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hyi rocubon Aeep near Pnsonn Pond \Exlhhr

lbmn/bsgn.n in the 1860's: when uue
ﬁrst well was dnlled and has been carried ent intermttmfv%r,smce.

Y

= Geochemicnl studies of the area are limited to recent work done b; Briti!h

Petmleu-m (BP) in 1083 md the Newfound.lud' Department of Mines lnd Enzrgy

A number ol‘ pomml" sources lor the oil have been prorposed by prevmus
ruurchen and include-shales from \he S]nIIn' Bay and Green Point l‘omutwns
within the ch Hud ‘Group. Other potential_sources incldde '.he lel‘e\lhad
Gmnp, Rocky H:rbour mzh.ngn and” mdapmtmd sedlments ol the mm-c

“southern Curlmg Gmnp % ¢ : D :__ ¢ e B .
y 3 - A = Yk 3

; & - . g B

Thm thesis lmdertook an malysl& and eomp-nson of thae po'.enml sources TR

for the seep. oils, using detmled or;une ysm:lzemlsu'y)l " . P )

sy % o




. the Humber Arm Alloclnhon §9 elucldate the lollowmg ohjectl

o.Determme the sourde rock in terms ol

L " o flon specmc strati gr phlc member

‘oa’ spevnl’lc rock, 1kmt aqmvnlent to ‘the Cow Head Group 5
numl:(gred mtervals (James and Stevens, 1986) %

- oa speclhc chronostrauzraphlc lnm'vnl

..~ “compare these. ‘}ath vsmmons in stable uotope, ;rommc and specmc
.« o don dlst'lbunons . i v g
. -Assas vmmons in the preservutlon of organic mnner cnntent in
B e 8 relmnn to different’ l\tholo;\a (urbonnte vs_clastic),” ‘and’ dﬂferent

(marine vs: ine, anoxic vs oxle)

Eval\me detailed prgam} geochv.rmcn] methods’ that hnve been

".contrasted and- compared to ascertain ‘their potential as source rock-.

\ mdlcatcrs l'or na.tural aeeps, outcrop snrnplﬁ and Lower’ Pnfeozolc
BT o stratn -

) Evnluute the ial for.h of the
Glonp shales based on msturlblon, orgsmc matter type,
| genetic potentlnl i -
- 5~ =

: Chémicsl ‘methods “include” fraction” analysis by column: ehr‘cmatog‘nphy»,r o

total organic chrbon (TOC), bituen 'extrj&;tion, nitrogen -and cm-b;n:n stable.’
ity i D i

', T _ isotope compositicn on cfude oils, extrécﬁ_ and their frdef ions,’ snhlnte~

aromatic nistry unng gu 24 (GC-MS),



are\ easlly conta.mlﬁ&ted Pmcednres for &nn»lysu vas between lnbornwnu !

,.‘. o nésesstul _interlaboratory o / " (Dembicki, - 1984). -

Reploducnbxhty u based on re]ahve valuu, not s?soiute vllues A cumbmmon

hthostrahgnphlc llmta WS necesmry Ior a dgtm.led shldy _‘Snn‘:pl vere © o0

i cal]ched fron

within the Humber Arm Aﬂoehthon, and aumhthono ¢ platform -

from’ rock

that p b i slope ositi in Cambro-

Ordovlclan time, The s

~

udy locahty—extends from Bonne'B'S inv the sou_th'ui ¢
Tnble P_omt in the north [F:x;nre 1, mset). i

s i
Three basm crlterm Were used in sa.mpla collechon The ﬁrst mcorpomert a

1

ange of lithol "ugd K

vnrymg from nesr the ongmal '

ol' tha deep nsa The mond

/shoreli to the ﬁner hnhurl

third related to lccmon in rel‘erence to ths uep olh Thiese slices_ afe expt)ml in

/sedlments from east to west, ncross ‘the comsl plstl’orm Snmples chdsen for the

. study were black shnles or dark, my hmeueonee, wnth a lugh yercenhge of o anic




= Crude ot sumping sites Glandpizeel

@ ahaced aren la focation of Pigre 228

5 &

Flgun 1-1: Location map of the study area
with samples loulmes indicated. .

detntnl ‘material. Sp:clﬁe sample loclhtlu mclude Lobster Cove,. Grean Point

('.ype locnht.y)| Martm Point (wllth), Broom Point, Western Brook Pond (south),

¥ St Pml's Inlet, Pnsnns Pond nnd Table Pomt Detulzd lucatwn md‘

" ‘strmgnph_lc loga are ducrlged in setion ﬂA (General Geology).
' & e r

1




“ ‘The fact chn erud 'oxl u denved from nonreser\mr rozks has been well

msbhshed (Tusot and Welv 1978) Sedlment md rockx\ that have, can, or mxght

|

rocks (Hunt, 1979). - The pnmuv chunctenshc

»genernte oil. are cal]ed s50Ur

necusnry l‘or this: classlﬂcmon the amount of available prgnmc msttur in sotires |

|
luble orgamc matter;

“ 1oeks “in the‘ fo_rm ol/kemggn‘(' Tver an’ Berry, 1980).

n Che explor ion nnq reservou- estlmnhon ot

chhmel correlations belween expelled Ol.l and-source beds mvolve a

‘contrast and \comparisn of their s xpecnﬁc chemical coméosmons based on the fact,

'thnt Ihe ﬁydioc’ubon structure doil reflecty the com}ggmn of organjc matter

from _source rocks (Baker, 1969 Mmmnov et iy 1973, nan et al, 1986). T4

Successful source rock studies’ have become ‘more cymmon in Yecent years with the

L s o nvnnety of which/rely

“Soiiredrock st\ldiu\hsve been sssessed using ' conventional - geochemical

S m\:thods These include- the decermmamn of organi¢ ;/arbon and hydrocarbon s o

ntents and Felative nt\: of the va.nons Tractions (Bnke:, 1962). Petroleum can

e dwnded int three mai compounds (Tissdt and Welte, 1978; Nel/munn et al,’

.181).

hese aré defined as:



A

) d\mng mlgmmn (Pelot etal, FDB&) Rshos of cliemical} tuctwns mly be al}ered .

_ Gas chromatography (GC), md‘\ gas ch hy - mass y (G@ 0

oAromnhc hydrocnr n

by G

oNon~hydrocnbons mlde o{ high moleeuln welght oid-dispersed 3

parhcles ey

oReslnsv.Whl(:ﬁ contain’ for the most/-pnt basj xygen, uulphnr
and nitrogen con{pounds, are soluble in'n- pentsne and are-very -
“polar. %
3 % U " 3 ;

d nAsphnltenes wlncin .are insoluble'in n-pennne n.ud conmn \?u'y
large high molécular welxht compounds.

1

‘

Recent studies have s own that' bulk ehe cal composltxons batween' _

bxtumen in a source mck and the reservoir. petroleum pmdnct, may be sltered o

when less asphalt and nrnmm%s are retained, relative to sntnmted hydrocubbns,
which tend to migrate more resldlly (Deroo, 1976).
/

aof

i, Recent szudles have szressed the t of knowing th
\

h ongmnl orgamc ‘material (J -Ymg et nl 1982 Longman and Palmer, 1087)

D hnctwe chemml pnt!erns‘frTm unique bnologlcpl Iorm: atrong]y influence the

chnrgcter of specific organic materisls (Reed et al,; 1986; Hoffmann, et al., 1087).
2 " i S

MS)"give the chsgteriastion df both - distributions of speific compounds and

individual géochemical " bi 1 ‘\ (Tissot and' Welte, 1978). .GC- finger fint

: i U s ‘
traces of saturates (C,;.) and’ sromatics. can be used fo “recognize uimilp{

materials (Deroo, 1976, Dem!;i;:ki'let al., l§83) and to delinate the' ﬁnturqtion ofa .



of tl{e relahva b

2 i L
of upee:ﬁc isomers ‘such’ as pnstane and phytme md speclﬁc ions for steuk E
N\,

terpanm and hopmu gwe;a good indi " of source ‘. i and |

mammhon (McKmly et al, msa Conhaa ot al,- 1988; Peters -ct, al., 185;

Any ﬁetm.leum source’ study should qply 8 mnltivariaté' approach b

mclude more.than one aspect ol‘ geochemutry (Peters et al,, 1985)

define more-. ",

clearly a speclﬁc source, Most recent studlu v:omlnne bulk che
2

\_\ G\C dumb}mmu am:l stable cnrbon uotopes Reecl and Kaphn 1977. McKndy et
2%
al 1953) vuth a Timited rel'erence to nm‘oxen isotopes (Reed and Kaplm, 1977;

' S'.ahl 1977\ derson et al, 1983) 'Phe use of carbon lsohpus hnve become

comm%mthe eval\lmon of source rncks depmnuonml envuonments and org;

matter  fype’ (Fuex, 1017 Grizzle et nl. 1979; Sofer, 1984;-Galimov,

v 1986) Correlauam using vnlues df source’ rock kerogen and e ct.s, cumpared to
© oils's mmost common (Stahl 1 al 1078 " Fuex, 19’17 tope curves of 130/“0
ratlos frcm one fraction to’another, ploﬁ/relatwe to mcrexmmg polanty.chr

~ e
h{s{mrce \rocks, where their pmerns corrupond 8 5
\ ..

