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ABSTRACT

Core samples collected from three resear ch wellsin the
southwester n coastal plain, Taiwan, were analyzed for the total
or ganic carbon content and biomar ker sincluding n-alkanes,
triter panes, and steranes. The r esultsreveal that the sediments
ar e gener ally lean in organic matter and contain biomarkers
derived from the sediments in the early mature stage. These
or ganicchar acteristicsimply that allochthonousr ewor ked or ganic
matter from the ancient sedimentsin the catchment area is the
maj or or ganic matter in the southwester n coagal plain asa result
of the high sedimentation rate, consider able surface runoff and
poor fresh organic matter preser vation. Thebiomar ker parameters
in the coastal plain show an unusual reverse maturation trend
with depth, r eflecting that the for mations of less maturity level
were er oded and re-deposited prior tothe morematur e for mations
buried deeper in the catchment area. As indicated by the
biomar ker s present in the coastal plain, the eroded for mationsin
the catchment area wer edeposited in a shallow mar ine environment
with a significant organic input of terrestrial higher plants and
have been buried to reach the early mature stage.

K ey wor ds. or ganic geochemistry, biomarker, coastal plain, depositional
environment

INTRODUCTION

The southwegerncoastal plain of Taiwan isatypical lagoond coastd plain withan dtitude
lessthan 50 metersand covered by alluvial depostsderived from eagern foothillsareathrough
fluvid transportation. Regional geologicd studiesreveal tha the sedimentation ratesince the
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Pliocene isvery high inthis area. Three all-coring research wells, i.e. Sanliaowan (SLW),
Tzakang (TK) and Yichu (Y C) wel, were drilled inthecoastal plain and were preliminarily
studied for the depasitional environment determination (Sungetal., 1996). Oungetal.(1997)
reported the n-alkane distribution anditsgeologica dgnificancein theTzaikang core samples.

Organic geochemistry has expanded greatly in recent years. Biological markers
(biomarkers), withtheir chemical structuresunambiguoudy linkedto thebiologicd precursors,
are gudied andwidely appliedin organic geochemidry. Typica gpplicaionsof the biomarker
study includethecharacterization of source organic matter and depostional environment, and
theassessmentof maturity |evel and biodegradation extent. Further, the biomarker distributions
ingeologicd samplesmay dsobeused asamolecular* fingerprint’ for thepurpose of corre aion
(Mackenzie, 1984; Philp,1985).

In this study organic geochemical analyses including total organic carbon (TOC) and
biomarker measurements were carried out on core samples recovered from S W, TZandYC
wells to examine the characteristicsof the organic matter and their geological significancein
the southwestern coastal plan.

SAMPLES AND EXPERIMENTAL METHODS

Samples

Figure 1 showsthe map of the southwegern coagal plain and the location of threewells
andyzedin thisgudy. The lithology columns of thesewells are shown in Figure 2. Alluvial
deposits of clay, silt, and fine-grained sand cover extensively the coastal plain. Theexposed
formationsinthe upstreamareaof theriversin thisplanare of Plio-Pleistocenein age. Sediments
washed into the plainare mainly fine-grained clastics, making thealluviummainly of clay and
silt. Foraminifer and mollusk fossils have been found in many intervals of these wellsand were
usedtoreved thedepositiond environments(Sungetal., 1996). Agedeterminationsbased on
14C measurement have been carried out and shown in Figure 2. Figure 3 showsthe burial
history diagramsof the wells studied. Asshown in these diagrams, the sedimentation rate
calculaedforthelast 10,000 yearsinthisareaisvery high.

Exper imental methods

Sdected core sampleswere collected and trangported to the laboraory immediately after
recovery and gored in afreezer prior to the anayses. Organic geochemical analysesincluding
the totd organic carboncontent and biomarker determination were carried outby usinga TOC
andyzer and gas chromaography-mass spectrometry (GC-MYS), regpectively. Experimental
proceduresaredescribed inOung etal. (1997) in detail.

RESULTSAND DISCUSSION

Total organic car bon content

Figure4 showsTOC distribution of thewells studied. It reveals that the sedimentsinthe
coadd plain aregenerdly lean inorganicmatter, withthe exception of severd samplescontaining
visible carbonaceous matter andshowing TOC valueshigher than 1% Themean TOC content
inthe Sanliaowanwell is 0.39%; Tzaikang well, 0.26%; and Yichuwdl, 0.32%.
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Figure 1. Map of the southwestern coastal plain showing the location of three wells studied.
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Figure2.Lithology columnsof
thewellsstudied, age de-
terminations based on *C
dating are also shown.

