH,, tricyclic terpane 7 6 5 -4 3 -2 - 0 1 2 3 4 5 6 7 -03 -0.2 -01 0 0.1 0.2 0.3 0.4 of oils and condensates in many fields. Examples are highlighted. parameter D2 supports an origin for the rearranged drimane RD5 family. The marine Family 41 and 42 oils are not discussed in this poster.
m R e fluids are not included in this studly. RD4  Rearranged drimane #4 P Isopimarane Factor 1 (44.3%) Factor 1 (44.3%) from degradation of oleanoids (Nytoft et al. 2009). 7 CONCLUSIONS
' RD5  Rearranged drimane #5 20C  C,oHgg tricyclic terpane 5 0.5 M|grat|on contamination ‘
Figure 2 Representative stratigraphic section for Taranaki Basin from NW to SE (Fig. 1), highlighting the distribution of mid-Cretaceous (Taniwha Formation) to = RD1  Rearranged drimane #1 21C Gy Hgg tricyclic terpane 4 A 04 1 @A o
Late Eocene (Mangahewa Formation) coaly source rock formations in green (Strogen et al. 2017). Mid-Cretaceous to Paleocene coal measures were g RD2  Rearranged drimane #2 23C  Cy3Hy, tricyclic terpane 3 9 © A8 N ~|pA4 2y () 0.7 (b) Viauis © * Evolutionary changes in the composition of gymnosperm and angiosperm higher plants on the Zealandia continent
A A A -3 . A A q . . Ao R = A : : @ Latest Cret 0.3 Al = B i i a q q q q . . . . .
;ielpzjosned ?urlng the bhalsm rifting phase; Eocene coal measures were deposited during passive subsidence. Key reservoirs are indicated for selected 'E D 8B-drimane jlcl)C 264;get1cz?2acr:ae;zane 2 A o . @ o (ia: Harjn?:zz:)s ? o = IPAL 0.18 @ Family 11 @ {}ffk“.i.ﬁ ? Nyl O from the mid-Cretaceous to Late Eocene resulted in stratlgraphlc trends in di- and triterpane distributions through the
1elds In column on rlg . i “UETAS i L o Paleocene i :§ € i o o . . .
. ) 2 - o Note thimar.n(e.denlved Cow czg),and Gi  dL  10B-de-A-lupane = U e %o@o o Oﬁ o W% g 02 o s 92 » 4 - 0.16 = e e main coaly source rock formations. These have enabled the development of a robust chemometric classification of
. o a cheilanthanes (tricyclic terpanes) are no & C o0 N o . — . 2 aul A- N . . . ang 5 5 5
| Ab (c. 40 Ma) & & = 2 longer used in the chemometric model dU  10B-de-A-ursane o Y B S Sa0P -* é c 011 L g = ) o Middle e terrestrial oil (and gas condensate) families in Taranaki Basin.
’ 2 « A but are referred to in Figure 14 inrelation ~ dH  C,,H,, tetracyclic terpane o -1 % ° e S, e Sngosprm ey e 8 0.4 {  MaariField =2 05 - Miocene
UU T (9 B ST zgoﬁ ﬁagfgnsne 'g "2 1 %o q © Family 11 ’g o1 . g 012 | e S on * Four tribes and seven families of terrestrial oils and gas condensates are identified: one tribe and family derived from
a a, 21B-hopane 3 i -0.1 - el @ sis : (orati ) N . . . . .
I m/zion 217 P 3 4 ) § . E:m ;; 5 = 2 0 entranment o o044 ort™ the Lower Haumurian (Late Cretaceous); one tribe and family from the Upper Haumurian (latest Cretaceous); one tribe
g w -4 4 [N i il b ~ 0.10 o] = ong . ana q
27aaS  5a, 14a, 17a, 20(S)-cholestane 5 ° o Family 31 0.2 5|E 9 oleanane (300) ° of two families from the Paleocene—Eocene; and one tribe of three families from the Eocene. Sterane, drimane, and
= 9 > . al= Ruru-3 " - - q q q q A Ang q A ey . .
m/z 191 27BBS S, 14B, 17B, 20(S)-cholestane 5 | o Y © Family 32 0.3 g o8 S 0.08 1 0 Y o @ Mangahewa T 03| © Moki/M2A Fm (Middle Miocene) cheilanthane distributions provide additional information on source rock depositional environment and organofacies.