(Stahl 1978 Qulunov and Frik, 1988)

mdlcate sumla

Rock Evsl pyrolysis has become widely Mcep\te‘d in its use as ;an indicntor of
w:uuon, organic matter type and hydroenrbon potenml. The type of orgamc & 0

/msuer limits the potential ofa source rock and .can help delinate tha orj

:." den, 1984). The-separation of kerogen into va.nmln types ls

common ‘and necessAry, for most geochemxenl studles (Hunt 1%7 Wlllmms, 1974"




.- basis of hydmgm nnd oxygen xmm-wmmul‘\m

that* Type lll mguuc matter mll nnt oceur in Ordavmm orpmc mate
" predates the devehpment o{ land phnh T

2 o A



‘Chapter-2 " T gt gt

‘Gel eral'.ceology’

Ordovician sediments of the Cb:v_ Head Group and -is’ struéturally ‘underlsin by

‘s}"'ndeposition;l udimenls of th‘e Table Head Group (Stevens, 1070). This study is

based on- sampla collected from within the Cow Head Blld Table Head | Ftlis’//
5 The two groups \mderly n arefu of more’ Ih‘moﬂ—uf mh has T ;

an eshmnted tocnl volume of more than 4800 km?® (Wdlmma, 1974), and forms the ;

coastal’ lowlsndp of wset—centml New[oundlnnd Both the Cow Hml and” Ta.ble PR A

Head_groups occur within the Humber Zone (lelmms, 1078), wlnch repxpsent the

IS . 1

'md ion of the eastem margin of the Preum\mnp to
: eatly Paleozoic, North Americsn contment in a mafiner, similar to that of the .

t 0
- modern Atlantie margin’ (Fxgure 2~2) EL '




.eate\m Newfoundland;, ..

o

(after Williams'é al,, 1085).

Regional'Gedlogy of W.

-

Figure 2-1:




1. The Humber Zone A

The Humber zone is a compllshon ol three seq\lenm.l rock groups (S:henk

E 1978) faser hthon and “sllochth cover. The basement rocks are

GIenvﬂhnn in age (1130-840 Ma) and are, for the most, pm metamorphlc and

1 deposit on bop of tbe basement o

cover

- I

ise ofa basal conglome Jsandstone overlun by igneous; muf.s a’
arbonate  bank with“_ ha reefs, Shales, hmescom and

sedlmenf.s denved l‘rom '.he ela.st (Mai 3 (cr

mck) is ssed of Bilal cor ‘ 'md" bedded shiale

aequencu (Cow Head Gro\lp), a mddle ‘unit ol‘ clssuc ﬂysch (l.ower Head group)

nnd an’ npper nphmlxtm cap thrust lmm east to we_!t on top. of the preceeﬁmg

]

S0 um'.s e E

(atter Sohenk, 1978)

3 - conunenta crumt

Figure 2-21 Sehamauc cross section ol the
anclent margin of the: CunbroOrdovmmn ‘
continental shelf.



e in vertical sec on, as.a
'_ mteruedaed w:th turlndlm md lhalm wers daposlud on !hs shel( bresk nnd on

: !rmsported qbova_the cnbo‘n'l

‘ carbonate :hell'umuted thh M'uslmppx Vlllay' typa zine &pwu (Willaims ,

The Humber Zone svolved fmm mtul nﬂm; of tho buemm Gll'rehted

volcnmc aid mtrunva lequtnces, l‘ol]owed by tlnck ummuhhons ol clnt:c

sequenca d\mng the. late Preclmbrun (Williams, 1978). A. ﬂnnner, enrbonm .

- sequence formed on lha eonnmnla.l shelf betweeu Early Cunbmn aﬂd Eniy
&

Ordoncnn, thlcked ustwuds, off the ff the shelf- mw 8 nse prum, and-is pmerved

j'rpl_l\'( qure clastis to li sud thea

dol:m;itu‘- (l-‘ig"ure 2-2) Céma hmeshme breccias derived from the wub md

tha slqpe These are now. rep " nted in the

phtlonn ;and elpped by up to 10 km ol

i suiiq, ep! ing overtt i, ocennit crint aid m-.ntls(Stevén-, 1610),

The.' i md "-"., e ncycleofocu.mnyowth shell

sedimentation and eventml elmlns ol I-pllu.l (James and Stevm, 1986). . .

3. Mn.rgln Destruction R ae dep 8
~The deuruchon of "this mmnt mngi\ began toward the end of" th Euly
Ordoylcu.n epocﬁ and' records tlls gtuust plnu activity in the Appn.l.uhum 3

(Schenk- 1978) Instability was ﬁrut noted by thc deulopmeht of karst - ‘gefoss the

19‘75) There is no avndenee for mbdnclmn md ‘the shell was ne:bla until it was

cnrbonnu uhell und flyleh udlmenu in the Elr]y Ordavlcnn towuds thre)et
And Middle Oxdovmnn an tha wut ol tha Hnmber Zona in] Nawlmmdln.nd Thau g



are stmctunlly‘overlm hy the Allochthon, emplaced Jnrmg ﬁbe TMDI\IC Orogeny

(Oxdavwmn), a8 tecoome sllces tlnvan from the' southeast in a stack ol gnvny,
slices/(Stevens, 1970) Rocks on each succesdive higher slice are struugrnphloally
. older nnd more easterly than belaw (Wllhams, 1975) Deeper water sequences
were. trxnsyorted “westward across shallow water sequences. The strucural slhes
are bolmded by ‘thin zones ol’ shale melange 2nd exohc blocks, wluch are 3 result
Cof shdmg nnd lectomc mixing dunng lmbncahon (Wllham, IWD) Geneml i

'metamorpbmm is recoxded in esstern exposures whlch probably |ccompamed )

ophnohhe obducuon, ag the edge of North Amenca moved nnder ocean crust

] (Jnmes nnd Stevens, 1088) The bn.sement (Long Range lnher) usually has dn *

1. ‘--\~w.

‘but t contacts have‘ ;
been ebserved in several placee (anood s.nd Wlllmns, 1986). Thrusts and faults .

separate t.he Long Rnnge and Paleozoic carbonate sequences in several areas, and
v

are noted by hmescone ’bandmg, petition of

. T
Pecrystahznuon nnd overturned This’ implies . ilization of the

lg'neous complex weetwnd (Williams et al lliﬂs), during the morespervasive

deformatlonnl penod of Appalachian sh ing ‘in the‘“." isn (Acadian

,Omgeny) The - youngest de!ormnhonul period was “in the Carbomferons

- Bl
(Alleganian Orogeny) and seéms to repres % regional i wnch h

strike. slip move (Bosworth, 1985). The. arogenic phsses bad a

ptofonnd/elfect on the level of thermal altersuon of praerved orgamc mnuer The

P in de ini potenhnl source .

levels of ation are of great
rocks, Samples must be in or hnve paased zhmngh the oil wmdow at some stage in

¢ their evolutlon to be consldered s,source ' i j -~



.of an accumuluuon hetween a carbonate plnt{orm and the hasm Iloor (Fxgnre 2‘3)‘:

‘whlch have potentml as sollrces for loctl natural oxl ueps, \chosen bnsed on. the g

. ongmal bxolomcal detnm with dlagenesu w kerogen md blhlmen.

The bépoﬁiti:nn;l Model 1

The Cow Hend Grmlp is.a deep wntu e

The Table Hesd Gmup, in contnst repr-lenta a collnpsed cnrbonnte platl‘orm -

that suba’equently auuned a deep basin’ topog u(d detrital sedi )

consisting predo%nnﬂy of shale. Samples important to this study are t\mse/rocks "

quanmy of preserved orgnmc mpner thnt could e'vennm.lly be trnnsl’ormed Irom :

4\,

v Plgnn 2-3: Depositional environment of study area
during the Middle, Ordokun,repruenlmg a
e continental slope deposit
(after James et gl.; 1087).




Sedlments ‘arg ncher in. m-gu.nlc mtter when they are’ denved from suoxlc
(oxygen poor) envlronment! due fo lumted benilnc scavenging, reduced decny and’ ¢
preservahon The term u.noxin is rlefmed as’ an: envlron?ent ‘where oxygen -
x .concenh‘amns ne <02 ml/ - based on the mtroductlon of a trnnsmon zome-

: known 2s disaerobia (0.2'to’0.5 mi/l, Flscher nnd Arthln', 1971) Oxxc sedlmanta

'nxe thos« thst_\mve oxygen 1eveh >0§ mi/l, and usua ly show bmhlrbmon

Dema)son nud Mooxe (1980) hnve e{tabhshed 5 hmlhng futors for the exutnnce of.

o

. an anoxlc envuonment Theu are 8 fo]lows

unnry Inologncal prodnctmty bmlted by nntnent sllpply

1 degradation by scavengs to the most stable lipid rich
“state ! R ~3 "
T e M\e of tmnsport pelagu: sed\mentatwn

. anmle size ... the finer gmned the sednment the more restrained is

" oxygen dlftusnon - z

. Seabllny nnd stranﬁcnnon of the water column

3 Wynki (1962) st\ne : ',‘“ ical are responsibl for the

. existence of an oxygen minima but cn‘culnhon is responslble for the position.* The

. "anoxic envi it proposed by i nnd Moore (1980) must comply wnth

the original deposmonﬂ fnmework proposed by the preserved seglment‘ and

A % e A =

necessnry to lay nm sedlment down in -

the o;'igin‘fs_l'l‘oxm.' & -



S

7

restricted global cu-culahon patterns and - the, Cenohs eﬂ‘ect anbolltes found

sourees for the ‘lobes’ (James and Stevens,; 1988) These lobes aretmvuspered el
evidence of Dbiological thty, which cnnnot repr&sent s ',omlly NIOXIE

g consldered to \bu oxygen depleted or' dlsnerohv: ‘instead of cnmpletely moxu:

_fl‘he leoenvironment, 3. e d'by sedimentary sequend olboththe

P B

Cow Heml ,und “Table Hend groups, repmenu an open ocem Ano)uc event

Demasxon and Mooxe (1980) descnbe thls as an mtermedlnn layer mocmted wnth

che lee of cold wster sources, commonly !olmd on mtern margms a8 8 rwnll of

both above nnd below the selected gro\lps have been deuubed as gene

_.oceur in oxic envrronments Ge.nem wnhm the two grmlps express a. hdlenn )

(Wllllsms and Stevens, 1987)

~
Intermi"ent oversteepfng and slumping of the'csrbonau shelf break created -

breccia-lobes that pmch out lscemlly along the slope indicafing possible multlple‘

thhm the Green Pomt Formation and pmch out with depth. Slnles ann the .