Theorganic content of Recent sediments can be attributed to three factors the primary
biologicd productivity, preservation rateof organicmatter and rateof organicdepostionversus
mineral deposition (TissotandWedte, 1984). Thereasonsfor suchlow organic matter contents
inthecoastal plain are probably thedilution effect caused by the high sedimentation rate and
thepoor preservation of the fresh organic matter. Inthe high-energy parts of coastal areas,
whereprimary productivity is adequate but wherestrong currentsand thehigh oxygen content
of the watersintensifies, both biological and chemica degradation of the organic matter is
considerable. Theorganic matter in the coastd plainistherefore very lean and believedto be
mainly reworked organic matter derived fromthe original sedimentsinthefoothillsarea.

Figure 5 showsthe relationship between TOC valueand grain size of the sedimentsin the
Tzakang well. The organic carbon contentincreases with a decrease in sedimentgran size.
Claysand siltswith amedian diameter of lessthan 50mm have a TOC content higher than
0.2%. Fine-grained sands with grain size higher than 50mm usually have TOC content less
than 0.2%, indicaing that organicmatter content generally increases from the high-energy to
low-energy sediments(sands to muds).

Biomarker distribution

n-Alkane

M/z 99 fragmentogramin Figure 6 showsatypica n-alkane distribution of the sediments
inthe coastal plain. Then-alkaneswith carbon numbersranging from 15 through 35 arethe
dominant hydrocarbonsinthe sediments. Inmos samples, the n-alkanesare superimposed on
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adistinct unresolved complex mixture (UCM) of branched and cyclic hydrocarbons inthe
range between n-Cys and n-C,. The UCM is believedto bethe products of secondary processes,
e.g., weathering, water washing and biodegradation occurredduring the erosion, transportetion
and re-sedimentation, onthe hydrocarbonsoriginally presentinthereworked sediments.
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Figure4. TOC content of
thewells studied.
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Figure 5. Cross plot diagram of TOC content versussediment grain size of the coresamples
fromTzakangwell.

Asshown in FHgure6, threen-alkaneseries, i.e., n-Ci4~N-Cyg, N-Cyo~ N-Cys, and N-Cos~
n-Css are present in the sediments. Then-alkanedistributions havebeen used to indicatethe
organic sources, depositional environments and secondary processesfor the Tzaikang well
(Oung etal., 1997). Generally speaking, the n-C,4~n-Cy dkane seriesisrelated to themature
hydrocarbons or an organic sourceof microorganismsand/or dgae. The n-C,o~n-C,s dkane
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series, with amaximum at n-C,,~n-C,; andwithout an odd-to-even predominanceisubiquitous
inmog samplesinthe southwestern coasta plain. Itisbelieved tha this seriesisindicative of
mature hydrocarbons originally occurredin thereworked sediments The n-Cys~n-Css dkane
serieswith apredominance of odd-numbered carbon indicates asource of terrigenoushigher
plants. Rdative abundanceof thesethree n-alkane seriesin thewe Isgudied isshownin Figure
7. Samplesfrom various wells and depths show distinct variation in the n-alkanedigtribution.
Thisvariaionreflectsmanly theeffectsof secondary processesandonly partidly thedepositional
environments.
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Figure 6. M/z 99 fragmentogram showing thetypica n-alkanedistribution of the sedimentsin the
southwestern coastal plain. Carbon numbersof n-alkanes areindicated, pri: pristane, phy: phytane.

The predominanceof n-dkaneswith odd carbon numberscan bemeasured by the "carbon
preferenceindex, CPI", i.e., the ratio, by weight, of odd to even molecules. Bray and Evans
(1961) originally proposed CPI toevd uate the maturity level of sediments. The Recentsediments
containing terrestrial higher plant organic matter dways show astrong predominance of odd
carbon atoms and a high CPI value in the long-chain n-alkane range (C,s~Csz). The odd
predominanceof n-alkanes disappears with the maturity increasng and CH value isgetting
close to 1. Figure 8 showsCPI values of wellsin the southwegern coastal plain. The CPI
values show variationsdowncoreand aregenerally less than 4, much smaller than what is
expected for the Recent sediments. Itis believed that thesen-alkanesare mainly derived from
reworked rocks which isin the early mature stage.