27a0R  5a, 140; 1|7a, 20(R)-cholestane - . ® ,. Late Cretaceous o Faml:y 33 04 | b 0.06 condensates S oL peocene © Mangahewa Fm (Middle—Late Eocene)
- - - =0T Early H i @ Family 51 . . B i Fi i \ \ L . q .ore a a a . . . . .
;:ggs ;i :Eihzl gz 12;’ i;g ;8((;; zhglgizzg 8 e e — 0.5 n“/.ﬂaa:gr;rﬁfv'fa ° i Field <02 | LN S © Kaimiro Fm (Early-Middle Eocene) * The oil families are useful for oil-oil and oil-source rock correlation, but clear evidence of migration entrainment of
- -5a, , , - T T T T T T T T T T T T -0. T T T T T A M ia Field aui Fiel ‘ acp \ q q g . . . - - .
> 28BS 24-methyl-5a, 14, 178, 20(S)-cholestane 7 6 5 4 3 -2 4 0 1 2 3 4 5 6 7 a8 9 a0 ad o2 a8 oo 0.04 - ek Mangahewa -S> Farewelland | o3 Pukelo-1 \ ® Farewell Fm (Paleocene) angiosperm and cheilanthane biomarkers highlights a need for caution when correlating and interpreting source rock
@ @ and Moki oils ’ Kaimiro oils shows @ North Cape Fm (Latest Cretaceous) . .
g 3 2800R  24-methyl-5a, 14a, 17a, 20(R)-cholestane Factor 1 (44.3%) Factor 1 (44.3%) 0.02 ‘ ‘ ‘ ‘ Farewell oils 01 ‘ ‘ ‘ : : : : : depositional environment.
2 b= 2900aS  24-ethyl-5a, 14a, 170, 20(S)-cholestane . ) ) L ) ) ) ) o
I I El 29BBR  24-ethyl-5a., 14, 17B, 20(R)-cholestane Figure 8 PCA scores and loadings plots on Factors 1-3 for Taranaki terrestrial oils and condensates, with samples coloured according to oil family groupings in 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 0.02 0.04 006 0.08 010 012 014 016 018 0.20 . . . . . . . . .
2| 3 29BBS 24-ethy|-5a' 145’ 175’ 20(S)-cholestane Figure 6. Interpretation of scores and loadings on each factor is based on corresponding plots for coaly rock extracts (not shown here; Sykes et al. 2012). IPr2a [IP/(IP+19C+20C)] A1 [300/(300+30aB)] * Rearranged drimanes reveal t'ght CIUStermg of oils and condensates in some fields and wells in which other biomarkers
& o 29aaR  24-ethyl-5a, 140, 17a, 20(R)-cholestane 0.7 Ermrslhie sinel s e tands i Figure 13 Migration contamination of latest Cretaceous oils and condensates of Family 11 in Maui, Maari, Manaia, and Tui fields and selected wells highlighted show more variation. This hlgh“ghts the pOtentlaI value of drimanes for oil-oil correlation.
= . . N ———— > o Family 11 grap . grap . by up-section entrainment of angiosperm-derived biomarkers in these generally angiosperm-poor oils. In (b) samples are coloured by reservoir unit. References
Biomarker parameters in HCA/PCA model B o B o Family 21 gymnosperm, angiosperm, and total higher 0.7 | ilons. 5.+ Raine. L1 Woolhouse. A.p.: W © . 1005 ch g A | e aranak Bacin New Zealand. O Gooch ’s
. | . . ncreasing ; i i i i i illops, S.D.; Raine, J.I.; Woolhouse, A.D.; Weston, R.J. . Chemostratigraphic evidence of higher-plant evolution in the Taranaki Basin, New Zealand. Organic Geochemist b
Gymnosperm input parameters e e o Family 22 plant (gymnosperm + angiosperm) input marine influence © Family 11 Migration contamination of oils and P s 8P ghere 8 v
1P2 IP/(1P+20C A ; ) L @ Family 21 i i ithi i '
IP2a |p§£|p+1gclzoc) = | .t . ° :zam!:y ;; parameters Iargely reflect source rock age = 067 ¢ ‘ m?mgiSL?;teh;tloﬁgsrsservoir ® Familz 22 conder!sateS’ mCIUdmg within th_e reservoir Killops, S.; Cook, R.; Raine, I.; Weston, R.; Woolhousg, T. 2003. A tentative New Zealand chemostratigraphy for the Jurassic—Cretaceous based on terrestrial plant biomarkers. New
P4 IP/(IP+19C G (862 g @ ramily and, to lesser degrees, source rock ~9 ) formation, occurs through entrainment of Zealand Journal of Geology and Geophysics 46, 63-77.