-Cow Head Gro\lp are lgrey to reen and comsm llttle bloturbatmn There |s some

ent with the jinii llp ble percent of d:solved oxygen (Demnlson

and Moon, -1980) Thexetore thb envu'onmeql for “the Cow ‘Head Graup is.

Vi

. ‘Wllson (1088) l)fpnthmzed the existence o{ 8 Proto-Atlmtlc Ocean at the

time of* deyosmon of the Cow Hud and’ Tnble Head gropus.- in the Cunbro

Ordovici \w}nch hrd il mnrgmx intersecti central Ne

Mnme nnd New Bﬂ)‘:swnck and extended .across the Atlnnhc to dmde Englmd




';chaelocnuo{! ’ SR L PP

The dépnsmunu.l envlronment of tl}e Cow Head Group was Jocated along the .
nm:thwest coast of the ProtoAtlnntxc, along an extensmnn.l continental mrg‘m, W
the deposmon occnrred during a, yenod of relatlve/’suhsldence ‘of the shelf and

- slope arens, m Tesponse to lsostanc pressure due to sediment nccumnlmon nlong
-the mnrsm (Ste\cqns, 1970) <The Probo-A'.lantlc model snggesu:d by vanous

""Auﬂmrs (ston, 1966 l:‘o‘;tey et nl 1982; James and Stevens, 1982) represenfs /

enher a mnrgm or severnl mm‘gmnl basms, (perhnps even developlng into ani:’

ocean),r-wnh\ an assumed mtaermedlste oXygen - minimum - zone. Th|s lS

- characteristic of present day oceanic condltlons, as opposed to the typlcal enclosed

bssm model wh\ch has an anoxlc bottom layer (Demaison s.nd Moore, '!?0) This
sngguts that there was gefuute ipteraction’ between ' the deep ocean floor and

surfacial oxic lnyem Depositional patterns pmerved in sediments nr_e related _to
.o

h i moxlc and oxic. sedil and ci ion. patterns oci with
the Proto-Atlsnhc/lm defined. < S §
« T L L )
", The worldwide distribution of OQovicim black shales must be considered' o

E complete the o\;enll ‘picture that -relates the eurly Pa[eozolc me-Atlnnuc and’

&7
present dny envu-onments of anoxia.. In the emly Psleozolc 8 geogmphxcnl

wldespread black shnle fumes sequence and a later reducuon in the extent of shale y
dmtnbnmm in the ‘early Paleozoic suggest a variation in worldwn:le dmolved

oxygen conté‘nb.m the -oper ocemM(Bérry and lede, 1978) The oxygen
. ; i

distribution x$odel proposed .by . Cloud, (1978) suggests.that the oceans became = - = . .



gngzally prodnced at’ the snrlue;{

demnnd createrl by decnymg orgnmc mmer ol

. Deep ocean, circulation is pmrtly & rwxlt of sea. ice fqrmed at hngh Tatitudes whn:h s

?"aembutes to convectxon circulation (Leggett 1078). 'l’n the Late Precambnan md

eﬂrly Paleozmc, venubted waiets m deep Gesan ermronments expanded

eontrncted the extent of the anoxxc eveqp (Berry and W:lde, 1018, ‘Léggett; 1978) ]

D\lnug the eaﬂy Paleozmc, extenswe nnns _across contmeml 'mngms
l’lanked by oxygen minima layers extendmg m g;rut depths with' lnge mlo\mts of
rnnnne black-shales bemg deposited | (Cloud 1078), snmlu to. those séen: at Cow.

" Head: The genernl mechanism behm plate tectomcs' in thxs ern/wns perhaps

dnl‘fmnt thun today, and the: oceans themselvw 'were not.as deep thh the extent .
of anoxic events hmlted o' less thsn the 3 lulometer depths fownd in Cretueous
sedlmen'.s (Clolld 1976), resnltmg in cmnpulbly tlunner ‘shale sequenees The
c‘gncentrahon of atmospheric garbon dioxide may: haye been much greater’ and the )

h'ydwsphen contained much loss di#solved oxygen causing the oc’enﬁs to be more -

.prone - to anoxic even's (Beny and Wﬂde, 1978), ' and more smtable for

¢ %
preservahon of nrgn.mc matter L ¥

-

4 In snnfmnry the extent and dumbnhon of shales mdmnte that the sludy

srea was located slong the margm of a ba.sm or ocean syutem Fauns g-we an

ndicati of the diti nécmary for theu- exxstance In the Cow :

Head and Table Hend g'roups, preserved mmne uednnents vnry from anqxlc to 8

L4
{

. oxic: The worldwid ! of apunds ¢ marine 'oll prone® “black nlnlu in
2 s - ¢ - :



. : 7
the Cambro-Ordov 'nn record mdlcate a general globa! mo&w Q\fenk [;osslbly due

to restricted Seean ti ngh pnmary 3 fustiv , i iaté snoxic
zones and low dim en content influence the original Hepositional
. and_lowdissolved. oxygen conter e original Jep !

environment. ’ ] !
5, 1704
- Burial History \

-+ _source rocks, it is necessar)" m first \diferminelwhether the sequence§ in ;\mﬁon
'have undergone the vels of. mntunm Qnecassnry for the creatmn ol Ol] and/or

gas. In areas where nstun

oil wmdow, del‘med in convennonsl terms s 60-120°C. Maturahon o! the units

. . I —
fluorescence, conodont alteration.index (CAI);, and Rock Eval pyrolysis. These
methods give an indication of the extent of burial and thermal maturation the

’ _. sediments have undergone.

2.3.1. Fluorescence ! @
Yy Fluorescence studies indicate that sediment from both the Cow Head ;md
Table Head groups show differential t!;ennnl maturation (Hogan, IDSB) Levels of

diagenesis are based on the color and intensity of the kerogen in fluoréscent light.

~generation .is limited to' the Cow Head Group, with a thermal alteration index.

base of the oil wmdow, however, those samples contain relmvely poor qunhty nnd

eps ocour, the source must have passed thro\lgh the "

within the Cow Head: and Taj lead groups can be, assessed -on the basis ofg

* 4(TAI) of 2.5-3.0, equivalent to the pil window (Stnplin,‘ 1969). ‘The Table Head

i Group shows hlgher thermnl maturation levels (TAI >3 5) corresponding to the A

-

Studles ‘indicate that, based on mnturatmn levels, polentml for hydmcnrbon .




, collection adjacent to degollzment mrhcu and f-ult zones, and the_ results can’

only be used for a l;ro'ld assessment.

i . The type of kerogen assessed in l'luorueence studies md.leau that organic

" matter levels are inadequate for an interpretation of the Table Head (Mu.uley et
& - al, 1987) "Type II kerogen is found within the two poupt (Hngln, 1980 Macauley
) ot al,, 1087), and mdlcnteﬂnt”\rpnnl and 16w maturation Iuvels collld generwe

K only low grade bitumens.

2.3.2. Conot'iont Alteration Index ' ) . "o
o N Demled assessment of nntunhon of the Cow Head and T:ble Head Groups
was done based on CAI levels. The vn.mhon in color of preurved eonodunu

equals specific’ levels ohmtumy, md CAl values of 1 w 2 eon-spondm; h the

oil window (Nowlan lnd Bmu, 10875). Thermal maturation of Paleozoié strata

-from west-central qulonndlmd have been assessed using a representative sample

suite of conodonts (>10 ) gpecimens of well' defined age). The Cow Head Group
_have CAI levels of 1.5 eonupondmg w an oLl wlnduw umperum of 50 - 90°C;

- . and the only exception is the Lobster Cove locality (CAI > 4.5, equaling a-

4 dry gas /, I of- 100-3_00"0.){ considered to represent s

' floundered melange blu.:k (ime; and Stevens, 1086). :Tﬁe CAI values from the

T Table Head Group ayerage 2.5 ‘nnd, increase towards' the' north, whl_ch‘h
interpreted as an increna 'm burial depth iNowlsn and BHI;H, 1081b). oil '

.generztion commences wnth a CAl of 2 5, and thus a good potentnl source, bmd

LI “ on this rehholuhlp would be ths Cow Head Group.

% -




2. ! 3. Hoek Evnl Pyrolyull N 7 ' 7 .