The n-alkane distributions indicate that hydrocarbonspresent in the sedimentsin the
southwestern coastal plainare mainly derivedfrom reworkedrockscontaining terredtriad organic
matters and in the early mature stage.
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Terpenoids and ster anes

Terpenoidsand steranesare two important classesof biomarker in organic geochemistry.
Inthisstudy, pentacyclic triterpenoidsand geranes are surveyed. Compared tothen-alkane
distribution, which showssignificant variations, both triterpenoid and sterane distributionsof
various samples in the southwestern coastal plain are more consistent, indicating that these
compounds are more resigant to the secondary processes, e.g., weathering, water washing
and biodegradationoccurred during the sediment trangportationand re-deposition.
Terpenoids

M/z 191 fragmentogram in Fgure 9 shows the typical triterpenoid digribution of the
sedimentsin the southwestern coastd plain. Thetriterpenoidsinclude saurated hopanesand
non-hopanes, and unsaturated triterpenes. Peak identificationsare ligedin Table 1. Thehopane
serieswith carbon numbers ranging from 27 to 32 isthemost dominant triterpenoids.

Hopane-ty pe triterpanesare ubiquitouspentacyclic triterpanesin ancientsediments. Their
precursors, diploptene and Css tetrahy droxylhopane, arewidey distributed among bacteriaand
cyanobacteria(blue-greendgae), tropical trees somegrasses, lichensand several ferns(Ourisson
etal.,1979). Thenaurally occurring precursor compoundshavespecificbiologicd stereochemicd
characteristicsand configurations. With thematurati on increases i someri zation of the precursor
occurs The extent of nuclear and Sde-chain isomerization at various chird centerswithin the
molecule therefore has been widely usedto assessorganic maturity level of the sediments
(Seifert and Moldowan, 1978; Mackenzieetal.,1980).
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Figure 9. M/z191 fragmentogram showing thetypical triterpenoid distribution of the sedimentsin the
southwestern coastal plain. Peak identificationsare listed inTable 1.
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Tablel. Assignmentsof thetriterpenoidsinthem/z 191 fragmentogram.

Peak No.* Compound Formula Mylgeular welzhe
l L& e (H)-22 29 30-Triswrueohopane {T5) Co-Hay 30
2 2220 30-Trisnathop-17{2 | -cne {aHyy Jon
3 17 2 (H)-22, 20, 3)-Trisnorhopane (Tm) CaH 370
4 17 5 {H)- 22,20, M- Trisnorhopane Oy, 3
5 Unknown pentacyelie triterpens CagHzn 4.4
& 17 z{H) 1% a(H)2l 5 {H}-28,30-Bisnorhopany CagH. 3%
7 Unknown pentaeyelic lnwrpeoe L - 414
2 17 a(H),21 A {H)-30-Norhopane CoHyy 0k
o 18 o (H-30-ornenhopane (€, Tg) . He, 08
10 Hap-17(2)-ene CopgHey 410
Ll 1 adeh2l cedH-30-Nochopane {Nornoretane) C-o.H:, S9R
12 1% ee {H -0 eunune ClqpHc 4.2
13 17 (10,21 Z(I=[1opang Capllcs 432
14 Mop-13(18}¢ne Lol Bep 4]
13 Llikrown g pendacyclic teilerpane Cagl Eepy Jou
1 Hup-220 29 e Cagblen 4.4]
17 17 8(H),21 a (Hy-Hopune (Morclone) CapHen 4.2
1B Unknuwe pentacyclic inlerpene LT P 43
19 Unlmown Cap, pentacyclic triterpane CapHea di

a0 17 (HL21 S (H)-Hornohapane {225 . H., 424
21 17 e (11,21 S(Th-Tlamochapane {2217 Cq Ty 426
2 17 8{H},2] a (H-Homohopane {Homonworetae) Uy gy L26
23 L7 {H),21 5 {H)-Bishomohopane (225) CanHs,; 44
24 17 (H).21 S (H)-Bishomobopane (228) CaaHsg 44]

* Peak No. referstom/z 191 fragmentogram in Figure9.