" rs m/z 217 ( ) o S MLINEREEEES © Family 33 . . ’ . . g N 0.5 T Migration entrainment of 21C, © Family 31 biomarkers. It generally goes unrecognised Nytoft, H.P.; Samuel, O.); Kildahl-Anderson, G.; Johansen, J.E.; Jones, M. 2009. Novel C,. sesquiterpanes in Niger Delta oils: Structural identification and potential application as new
Angiosperm input parameters E ®| & northwards in Family e Family 51 depositional environment and migration N O 23Cand 24C cheilanthanes e Family 32 L8 v8 g T arkers of angiosperm input in light oils. Organic seochemistry 40, 595-603.
| Al 300/(300+30ap) Q 04 1 AN 114 to oo ies 9 10 13). Th S Q o o Family 33 Tui and even if recognised, it remains problematic gtosperm input in ght ofs. reanic & v '
| Al7 (dO+dL+dU)/(dO+dL+dU+dH) 8 @ \ & o Urenui-l(seeFig. 15) contamination (FIgS ’ 1 ’ 1 ) The m d—) 0.4 - Awakino South-1 condensates ' y Farewell @ . ) i ! X i Strogen, D.P.; Baur, J.R.; Bland, K.J.; King, P.R. 2011. Cretaceous—Paleogene: early rift to maximum flooding. In: Strogen, D.P. (compiler), Paleogeographic synthesis of the Taranaki

| 7 A18  (300+dO+dL)/(300+dO+dL+30aB) o) % © relatively low angiosperm input in Family RN I LN e A el ® Family 51 ols for oil-oil correlation and interpretation of Basin and surrounds. GNS Science Report 2010/53, 11-35.

/ S " . . 8 0.3 ~ ® ® 33 fluids (Flg 9) for example is inferred to = d') 0.3 - O~ Toka-1oil @ Maui Farewell and source organofacies, The migration Strogen, D.P.; Bland, K.J.; Arnot, M.J.; Seebeck, H.C.; Sahoo, T.R.; Viskovic, G.P.D.; Kellet, R.L., Lawrence, M.J.F., Kroeger, K.F., Griffin, A.G., Boyes, A.F.; Lukovic, B. 2017. The Atlas of
€ ] Total higher plant input parameters — ® Eocene Latest Cretaceous o= ! = Q [DILeE o . ) Kaimiro oils . . . . Petroleum Prospectivity, an innovative tool for assessing New Zealand’s future petroleum potential. AAPG International Conference & Exhibition 2017. London [Poster].
= S = S . N reservoir Maari Moki and e ° entrainment of angiosperm biomarkers (Fig
g I IPA1 (IP+dO+dL+dU)/(IP+dO+dL+dU+19C+20C) < 02 - .008 o o ® ° (Late Haumurian) reflect reduced terrestrial inputin Eocene 5 & 02 | @@ %}O ° Mangahewa oils ° . . . : Sykes, R.; Zink, K.-G.; Rogers, K.M.; Phillips, A.; Ventura, G.T. 2012. New and updated geochemical databases for New Zealand petroleum samples, with assessments of genetic oil
% :EQ‘S‘ E:?j?jt+33;§£:g+38+3t+33+238 - O %QQ O o ¢ ° v‘. Palocene o © coastal facies source rocks, whilst the g ’ .b o, © .Q A A .. e © .: 13) and cheilanthanes (F'g- 14) hinders families, source age, facies and maturity. GNS Science Consultancy Report 2012/37.29 p. + 2 appendices. New Zealand Unpublished Petroleum Report 4513. Ministry of

+dO+dL+ +dO+dL+dU+ o See Fig. o q q q . <) e°8 O @ i i i E ic Devel t, Wellington.