* the Ruck Eval techmque (Mncauley et al 1985, 1987) Maturation is based on

' 'an excellent index of ion. The general nptio; or low mntunty ‘within

, Another nssusment of the level of maturation attnmedkhu been done using

[l; bai

‘the ratio of the amgunl of

presenb and tially a d the

bound watér; carbonate: gﬂd the bempemture of the expenmnnt (Tlssot snd Welte,

'1984) A contmuous incrpase o} thls mtm as a-function of depth or burial make 1t.

in tha ml wmdnw) was cnlculnted by Macauley- et al,

Ghe Table Head Group and' mnynnl matumy for the Cow Head Group (not yet,
/Z}&'l) Thexr study was

dnl‘hcult to compare to ﬂns thesns as strutlgmplnc terms and snmple locnt\ons were

} not defined clearly. : o " s

2.45Ducr§p.tion of Rock Units £= -
. . el . B
.Sample collection was based on 3 factors: 1) the sample availability and
relative location in relation to the observed oil seeps, 2) the organic matter J .
content preserved in local stratigraphic units. The most organic rich units are
grey to black. Selection was mostly of ‘black shales with exceptions being those
7 5
shales with secondary nodular limtope fesiunnm assumed to concentrate organic

métter‘ '(Coniglio, 1985). 3) Finally, The average grain size is relative to the

. amount of orgnmc matter preserved The {mer the size, the miore the petenf.ml Ior ’

preservation (Demmson and Moore, 1080)
v
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follows:

i i
2,40, Str-tlgnyhy & ¥ =

Deca:led strau;rnphlc and’ sednmenwlogwal Shldl&-ef'the wast-canm.l
of Newfoundlmd with fox-mshon, group snd member dwmons bas' been

summanzed in James and Stevens (lﬂstﬂ md Jlmu et al. ?1987) Samples have *

been selecled Iro)n ﬁﬂlc formations wd a summary of these. umts is cluded,
Lo g

based onJ,he proposed intervals 0{ James and Stevens (mse) (Flg\n‘e 2«4)

The C,ow Head Gronp consmts of .two e Iacles, &

of predomlnmtly caarse-gra ed roximal lithology. (Shslluw Buy Formal on) nnd

a finer grained distal lxtholugy (Green Point Formmon) The seemm is capped

by the Lower Head Sandstone Fo i of bedded sand O

greywackes and some shales. A summary of formations and individunl megabergr

*Shallow Bq Formation: a sequence of . limestone conglomerates
interbedded with hmestones and shales and subdw:ded into four

‘members.
o Downes Point Member ehe bnsal unit ol the Shsllow Bny‘v
of

Formation with minor
interbedded hmestone - |

° Tuckers CoVs Member: mtarhedded calcareous snndsbones and
conglomerates thh minor shales, silts.and limestones.

o Stemng Island Member " composed 'of meguonglomerates with.

minor interbeds of limestone, smdstons and shale. 5

o Factory Cove Member thick sequences of limestone md minor.
shnles punctuatud by. megﬂconglomaratu 5

o Green Point Formation: of predommantly red grey and black shales
with minor conglomerates and limestone; this can be dmded further |
into three members. = s

© Martin Point Member: mostly green and black shales wnh minor
snndstone, siltstone, pm‘ted hmestone and few conglumerates
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p 1 Black Cove Formation 2 Table Cove Formation '
g 3 3 Table Point Formation
¢ 4 Factory Cove Member 5 Stesting Island Member
€ Tucker Cove Member 7 Downe's Cove Member
22\ 8 St. Paul's Member @ Broom Point Member o
. : 10-Martin Point Member : / <
{ Gl ’ ’ t

: T A
_ Figure 2-4: Stylized stratigraphic column of
- the Cow Head and Table Head Groups, .
3w (llter James and Stevens, 1986).

o Broom Point Member: composed of. pa;te_d_hmestone with minor S
siltstone, sanduwne and cnnglomerna

oSt Paulf\Member: the upper member wnth thick 'sequences of . 3’
distinctive red, green and bluk shales“with minor variable g
i A T
o- .
. X . ’
. ’
¥ v s




dat o d below ind

d with Slack shalés

.« Table Point F e ] viitﬁ'mind!_ il
dolomites < e e

‘e Table Cove Fomnhon' cnnmdnl md sha.ley hmutones wnth uhde md =
sl\u'np fenurc! increasing in content npwudl

. Blnek Cove l‘ormlﬁon solely black slnles and m\ldltones . ) P
o Cape Cormorant Formation: grey to bln_ck shales, grcen uﬂﬁton with ’)'
5 hidi ot : ¥ » ?

bedded turl aga

‘o

i . 242.Samplehp \ y B e -

Y

The Iocutlon of nlnples vhth relation -w outerop lithology w‘d mlplue i ’

_ position is presented in Figure 2—6 The logs were slmpll_ﬁed. from V!‘dhm and
o Stevens (1987) and James ‘aad Stevens (1988), and are based on the ‘ﬁold

5 5 i : " assessment of the onbcrops by the author.. 32 Sunpls ‘were ulected from ﬂle
bers® and fons indicated in-Figire 2:5 and itemized mcl‘nbla 21,
Comparative bi igraphic and ch igraphi loplorthelehHud.

Gronp, Lobster Cove and- Barsins Pond ontcrop £ulmu were not available for

detm]ed strnhgnphlc log profiles and sl.mphs h‘va beed gw

names And Approximlta member names where xdenllf" ed. (Cswood lnd wll“lml, "

: . o et % = " -
g »1988) e s o, " oo

l/’/
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Explorntion History'

3 r
i OI.l uepa m ‘western Newfonndhnd lnve been recortled since 1812, ‘when

'

Sy 2 M Pnrqonl colleeted seep oils ‘and used blne emd

he cmmenc of
rheltmntmn. The exp!ounon for. oll was not sctlvaly purs nnti\ 1867, When the

\l’u-! well alm’ed produced an bil show. Nine more wells were dnlled between 1892
lnd 1908 by Jhe Newloundlmd 0il Comy:ny, six nfwhlcll cnmunleked oil'and /or
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£ ) Pl.m"zJ{ Locnionnupalor.the individual sample logs:
gas. The decpest well was driled. to 3050 fest (Flemming, 1970). By 1008,
‘spproximately 700 to 800 barrels of oil had been shipped from the Pagsons Pond
area. From 1008 to 1920, no new wells were drilled but three wells were ;lrilled
between 1?20 and igﬂ&'(Brown, 1938). A further lull in drilling occurred between
1025 and Yiosg, bat il prior to 1025 were reinvestigated (Brown, 1938), and the
oils n'n'alysed’were .described as amber in color, pnnrﬁn-intermeclii'uu type nnd'
with 8 specific ;uvity. ?f ng008 at 60 °F. In 1052 a compmy'o.wnefi by J. Fo;(

~




; drilled at Parmns Pond but the dnll logs ot hese e!‘l‘om were\Pot recorded Th!

28"

\.

most recent dnlluzg ‘was-in 1965, by the Newfonndlnnd\ and, thndox Ccrpomnon #
(NAL_CO), wh}lych drilled one well to a depth of 4271 leet before\csvmg prevented
furthér dnlhng (Flemming, 1970). The Petrolenm Dueclomte ot Newfoundland
reopened’ the area to exploratxon in 1983 (K\mkle, 1988) ‘The number of known .
wells s 28 (Flgnm 27);. and a more detailed account is reiorded in F)emmmg -
(1970). Oil conunues to stand i in abandoned open dnll stems and. nlong the wa

Lable, in sha]low wnter wells both at St. Paul's Inlet and Pnrsons Pond

. 8T. uun.'u INLET AREA

Fl;urn 2-7:  Well location in Parsons Pontl
. .. sud'St. Poul's Inlet. -

o . -
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2:5.1. Patrolmm Potentltl

P

Western Newfoundhnd is the only omhore area within the movmce with a.

jal Ior rolet duction. Most of the earliest work was purely .

speculahve and. wﬂdcat in nature based on tidbits of ml‘ormahon, pmed by. wurd

' ]
of mouth apd assimpti with some ence to petroli ‘and bi

rocks i 'the CAmbro-Ordovmm sequences on the wwt coast (Flemmmg 1970) An ¢
messment of petrolenm possxbllltleun md around the Gulf of St, Lawrence,”
determmed that commereul oil and gas pools’ might exm, but would probally be
dllf’ cult to find, as a Tresult of complex geologwal stmc}uru (Wdhsms, 1974). A
total gross of 30 uullmn bsmls and0.3 trillion cubic feet ‘of gas, were estimated to

be present; however, most wells were drilled in%eTusters proximal to: seeps nnd few

v

hnve been consldered as s:gmﬁcant due to the inflience of local seeps from a ’

regervoir on the well flow. It is obvxous that the area does posum some value as a’

potential petroleum field and |t is hoped that thu study wnll resolve some Jof the
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Chapter 3
Analytlcal Methods L

All rock nmples ‘were obtuned -t lpproxmmly 15 em denlll l-long beddlng
' planes fron expoud putqrqps_, wnpped in preclwad tmloLI andstored ‘in plastic -
3 s f

umple bags. Oil samples werb collected from relic ltandplpes by skimming the.

durl’me of the water table. and storing the oils in solvent cleaned’ (hss vials whlch ’

Yvere seu]ed wnh teflon caps. o

3.1.1. Crushing And Grinding i ¢

Outcrop samples were trimmed to move obnonsly wuthued surfaces and .
rinsed with dlshlled vuler to .clear ‘residual soil. Ssmples were crushed to
h);ments of approxmuuly 0.5.cm by,hnd u.un; a nuul md ‘plate which had 2
been cleaned ‘with methanol. Snmpla were then powdqod l’or 5 minutes in ln ‘

agate disk mill to the optimum gmn size ol 70 sm necessary for the most elﬁclent

‘extraction of hydmubcnl (Fu;uson. 1002 Puwall 1978). Overpmle
'nvolded to prevent oxxdmon and’ premnura pyrquuu (Peters, 1986] ples : -




bmunen (soluble orgunca) retamed in the shales. A vanety of methods wer/g,

initially campa.red to demmme zhe most useful p.mcedure ror/chns study. All .