Several maturity parametersbased on the hopanoid isomerization extent areinvestigated
for thesediments in the southwestern coastal plan.
1. Ratio of 225(225+22R) for the C,; homohopanes

Thebiologically produced precursorsfor hopaneshavetheR configuration at the C-22
pogtion (called 22R). The 22R compounds are gradudly converted to a mixture of 22R and
22S diastereomers. Usually Cs;- or Cs,-homohopanes are used for calculationsof the22S/
(22S5+22R) ratio. The 225(225+22R ) ratio risesfrom 0 to about 0.6 (0.57 to 0.62=equilibrium)
duringmaturation. Sedimentswiththematurity level equivalentto Ro=0.6%show 225(225+22R)
raiosintherange 0.5 to 0.54 (Peters and Moldowan, 1993).
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The ratiosof 225(22S+22R) measured for Cs; 17a(H),21b(H)-homohopanesof the
samplesin thesouthwestern coastd plain areplottedin Figure 10. Mog samplesshow thisratio
intherange of 0.4~0.5, indicating that these hydrocarbons are derived from sedimentsinthe
early mature stage.

2. Ratio of ba-moretane/ab-hopane

The naturally occurring precursors for the hopanoids have the 17b(H),21b(H)
stereochemistry. Thisbiologicd 17b(H),21b(H)-configuration (called bb) of hopanoidsisvery
unstableand only presentin theRecent sedimentsor very immaturesediments. Thebb-hopanoids
readily convertto ba -moretanesand ab-hopaneswith thelatter thermodynamically more stable
thanthe former. Theratio of 17b(H),21a (H)-moretanesto ther corresponding 17a(H),21b
(H)-hopanes(ba -moretane/ab-hopane) decreaseswithincreasing therma maturity. Usudly
thisratio decreases from about0.8 in immature stageto valuesof lessthan 0.15 in mature stage
and aminimum of 0.05 (Mackenzieetal., 1980; Seifert and Moldowan, 1980).

Theratios of ba-moretane/a b-hopane of the sedimentsin the coastal plain are plotted in
Figure 10. Most samples show thisratio in the range of 0.2~0.6, indicating the early mature
stage (equivalent to Ro=0.5%) for thesebiomarkers.

3. Ratio of TS/(TstTm)

Thel7a(H)-22,29,30-trisnorhopaneg(called Tm)and 18a (H)-22,29,30-trisnorhopane(called
Ts), two C5 pentecydictriterpanes, are often applied to assessthe maturity level of sediments
(Petersand Moldowan, 1993). The 17a (H)-trisnorhopane (Tm) showslower rdative stability
than 18a(H)-trisnorhopane (Ts) during maturation (Seifert and Moldowan, 1978). Therefore,
theratioof Tsover Tm (Ts/Tm)or Ts/(Ts+Tm) isused as a maturity parameter. Thelarger the
vaueof T9TmorTd(Ts+Tm), the higher maturethe sedimentsareinreation to other samples
of agmilar organic source.

The Ts(Ts+Tm) ratios of the samples in the southwestern coastal plain are shown in
Figure10. Most samplesshow this retioin the rangeof 0.1~0.4.

All thesematurity parametersindicate thatthese hydrocarbonsare derivedfrom sediments
intheearly maturestage. AsshowninFigure 10, the maturity leve indicated by the maturity
parametersdecreaseswithincreasingdepth. Thisunusual reverse maturity trendwill bediscussed
inthe later section.