1 o i < - o%@ &0 - eig('g) northwards increase in angiosperm input in 01 o8 0£ 0 &. o 90 .RO.S ‘i..: geochemical determination of whether Late conomic Development, Wellington o _ _
b et Marine influence parameters 0.1 1 @O.!, L QI)%QJ (] _“_‘.' . . . . @. 55% o Cretaceous oils in Maui, Maari. and Tui fields Sykes, R.; Volk, H.; George, S.C.; Ahmed, M.; Higgs, K.E.; Johansen, P.E.; Snowdon, L.R. 2014. Marine influence helps preserve the oil potential of coaly source rocks: Eocene
74 | ooty corgomme 74 S13 C,7/(C,7+Cyg+Cyq) aR+aaS+BPS steranes . o o 00 P00 ‘3 Famlly 32 fluids may reflect increased | - > ! ! Mangahewa Formation, Taranaki Basin, New Zealand. Organic Geochemistry 66, 140-163.
e 40 s0km J 3 a0 50km| 9 ncreasing gymnosperm inpu H H
L e’ \\_,f—“_’n"-%';%-s“ | S15  Cyg/(Cpy+CygtCyg) AR+aSHBPS steranes 0 0008 ° preservation of oleanane and related 0 ‘ : : LA : : : (Fig. 15) are from the same or different Acknowledgements
e £ E e DA I 0 : T 0 01 02 03 04 05 06 07 08 09 1 kitchen(s). B . : : . :
FITe D B s e AR 6 R R 51 6 75 (Ee L ) sl A0 e ([ Eermne) - mminting e e dep05|tional 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 triterpanes in Eocene marine influenced This prolecF was funded by the Ministry of Business, Innqvatlon and Employment through the GNS Science-led research programme on New Zealand petroleum source rocks, fluids,
i : 3 : . . ; Retention time D1 RD3/(RD5+RD3) coalv rocks (S kes et al 2014) and/or IPr2a [IP/(IP+19C+20C)] and plumbing systems (contract CO5X1507), and the PSF industry partners (Anadarko, ExxonMobil, Greymouth Petroleum, OMV New Zealand, Shell New Zealand, and Todd Energy).
settings of two of the major coaly source rock units, the Late Cretaceous Rakopi Formation and Middle—Late Eocene Mangahewa Formation (Strogen et D2 RDS/(RD3+RD4+RDS) IPr2a [IP/(IP+19C+20C)] Yy Yy . . } . )  cheilanth o ” ) kino South " s in the Tik o hedi . i ’ ’ ) - )
al. 2011). Frequent and widespread inundation of variably brackish waters across the low-lying coastal plains influenced the bulk geochemistry, Figure 5 Mass fragmentograms (m/z 123, 191, 217) for sample Kahili-1B-ST1 (condensate) 03 PR i 9 C it of ) . tor IPt2a (based ) ) ) and ) progressive younging of the source rock Figure 14 Migration entralnm.ent of cheilant tames (parameter Ch1) is evident in A\.Na In.O out -1., w .ere oi s in the T.I or.angl lee§tone .are en.rlc e |.n marine Thanks also to AWE, Greymouth Petroleum, Mossman Oil & Gas, NZ Energy Corporation, OMV, Shell New Zealand, TAG Oil, Todd Energy, and their JV partners for contributing oil and
biomarkers, and petroleum potentials of coaly rocks within these and the other coal measure formations (e.g., Sykes et al. 2014) ith peak identificati fbi K d in the HCA/PCA multivariat del igure foss;plotonsymhospemunpitiparameteigizalidasedionjisoplmdranejanciangiospenm - Cy1, Cy3, and C,, cheilanthanes, and in Toka-1, where the only Moturoa Field oil reservoired in Moki Formation is also enriched in marine cheilanthanes condensate samples.
’ B ‘ : Withjpearidentiiicationsjolibicmarkersjuseciniine INCIEDELS e Sh (5 (RD1+RD2)/(RD1+RD2+D) input parameter A1 (based on oleanane) with age interpretation from coaly rock extracts.  unit to the north. relative to all other Moturoa oils in Matemateaonga Formation. Migration contamination of cheilanthanes in Maui, Maari, and Tui fields is less certain. We are also grateful to Per Erling Johansen, Kjell Urdal and the team at Applied Petroleum Technology, Norway, for excellent analytical support.

AAPG Hedberg Conference: The Evolution of Petroleum Systems Analysis: Changing of the Guard from Late Mature Experts to Peak Generating Staff. 4—6 March 2019, Houston, USA. GNS Science




	AAPG Hedberg_Sykes poster_Final.pdf
	Slide Number 1