solvents used. dunng malyses were' ill ¢ for purificati wnh thc pti

of reagent yade dnethy) ethbi- used_m the lxquxd chmmamgnphy

3.2.1 Eanctlon Tsehnlquu

Many methods lmve been developed Ior the solvent extraction
shxla.’Rohrback (1979) c.uhpaxed five techmques whwh mcluded L'mauons i

bcth phymnl and chemical processes. Four or che ﬁve techmquos were l‘urther’

compsred in tlns study, to assess their qn:tabﬂlty ror the sample suite. These'are:

1) shaker table - - 5 i . = Y
2) sonicator . 5 |
..3) reflux *

~4) quxhlet

Two methodx the shnker table :and sonication, were compared. based on _physical ’

agitation “of mmples in solvents The.reflux and soxhlet were compued on thg

baslsol' utlhzmg isti p cabi -was b ni 'from‘ )

rep]xute analysis. Snmple sizé for -the procedures varied from 15 to 30, gm,

" dependent ‘on the volurhes of 'the i and X A used. The :

shalé used in the companhve study was from the Alberl Formnt:on oil sha.lee in

New Brunswick, ehosen because of its hlgh orgnmc content and Avmhblhty (LA

Ferguson, pers. com.).



5 solvent mmures in multiples of ﬁve hour penods Eor 25 holu's ina wuter bath u! :

./lresh solvent was ,then addeg The extrnct.s were combmed md fil ltered on/'
‘prenshed solvent nnae( ﬁltars, evap a at 40°C lnd antified Tlus

v ’was,

: tnble, plus an, additional 25 mlnutes Ior cantnﬁlgmg is req\med-i‘unher, lt i
'necessary m add clean. solvent every 5 hours to ma}umxze the solvent exmchon,v

.and when combmed wlth penodlc plpemng this would incresse the chmce o{.

e ~
3.2.2. Shaker Table o t P

Sha er tnbla emdei\cy ‘wis calculated, trom ﬁve snmplm runin two diff erent Ty

25°C. Samplu of 15 gm were xllu-ned in 30 ml of solvent M each five hmlr" .

interval samples and solvent’ were centnl’nged md thé extruct umoved by plpeue,'»

hloroform/. " L und taluene/methanol ‘s/o?ent

mxxtureg The resnlts indicate thu.t. even after- 5 extmchons Qhe Amount o{

hrtumen was stlll ncreasing (Figure 3-1) A eompumon of the solvent mlxtln
shows smnlar yleld between the tolllens/methanol snd chloroform/methanol'

(Table'3-1). ey e ) ; o
7 B S . ‘ s

* Disadvantages w:iﬂx the shaker table include the am'om;t»of time ' and

hnndlin‘g necessary for,complete sample malys'\s', at least 25 l\oun for the sﬂsker ¥

cuntammnmn . ) . -




e i
NUMBER OF HOURS

- Figure 31 Relatlonshlp of time to the amount
“of bitumen. extfacted from shalw using two R
different solvent mixtures

T . ‘and the shaker table. ' . . ' i

,‘

3.2.3.Sonicator

Sonlcatmn ~was undertaken in an. ultra-sound 'container with’ snmples
relamed ata conshnt temperature of 25"0 The water heated rapidly md had to

& be changed l‘requently The experm‘lent Was run ina slmllnr manner to the shaker !

v table methnd except that the exzrnchon time was reduced to 20 mumtes A ',ocal ,’
of 5 runs, each wnth 30 ml solvent aliquots were run for both solvent mnmnea and’

75
centrifuging. The results indicate less extractnble material was obumed (Table

v



. ~ sample Veight Runt.ime
solvent Weight (hours) *
. o g -
Chjoroform/fiethanol " | 14.98g 1177 s
1483 167 10 .
15.07 2003 15
14.92 2.1 20
s 15001 2037, 25
Toluene/methanol . 15.13 107 s
: - 1slo 167 10
. 14l86 217 15,
14093 205 20"
\ 15002 262 25

B ’ o
Table 3-1:  Weight percent of extractable

material from yowdered shales as a

result of varying time mcsrvnls
3-2, Figure 3-2). As with the shnker table methed similar thssdvmtnges were
found, incliding excessive hapdling, but- total time was reduced to,1 hour md 40
minutes, with” 25 minutes for centru’nmg A further problem of moleculsr

nlteranon of organic compounds was not mméd

. ReﬂuxA

The last two methods utilized solvent reﬂux‘ and were performed ifi

enclosed pre-cl d ;Ias& atus. Simple reflux .entailed ‘boiling 30 * -

‘gm of powdered shnles in & 500 ml round bottom flask connected to a

condensation calumn md mled with 100 ml of sojvent (Flgure 3-3). The' reflux
was continuously run for 48 hours, with. solvent changed after _t_he first 24 hours,
The extracted material was combined’ after each re’ﬂux run..v It-was necessary at
this point lo filter the sediment remaining in the round bottom. flask, as weli as

the collected extrut to remove fine clays. All filters were preashed nnd rinsed

wrth solvents prior to hltrnhon ¢ Mg




WEIGHT pERCENT
L0 us . 20 28

-
5,8

.n W

40 [
MUMBER OF MINUTES

Figure 3-2: Relationship of time to the amount
of bitumen extracted from powdered
shales using two different solvent

mixtyres and the sonicator. -

The. reflux method provéd to be more efficient- than either of the two
\
previous methods, in that a slightly greater amount of extract was obtained per
unit (Table 3-3), and thé use of larger samples yielded more extract for analysis.
There is no significant difference in solvent mixture extract volumes. Problems
. encountered involved difficulty in ﬁliration, a5 well as the handling requir;d for

the samples. Run ‘ime was 48 hours with at least 2 hours for a f;}e-nm to clean

-
the glassware. . ° ‘ ) R Y




=
Solvast

“chlorotéra/Methanol

- Toluens/sethanol
s .
: S : o o
i : Table 3:2: - Weight percent of extractable
g materisl from powdered shales as a
“ result of varying time intervals.
l‘lgnr’e 3-3: Rei)ruenlntinn of the apparatus used
s . * in the reflux extraction procedure.




B " Sample  Extract Weight Runt:
Ty Solvent Weight Weight Ig lhnum
[ 7 7
{ Chloroform/methanol 30.03g 0,78g LS\)‘ 24
/ : . 25098 o 291 .. 48 |

Toluene/nethanol 29.97 0.78 2.61 2¢

¢ 30.04 0,30 3.01 48

N .

s »
- Table 3-3:  Weight pereenbo(rel’lux,exmicted
material from powdered shales as & result
# ., of varying time. intervals and solxenis.

3.2.5. Soxhlet : \
The final method d was sochlet -extraction; which uses a

enclosed system that incorporates the use of condensation,: evaporation and

extraction to supply continuous fresh solvent to the powdered sample (Figure 3-4).

requiring little or no filtration..Sample Qi‘ze.s were 30 gm and the vo‘]umé of solvent
used was 200 ml. The extraction ran for 48 hours with a fresh solv*nt flask added
after’ 24 hours. Final weight peréent ‘was determined by combininé the two flask
. 7 7

conients, evaporating the solvent and weighing the material. |

24 houu. Filtration was perfmmed .only where the thimble had Fverﬂowed and
fine chy escaped down mlo the flask. Minor hmdllng was necessary nud this
reduced the chnnce of contammstlon Extract results were compambla to the
feflux pl‘ecedure (Table 3-4) w:th dlllerences in msults hkely due to less umple

loss during transfer.

This methoci differs from the reflix procedure in that the solvent|and powder arev
. »

i
separated and the extracted bitumen collects in the round: M‘mom reservoir

“This procedure required 48 hours to run, plus initjal thimhlf extraction for_




> g o h ]
.nk’...-.:- ;
Siphon ) . b

Solvent € - £
~end extract* .

» [ Hhy He.

Figure 3-4: - Representation of the apparatus ~
used in the soxhlet extraction technique.

&
\
5 . *
*  Sasple Extract Weight
sopvent Seigne Vaignt a0
. '
Chloroform/methanol  30.05g 0.8 2.84 -
5 Toluene/methanol ¢ . 30.08 0.98 3.2
b B . 1 2

Table 3-4: Weight yeﬂ:snt of soxhlet exlncted
material from powdered shales asa '+
‘) ¢ . result of varying solvents.
* .