Amongthe hopanoid compounds, the presenceof theC,gbisnorhopanein thesouthwestern
coastal plain is of intered. Bisnorhopane is adesmethylhopanewhich occursas17a(H),18a
(H),21b(H)-,17b(H),18a (H),21a(H)-,and 17b(H),18a(H),21b(H) -epimers.Highconcentration
of bisnorhopane hasbeen usedasan indication of an anoxic depositiona environment(Mello et
al., 1990) ororganic matter derived frombacterial mas(Williams 1984). The bisnorhopaneis
also used asaspecific compound for correlaion. Inthesouthwestern coastd plain sediments,
only thethermd gable 17a(H),18a (H),21b(H)-28,30-bisnorhopane isdetected. Itis therefore
believed that the bisnorhopane isderived fromthe reworked sediments transported fromthe
upsteramcachment area. Figure11 showstherelative concentration of bisnorhopane, measured
asbisnorhopane/hopaneratio, of the samplesin the southwestern coagal plain. Mog samples
show thisratioinanarrow range around 0.2, indicating that the sediments in the southwestern
coadd plain ared| sourced from formationswithasimilar organic matter source and depositional
environment.
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Figure 10. Hopanoidsmaturity parameters versus depthfor wells studied.
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Oleanane, anon-hopane pentacyclic triterpaneis presentin sedimentsinthe southwestern
coastd plain. The oleananeis thoughtto be a Cretaceous oryounger higher plant marker.
Oleananes are probably derived from betulins (Grantham etal., 1983) and other pentacydic
triterpenesin angiosperms (ten Haven and Rullkotter, 1988) and therefore the presence of
oleanane suggeststhat the organic source isrelated to terrestrial higher plantsof angiosperms
(Philpand Gilbert, 1986). Twoisomers, i.e, 18a(H)- and 18b(H)-oleanane arereported in the
geologicd samples The 18b(H)-configurationisthermally lessstable thanthe 18a (H)-isomer.
Inthe southwestern coastal plain, only the thermal sable18a (H)-oleananeisdetected. This
indicatesthat the oleanane isreworked. AsshowninFigure11, the oleananeindex (measured
asoleanane/hopane) of the sediments in the southwegern coagd plain is mainly inthe range of
0.1~0.2, indicating that the organic inputs of the original sediments contain theterrestrial higher
plantsof angiosperms.
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Steranes

Steranesare derivedfrom gerolswhich arewidely dispersedin plantsand microorganisms,
withthe C,; and C, Serolsmost abundantin marine organisms and C,o Serolsin higher plants
(Huang and Meinschein, 1979). Therefore high concentration of C,y steranes (24-
ethylcholestanes) compared to the C,,- and C,s-steranes may indicatealand-plant source(e.
g., Czochanskaetal., 1988). M/z 217 fragmentogramshowing thetypical steranedidribution
of the sedimentsin the southwestern coastd plainisgiven in Fgure12. Peak identifications are
listed in Table 2. The sterane distribution shows the presenceof C,;,~C,, Steranes with the
predominance of the C,, Seranes, indicating terrigenousorganicmatter being themain organic
sourceof the sediments.
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Figure 12. M/z 217 fragmentogram showing the typical sterane distribution of the sedimentsin the
southwestern coastal plain. Peak identificationsare listed inTable 2.

One mgor application of steranesin organic geochemistry isthe maturity determination
based on thethermal effects on the gereochemical complexity of their basic skeletons (Seifert
and Moldowan, 1978 and 1981). Only the R configuration at C-20 (cdled 20R) isfoundin
steroid precursorsinliving organisms, and it gradually convertsduring burid maturation toa
mixture of the R and Ssterane configurations. The extent of side-chain epimerization a C-20
(20R=20R+205S), measured as 205(20S+20R) for the 5a(H),14a(H),17a(H) C,o-steranes,
risesfrom O to about 0.5 (0.52 to 0.55=equilibrium, equivalentto Ro=0.8%) with increasng
maturity (Petersand Moldowan, 1993).

Theratios of 209(20S+20R) forthe5a (H),14a (H),17a(H) C,o-deranesof the samples
inthe southwegern coastal plain are plotted in Figure 13. Thisratio isin the rangeof 0.1~0.3
(around 0.2), indicating that the geranesarederived from sedimentsin the early maturestage
equivdent to Ro=0.5%.



Oung et al.: Organic Geochemistry in Southwestern Coastal Plain 387

Table 2. Assignments of thesteranes inthem/z 217 fragmentogram.

Peak No* Comprund Formula Molccular weight
1 L3R, 1T H)-diacholcstanc (205) CaaHy 7
2 IR, 1 TadIT-diacholestans (20R) aHa 3
3 130(H), 17R(H}-diacholestane (20S) CrHay 37l
4 13cz[HY, 17R(IT)-diacholestane (20T) CarHay 3
5 14ce[HY, 17e{ID—cholastane (205) £l-Hay 343
[ 14p(H), 17B{H)-cholestane (20R) L o 371
7 14B(H}, 17B(H-cholesiane (205} CaaHay a7
1 14ae[H), 1 7ol H)-choloslane (20FR) CaaHay 37
9 24-memy]-1dwH).1 Tl B-chalesiane (Z012) T3 5 PN A
10 24-ethyl L3A(HD, | TalH-dinchalestane {208) ol | P AN
11 24-athyl-13A(H). | TeH)-diacholestane (20R) L 400
12 24-ethyl-1 3c(HD, L 7B(HI-dincholestanc {208) ool Ty, 400
13 24-ethyl-13c/H). 1 7PH -diacholestane: (20H) Coelley 408
14 24-cthyl- 1410, L 7ol l-chulestane (206) C'yoHs, 400
13 24-ethy1-14B(T0, 1 TH(H)-cholestanc (20K} CapHazs 400
1+ 24-gthy1- LA (I, L TH(H-cholestanc [203) CyHe, 400
17 24-gthyl-14a{H). L ToH)-chilestane (20R) CopH:, 40

* Peak No. referstom/z 217 fragmentogram inFigure 12.