‘On assesing the' results for all the exiraction techniques, the most




,aeceptable for-use with the sampleo analysed was.the soxhlet method (Tublers-sj,

- based on. the amaunt of handling required for each’ procedute und quantlty 0| the

ﬂnalk extracl. This agrees” wish previous. studies which jhave prelere\_‘] the soxhlet * X

method  asywell, (Leythshuser, 1973; Koots and Speight, .1975; Clayton and’

- Bosnck 1985) The exnact size_ Irum all methods was.extremely, smnll and it was

necessnry w choose a meihod ‘with the least " posslblhty of humun error, whlle'_

liminati the ibili of ot f:the extra ‘results Both the shaker

table and somcntor table are good methods for large. numbers ol‘ samples, but
J requu'e a great deal of hmdhng, mcreasmg the yotenhnl lor enor Reﬂnx is
useful for large quantities o(. sxmples but requires mtrahon not_hecessary {or

soxhlet extracts. -

Total Amount of Sample Amount
Techniqué Runt ine Handilinge oiee Sover:

Shaker Table 25/shr ' high 15g . . 1soml

~ Somicator — 2.5  hygh 15 150
Reflux " 50.0 moderate 30 400
_Soxhlet ' 72.0 low . 30 - 400

" *high = more than 1.5 hc/sam
moderate = pore than 0.5 o 1 hrlllmple
ddss than 0.5 hrlullp
-~

‘Table 3-5: Comparison o{ various extraction methods
L based on individual samplcs




(Durand et al,, 1070; Radke; 1b7s; Démbicki, 1984; Snowden, 1984; Crisp and

Ellis 1986) as well s Jpici properties. A i itions were chosen.

based on'standards in Weasv and Astle (1982) znd pmented in Table 36..
-, . . $; . =

iy . 4 . Boiling
% Solvent Mixture Ratip . Point

+ - Chloroform/methanol  87.3112.6 - 53.4%

Toluene/me€hanol 27:5162.5  63.5%

X Table 3:8: Azeotropic solvent mutnres and | P LI
S g H ‘their boiling points, (Weast nnd Ascle, 1982) -
. J %
e

& T W Extmchon techmques ‘were also useful in &ssessmg azeohoplc nuxtures to

determme the most suitable cornbination of solvents for this’ speclﬂc sunple suite.

. -
. Although hoth solvent mixfures guve anmlar result.s toluene/methnol worked

bener (See Fxgures 31 Bﬂd 3—2) ‘The. bnumen obtamed in the sonicator and

o By O shaker table’ methoés extracted by chlom{orm/methmol wad initially larger than

the toluene/methanol results. Hofiever, this changed about,2/5 of the way into

ihe extrmtlon, md the l'nnl‘ dmounts wnh the toluene/methmol were slightly
larger than wnth chloroform/methnnol Extrnchon with the reflux and soxhlet
pvoved ‘superior wnh the toluene/methlnol mixture extractmg up to 12% more

thm the chlorotorm/methlnol This was verifiéd with rephcnte snmplu and

: tolueue/methahol was chosen for the extraction of bnumens \



8 . iy 41
°3.8..0il and Extract. Fractionation . 5 E B =
Bm:mens eollected using the soxhlet extraction proced)u-e, as well as stored

oils collected from the bandoned dpipes were e d (25"0 and-10 mm

Hg), nnd quantified prior- to< column chromstognphy The dried oils were
extremely black-brown and tarry in compaﬂson to the extracts whicki ranged in

olor from clear amber to deep brown

* Anslysis of oils, extracts and other compléx mixtures requires separation
into individusl classed or families and then eventual characterization of fhe class

into individual compounds./ Methods of separation have been developed based fn

various structural types of pound: and

and how these

are accommodated in solvent solutions (Dgand et al, 1970; Oudin, 1070).
i .
were accomplished dirig,to the sclieme shown in Figure 3-5.

3.3:1. Asphalt Px:ulpltft}nn
l;rior to charging extracts and oils on Lo‘/a liq;;d c}rom_uw.gnphic column,
asphaltenes were r;m;yed Various sélvents ‘hnv‘e been used for; the précii)itation
of nsphnltene A few examples include n-hexnne ('l‘|ssot x-mdeelte, 1978), n-
heptane (Olldm, 1970), petroleum napthn, (Tver and Berry, 1980; McKn'dy et al.,
1081) and ﬂ-pent.ne (Hirsch et al, 1072; Powell et al, 1984, Longman and

i 5 1 s
Palmer, 1987). For this study n-pentane was chosen as it is the most commonly

used method (Powell et al., 1984), and complimented future techi;iques‘

2 - o :
Solvent to sample ratios for pentane precipitation vary from 10/1 (Hirsch et
/> .

al,, 1072; ASTM D2007, 1984), to 20/1 (Sawatzky et al., 1076) to as high as 100/1




N-PENTANE rnzcmur)an S

3 . LRl T . <
. [ Hydracnma"n: and ﬂuln;] r Asphaltenes
N S T )
RS LIQUID CHROMATOGRAPHY
M i Fipgs
i .0 ADSOHFYION on. SILICA 7
| Z ELUTED IN HEXANE " Ansoncmon - .
e b
. - ¢ ELUTED IN HEX[BENZ j :E":,r/ﬁ[,':,
“ & 2L o
: 2 . ["Aromatic HC and]
- Benzothiophent -
Figure 3-5¢ -Flow chart schematic of petroleum .
; . separation by liquid column chromatography. *

(ASTM))4055, 1984). Testscarried out by- Quick (in preparation) ‘assessed n-
\ i .
pentane to sample ratios, and determined tlm 2780:1. re.tio of bitimen to solvent
was needed for complete précipitation. Samples i in tlus sludy did/ not exceed 0.33

ml and thus a maximum of 20 ml was necessary for precnpnm,on at.s 60:1 raho

Oifs and extracts were redissolved i 0.5 ml ol‘ tl’)lnene/methn.nol’ (1'3)‘ and
~then diluted with 20 ml of n-pentane. The samples were ngltaznd l'(r /5 minutes, -
and stored for 24 hours at 25°C. Asphsltenes were filtered on pl‘e-WN hed hred :
glass fiber fiiters and" rmsed with n-pentane. The (‘i]un with i.sphsltenen were ‘

Yissolved i

dned at 45°C, ‘and weighed, Following this procedure, Asphul'.s wera

mluene/methnnol (1: 3) and. stored for lster analysu. The pentane ﬁltnte was

s dried, redissolved in hexane ‘and > d.by liquid ¢hrom hy: .
N ” o




3.3.2. Golnmn Ch‘-omltogrl‘phy
A vmety of methods ‘have been used.for petroleum separation. ulde from
tl’ie col Ve,ntlonf;l liquid colllmn method (Baker, 1862; Fergu.wn‘ 1962
Leytl;aevser, 1973; D{ushel,'lﬁﬁg; P;lmer,‘ 1984); many séudieﬁ have ipcorporated
high peiran'nmce.(HPLC) (L'ongmnn nnd'Pa.lmer, 1987; Zﬁmbu;ge, 1987) and
- tlun-laygr chromntogrsphy (TLC) (Monm et al., 1981; Simoneit et al., 1981;v
.. Comet et n.l 1986). .

-

Tln:p ccnvennon&l method. of, adsorptxon chromatog'raphy is'a phys)cn]
process of separation bu.sed on a two.phase system, one mobilé'and ‘one nther

statioflary (Yost. et al, 1980). The process is a result of repeated adsnrpnon-
Pt 2

dependant upon the ficie: : .of each ""This
B a

“study used normal phase chromatogn/phy with a strongly polar stationary l‘)edv

(silica'alu‘mina) and nonpolar mobile phase (orgn;nic solvent). Polar samples are

retmned on the column longer than nonpolzu In. general polarity i increases from

to ties'to Tesins (N m et al., 1081). Removnl of these can be

. done wxch _the use of more polar solvents Various solvent’ combinations and

stntlonary beds have been' }sed (Oudm,‘lWO‘ Hirsch et al., 1972- Suwatzky:;et al,
1976; ' ASTM D2001 1084) The proced\lre chosen was, based on a combination of

several methads Flow rates range from 200 ml/hr (Sawataky et al., 1976) to. 50 -

ok vml/hr (McRae, 1086) McRae (1088) indicated that speed of elution i is critical in

i'rncnonntlon and thnt with rnpxd rates almost no sa.mple dl[fusmn occurs (Yost et

al., 1980) An elution flow rate or 50 ml/hr -was selected:

re

‘ Burets used were 6 mm-ID after Dur‘and et al, (1970), fitted with 30 ml

- ' ‘ s >




of 40 gm/so mg of hydrocarbon feed (Olldm 1070) This wn-cove( 4 with'll,

slnrry of alumina at a rano of 30 gm/gm column feed.; Both silica nntl alumms

‘were I'ully tivated. for the T ration of nonpolnr ds. Activation was Ceriy

camed out by low temperuure Heat over a p;nod of time k: remove bonded
water molecules Xn this study absorbants were achvuted at 200 °C for 8 ho\lrs,ln '

small batches every twa days during the cl)mmazugraphy exneriments (Dgn-s_nd et

. al,, 1970; Sawatzky et al., 1976).
i

. '._ W, e

+ The procedure used by Durand et al&“lﬂm) is'dmigned for'¥33- mg of Ieed
and Was scnled» down for thu study as the aximum sample size from extm:tlon
was 70 mg. A total of 2. 1 gm (2 5 ml) o s‘!nmma and 3.3 gm (49 ml) o_f silica” -

were employed for'a total volume of 7.3 ml olumns were pscked with stopeacks - !

open “to n.llow tighter eol\lmn pore spacing, Elution volnm- were calculited

\
g. to chk (in, p i and Duinnd ‘et al. (1970) Imml sut\nrue ;

collectmn was based on 2. 5% calumn pore volume of approxlmat/ly 4 4 ml

Chromamgraphlc prccednres from various mlthors are praented in Table 3—7 Q
\‘ .

The method chosenr was verified to check pammeters altered from accepted

. methods, Thxs was done by chugmg‘ﬂ pnre stnndard eompo\mdu nt

concentration of l ‘mg/ml on the columns. These mcluded a lnrge chain nlknné O o

n~C ) m determine the “saturate elution endpoun, and 8! lnghly condensed
40/ \

polyal ic ( to d ine the n.rommc endpoiit. Evsry one ml of

snlvent that ‘passed through the column was mdmdlnlly :ollected sml mglysed




CR Volises and ﬁnlv-
‘Authors b Aromat.

Restns

Sawatzki et al. ‘n-pentans . benzens (50)
1976 25n1 n-pentane (50)

Durand et al. .- heptane ' heptane(6)
1970 + 35R1 benzene (33).~
= . 150m1

Hirsch et al. n-pentane  n-pentane (85)
©, 1m 2500m1  benzene (15)
§000m1 -
Quick hexane hex dne (66)°
(4n peparation). ' 50ml

hexarie - hexane (60)
20ml benzene (40)
. 20m

Galimoy and Frik hexane(50)® beniene

# ather
40m1

iethanol (50) e
banzena (50) /
30ml

other, J

méthanol (60)
benzene (20)
ther (20)

Dbenzene (50) Z
methanol (50) '~
401"

methanol (50)

for t/he standard compounds. Obséﬁntioqs of n-C,

whxch gave <l% mono-aromaucs in~ the saturates

appem‘ed in the. hexnna/benzene elutmn at ubout 32 m],

¥ - 1986 | . bgmxl_n- (50) benzene(50)
This Study " .Hexane Hexana (66) ' benzene (50)
; 1iml benzene (33) "« methanol (50)
. 45mL 9ml
ether
s Sm1
&t Table 8-7: Comparison of chromatography methods
| = o ol " uged by varjous autho;

igceter 7 ol eetled e

" degision to remin th‘otal 11 ml volume from the.scaled down. original method

(Oudin, 1070) Coronene

and thus 45 ml cnlculnted

from the scaled..o lgmul mathod was choosen to endure complete collection o!
_ aromatics. Eln!xon with. pnra benuu resulted in some of the. resins h g
desorbed This was evueent m the compn-nble colms of the columns and eluants.

lmxlsr hydrocarbon clm-ges to the eolumn wex"e _compared in a series of trials’




and lzexnne followed by pure hexune, nllowmg the solunun to become level wnﬁ:
*the a.lumma This' allowed the ssmple to move lhrongh the column s & unit vmh
no residual hydmcnbons left on_the: buret walls ’l‘he procedure was repented lor

* ‘solvent changes. lndmduul l'ructmns ‘were collected in elegned vmls md allowed to' ®

dry overmght at 25"0 and ll) mm Hg, and were then transferred clenne,d/
prewelghted 2 ml vials, redned and q\mntlﬁed Sat\lme and mmﬂt:}hq s
"Vvere redlssolved in 0.5 ml hexme md resins wefe dlsolverl in 0.5 ml ‘benzene.
The satur{ne fraction was a clear mixture, the aromatics were yellow to amber
with a'subtle green ﬂuoresé:i;e, and the resins vlereybx‘ow; to :mber retaining th;
color of the initial column feed mxteml Elution of resins retnrned the colnmns
to thema.ngm‘nl 9olor Each sample reqlnred 2 hours, but five sampleﬁ could ba

run sim usly in 4 hours, i

mll.ml‘packmg, separation and cleamlp. ¢

a0 s, v .

3.3.. 3 Smple Lou

"
” Standard deviations bsserl on an external sample (Hibernia l-dﬂ crude) were

for saturatés: 1.73%, urom!hcl 095% and resins: 0.52%. We)glnng ol hltumens o

at various stages allowed evnluatmn of sample loss, Aspllalt precnpuutmn'gu.re an

average “loss '_Qlf' 5.2% with stm;clard deviation of 0.67% llLring transfer, Bliplmen N ’

Vs . . F g
" -amounts used in the study were thus l;n.secl on a.sphnltenevlree wel

iquid chromatography gave an average loss on the column of 5. B%’ due to.

eithe evaporanon, retenhon on thé stntlonnry pl:m (mhet/llummn) or transfer. .

Drylng between proeeduras produced n/agllglbla welght d:lleremm and r&ulted, in.
loss of Ilght He (<nCla). i
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All rock sa.mpla were nnalysed for fntpl orgnmc cu-b 1 content (TOC) A

variety of methodx have been used to-determine TOC mcludmg LECO nnnlys:s
(Leythauser, 1973 Snowden, 1084; Vlierboom et al 1qsa), mrutmn (Gnudeue et
1974) and CO cnhbrntmn on a manoml‘r (Mscko and chk 1986) A

comparison of both the titration and manometer methody was undertaken for this

: s o
It is necessary prior_to any TOC calculation, to remove' carbonate ‘carbon-
” g i P

2 the “distinction between e $hd organic carbon- cnnngl{be
made hy any procedure. Re;noyal of caii:on.nt“e was done.by first drying a-
-prewe{‘ghed powdered sample at 45°C for 24 hours, and t_hen’re@’eighi;g to
| ; The

dezermi’ne water content. The calculations‘ﬁr TOC are based on dry weig

powdered sunples were acidified for 24 hours at 45°C wih 3.0N HCl and filtered

on uhed and dried prewelghed glass fiber filters rinsing wnth dlstllled water, ’l‘he

7 ¥ filters und‘ acidified-samples weré dried for 24 hours’ at 45°C, reweighéd and loss
] L @

, caléulated. :Samplu Were. then used for TOC analysis.

¥
8 4:1. Th.rltlon L " - o

The tlmmon method was-based on mdles by Gaudette et al. (1974). The
ongmal study !ound that the analytical procedure worked Imrly .well for recent
sednments with httfe earhonnte, that have not as yet nndergona lithification. The
* Hitration methéd was not ong'mnlly‘ perrormed thh carbonate free sunples,

however, xt was found thnt ‘the- snmples used in this study contained up to 80%

carbonate 2 com sréd to those used in the ongmnl study that connmed 5%




i

L Y

carbonate (Gaudelte et al, 1974) Anclent sedunents .rich m CnCOa, usiny
titration gave a. 15% error in. TOC resulta h-um a rephcate suite of { four smpla

. . 5 ) o

For samplu containing a large percent of tom or;a.nic material, titration

posed ‘some difficulties. The procedure required sckling of the relatwe vVoluimes

used/or retitration 'to accomodate the large quantity of oggnme cnrbon presenlg

"These larger volumes reduced the accuracy whe small samples were analysed md

" thus, lt was eeeunry to assess relatwe concentntlons of carbon within selected ;

" samples prior. to titration. These necessary mumphons were at times, dllﬁcult,

and resulted in répeated tjtrations and sample wuﬁné. Results from titrations

indicate that for recent sediments the method works well but does not offer any

improvements over other methods for ancient sediments.
.

3.4.2,'Gas Calibration =
In comparison to the prevnons method, the manometer gas ca]ibrntion
proved effective, not only for TOC csculaucn but also jn collectlon of CO and- 'w
N, gases for eventual use mhbs e analysis. Weighed samples (and ﬁlters) ‘wnh
carbonate rembved were load;d ipmo\spr ired (450°C, 1 hour) io mm quartz
tubes with a volume' M\g\:ound CuO BDH heﬁtﬁi at 900°C l‘or.l hour), .nt

least twice the nmple size and- 2 volume of granular €u metal- (Alpha. Resources)

. at least equal fo the sample size (Macko, 1981) Tubes’ were then sealed under

vacuum and heated to 850°C for 1 hour. They were then slowly cooled to 300°C

to allow a gradual temperature decrease for complete combustion of the samples.

el ¢
" After combustion the tubes were opened under vacuum into a glass manifold...-
~ 5




(Figure 3-8) an;i the CO, was cryoggnigaily (puriﬁed. Initally, water and CO,

‘were frozen out with liquid niti'ogen.lThe N2 gas was collected on a molecular

sieve in a liquid N2 bath. This was sealed and saved for isoéope analysis. The GO,

as a vapor and water we;e kept frozen by replacing the liquiZi ‘N, bath with-dry _ '

: ice-methanol. The qlunmy of CO was’ d on a calib d The

was previ d using welghed poxtwnsof n~C“ combusted

. in the same malhod (Quick, in prepuanon) Calculmon of TOC waﬁ' based on

dry rock welght Finally, the CO was collected in a pyrex tube by freezmg with

liquid Nz, sealed and retamfd/ for lu{t{ uotope analysis.

3.5. Carbon Isotope Analysis - b 4 .’ '

,Car‘bon isotope _vnl;xes were determined for all whole oils, bitumen and oil
fractions, and whole rock samples. All isotope Kualyses were done us’ing CO, that
‘haq been purified angsolated on the vacuum line. Analysis was momﬁ\ed on
aV.G. ﬁh@g:;} mass spectromeler using a laborntory standard cahbrated
to PDB (Peedee Belemnite) for urh,on. Values ‘are reported in ‘standard delta

notation' (5) ad the difference between the isotope ratios of the sample and a

s stn.ndartl

. 5130__{130/120) J (‘30/“(7) ] 1000
(8¢ /”Q)..d

: Tha method chosen in this study was based un a modified Dumas technique
mvolvmg the oxidation of organic materml by copper oxide (Macko .1981).

Procedures geneuﬂy used mcorpomte combusuon (Hoefs, 1980), these include; l)

combustion in a stream of oxygen (Stahl, 1978)‘ and 2) by ap oxidizing agent such




. anorani - M,
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Figure 3-8 Sketchi of the manifold used for the
2 seplnhon of gases used in TOC and
isotope snalysu .

fo- et al,, _1979; Macko, 1981).