Geological significance of or ganic matter

The abundance and characteristics of organic matter in sedimentsare related to the
depositional environment. The southwestern coastal plain isformed under deposition inthe
environment of marginal marine. The organic matter present in these sediments may be
autochthonousto theenvironment whereitis deposited, i.e., itoriginated in thewater column
aboveor within the sedimentinwhichitisburied, oritmay bedlochthonous, i.e., foreign to its
environment of depostion. Allochthonous materid may include terrigenous organicmétter, e.
g., higher plantdebris, and thereworked organic matter eroded from theancient sediments and
transported by rivers to the site of deposition (Gadel and Ragot, 1974). Due to the high
sedimentation rate, considerable surface runoff and poor fresh organic matter preservation,
reworked organic matter isoften the main source of organic material in the southwestern
coastal plain. Theorganic carbon content of the sedimentsis thereforevery lean.

The biomarkers, including n-alkanes, pentacydicterpenoidsand steroids in the samples
also show mature characteristics, indicatingthe presenceof hydrocarbonsderived from mature
sedimentary rocks. The ancient sedimentary rocks inthe upstream area, whichwere inthe
early mature stage and have been generating hydrocarbons, were eroded and transported by
riversand eventudly re-deposited inthe coastal plain. Correations of triterpane and sterane
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digributions between the samplesin the coastal plain and the outcropsin the catchment area
confirmtheir relationships. In the catchment area, theformations of less maturity level were
eroded and re-depositedin the coasta plain prior to themore matureformationsburied deeper.
Thebiomarker parametersin the coastd plain therefore show an unusual reverse maturation
trendwith depth.

Geological andgeochemicd processes, e.g., water washing and biodegradation occurred
during thetrangportation and re-deposition of the sediments, did alter then-akanedidributions
but notthe pentacydicterpenoidand geroid digributionsin the reworked sediments. Therefore
theterpenoid and steroid distributionscan be used toreveal the organic source, depostional
environments, andthe maturity level of the eroded sedimentsin thecatchment area. Asindicated
by these biomarker distributions, the eroded formationsin the catchment area were deposited
inashdlow marineenvironmentwith asgnificant organic input of terrestrid higher plants and
have been buried to reach the early mature stage.

Sanliaowan well Tzuikangz well Yichu well
ZOS4205 F2ORNY - 2052081 20R 3% - A0S 208208, % -
S04 @07 g C29-sterane S dda 1T e C289-serane Sep,lder, 17 C29-sicrune
0 20 40 g 20 40 0 2 40
0 = 0 mmr— 0 1
20 p 20 F 20 F
40 P 4 1= 40 ﬁ
60 F o) a0 |
g 80} R0} R0
ﬁ 100 100 + 100
E 120 120 F 120 F
140 = 140 | 14 F
160 | 160 160 P
180 180 18¢ F
200 L 200 - 200 L

Figure 13. Ratios of Cye-sterane 20S/(20S+20R) versus depth for wells sudied.

CONCLUSONS

The sedimentsin the southwestern coastd plain aregenerally leanin organic matter and
contan biomarkersderivedfrom the sedimentsin the early mature sage. These characteristics
imply thatallochthonousreworked organic matter from the ancient sedimentsin the catchment
areaisthe major organic matter in thecoadal plainas aresult of the high sedimentation rate,
considerable surface runoff and poor fresh organic matter preservation.
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The biomarker parametersin the coastd plain show an unusual reverse maturation trend
with depth, reflecting that theformations of less maturity level wereeroded and re-deposited
prior to the more mature formationsburied deeper in the catchment area.

As indicated by the biomarkerspresent in the southwesern coastal plain, the eroded
formations in the catchment areawere deposted in ashallow marine environment with a
significant organic input of terregtrial higher plants and have been buried to reach the early
maturestage.
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