3

as copper oxide (Silverman, 1963; Gr'

Temperatures range from 500°C (Sofer, 1984) to 1000°C {Stahl) 1078), and time,

‘of combusuon from 1 hour:(Macko, 1981] to 2 hours’ ((-rmle et nl' 1970]

Sumples from ﬂus study were combusted at 850°C for one lmur vnth a slow,
5 - 7l
. cooling program.
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Analysls of the liquid chromnt.ogmphy fractions ‘proved dxmcnlt as ssmplu

were occhlonslly extremely small. aned on concentration vnluu, a volumel)l‘ the

" sample. "This was dropped slowly over 4 gm of copper oxld& at 40°C to allow

evnporatmn The coated: oxide was Ioaded into. 6 mm ID quartz tubes with 2 gm

collected. ' . s . - o L

Reproducsblh&y \An; errors were cnlculnf/ed using dupthe trial samples n.nd
copper metal or clenn filters processed in the same manner as the samples A suit

from the Albert Formation in New Brunswick indicate an average error‘ol

+3.5%.

3.8. Nxtrogen Isotope Ann!yalu e c

* source rock evaluation ‘studies (Hoenng and Moore, 1958\ Grizzle et al., 1979;

the torm of gaseous N, relative to stmospherié nitrogen (Hoelm 1980) Only the

lucuon ,solvane' mixture was plpetted from each fraction vial to_yield 5 mg ot &

" of copper, metal. The samples were thén evacuated, sealed, combusted and gases .

blsnks Blnnk snmplzs indicated .no noticeable contallunatlon l’mm ccpper oxxde, :

of duplxcpte samples of fractionated I-48 bulk crude oil and whole rock powdsr’

Limited pyflications are avsl]nble on the apphcmoﬁ of nitrogen 1sctopw (2
Hoefs, 1980; Macko and chk 1986) Ni xogen lsobope rahos are mess\lred in .,

_-nitrogen rich fractions (r-ms ‘and asphgltenes) and whole rock powders were

?

done’during CQ, jon. C itions are exp) d as the difference in thg:

. 15y/MN ratio between the sample and standsrd atmospheric nitrogen (Hoering
) ) N
and Moore, 1958). 0 4

. \f"analysed(tor 5N content. Meuurem nts. were done on o 90° , sector

(S V.GMi s 003E mass spectre er (Macko, 1981) Collection of N; gas was ,

)




N/“NI (‘5N/“N) xiooo ’
B (‘-5N/“N)M -

3.7. Gas Chromatography - Mass Spectrometry

S . N A
Saturate and-karomnic {rutions‘?{)lated by liquid chromatography were

analysed by capill‘a‘r? ga.:;- hro { by’ - mass sp (GC—MS-).
° Analysis of n-alkahes, acylie i i P énoids and selecled”“ \.\ was ed

usmg a Hewlett Packlard . 519200 coupled to*a Hewlett Packﬁ:d 59’70A mnss

selectwe detector Columnsrnormaﬂy used are at.least 25°m (Bjomy/et al, 1081,

N, $ ) ' Tanne baum et al., 1986). Ixuectlon temperntura range from 30°C (Lewnn snd

* ' Williams; 1987) to 100°C. (Palmer, 1984; Zumberge, 1987) ng’rnmmed rata n‘e
most commonly recorded axmu.\d 4°/min. (McKirdy et al., 1083; Hlmmgn et al,
1987), with n hlgh of" 8°/mm (Palmer, 1984) .and a low of 2.5°/min. (Zumberge, o
1983). The f‘mal ternperature never gxce!d:d 3{!0°C (Lewan and Wlllums, 1087)

with the average being 280°C.

-

éeparutions were 'perf;)rmed for this stﬁdy on a methyl siﬁcon’:@?& 1)
fused silica caplllnry column (lOm % 0.2mm) injected in the aph‘: mode \mng

helium as the carrier gas and mm ic detection.” Oj il diti

. include: m)qchon port 280°C eol mn oven' held at initial tempemture of 10°C ?or
Smin., programmed 4°C/mm. Irotn 70°C to 270°C, snd held 20min. at the.finak

temperature of 270°C. Evapoute} fractions were diluted in" 5041 of ‘hexane and 2

Syringes were rinsed at least 3:times betvleen ;
i

. sumpla; wmh clean hexanu, and itjection -port upuum wete e_hnnged urter 10

ul were m]ected !or emM ‘analysij

injections.



. 5 ”

Resolution o!’)pleil"c il;u and bi kers was improved by the
L of Select Ton Monitering (SIM) mode on the- GC-Ms, This pmceduxe lllovu !of the
repenbed scanning of 8 |pec|5c ion ‘within s alloud period of time selected’by the

user. The improved resolution in tha mode -.llowl more detailed _atudm of ".he‘

rehtl‘u bundal and distri "ofsalected‘ k Biomarkers were
yrogummed for 10 min. hold at l( 'C/min. to 210°C, 1. s"C/mm to 325"‘0

ll) min. ‘hold at 325°C, with injector (empeutlu-e 8t 215"0 S[M dwell time was

100 ‘msec/ion. A tic, and d ch - were run'in the SCAN ,. :

mode of the GC—MS ‘which allows collectlon of l“ ions.
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.,, " Results and I.)viscussion‘ -

4 1. Bulk Chemiul Compouitlons - Ja ) - LR
i

a1 mc and Bitnmen Compoal'.lon ) # a ) A

T}l;_v observed range for TOC values was 0.1 to 4.3 %“(Table 4-1) with the,

'richest samples occurring in Green Point, '\,Nestern. Brook Pond and Broom Point.

Gehmnq (1962) suggew.ed that earbonate-rich rocks may be a more ' effective oil

y0 v 't sburce ag lower FOC contents thnn shales, sil d - mud: At

®

ol‘ 0. 3 wt % TOC l‘or cnrbonates, and" 0 5 wt % for shnles has been suggested,

it . p (Hunt 1967; Tusot and Welte, 1084), thh an average >l 5% TOC for good(-

quamy source rq'cks All samples with the exception of three from St. Paul's Inlet«

‘are- above 0.5 wt % (Tnble 41). The St. Paul's samples below 0.5 wt % TOC

~ contain an hl;h percent of carb (>85%).,

.T0C are-observed to decresse with age and locmon o{ the sample in-

relation to the original deposltmnal environment. Samples lhlt are Txemndocmn

. ' in age have a larger percent of extractable material and higher TOC thén the
. ~ . {younger Ax;enig s;mues. This éou!d be interl:-:;etedas 8 r;spon;e to the i_nitiaﬁon‘

‘of the Taconic Orogeny and eventual closing of the: ancient Tapetus Ocean. The

bsequent d ion of the conti I margin would create 5n enclosdd basin




setting that would enhance p:eservatiz? f org&nic mattér thr;m\gh limited ocean

circulation. Geogmphlcslly, the snmp show 4o increase- in;hydrucar,bon yield

from the nesishore to offshore, This indicates| greater preservation of orgaaic

matter in deeper contin?l( margin ietlimqnw, and ‘is perhaps a result of - ,?

increased organic preserga ion in fine sediment (Demaison and Moore, 10’80]4 —

The percent TOC increases inversely in relshon to the perceut of cub\)nste

(anure 4-1a). C ionis of <12 wt % carb ponds to >2 wt %
TOC; >27 Wt % cubame aceurs where TOG is <2 vt %. This relationship is *
observed in hydrocarbon (HC)" mld extnet ylelds (Jones, 1084). An increase in HC
or extract/g orgnmc carbon shows air mverse correlation to TOC (Jones, 1984)
(Figures 4-1b and 4-10) Those snmpla with TOC >1.5% and high HG ylelds are
generally consldered to be mature. Caxbomte tich samples do not cuntmn 8’

‘ higher percmﬂ of HC or extract as camp‘f.red to those depleted in carbonate
(Johes, 1084).Samples from St. Pauls lnletxwhich have an anomalously high HC
and extract y|elds have light carbon mtope values (Figures 4-1b-and 4-lc], asa
result of staining. o

. - ' . " .
~ A ratio of HC yield tor total extract yield (Table .4-}) of npproximstel): 50
indicate‘s low to mmoderate maturity and values of 40 indicate immnturi\ty

. (Snowden, 1084). Most samples are immatufe based on eﬁn ratio with the -
exception '}‘J’l‘ PP4.and PP8 from Parsons Pond, CH8 ‘an Cﬁll from Cow Head,
SP12 fro;n SQ.'Pm;l's Inlet, BP18 fro; Broom Point and WB20 from Wn‘zstem‘:

Brook Pond. These samples are low to moderately matu e and are found within

. the Green Pomt Folmnhcn Suvers.l snmples which had extremely low total
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*' Flgure 4-1i a: carbonate % versus\TOC

b: extract yield verses TOC
¢ HC yield verses TOC. -




extracts and -non recordnble levels of HC (Tnble 4-1) can_ be

overmature.

CONTINENTAL 3 TOTAL 'l'ﬂl'Al. HC
LOCATION UNIT CaCO, TOC um YXE EXTRACT
/3¢ m/G o g sad.asls sed.

: 1.1 48 % Q.5 0.1 .20
% ] 9.7, ‘29 a (31 03 2
& 2:2° 32 14 0.7 0.3 .43
] 317 ae 17 0.2 ‘12
P 0.6 100 50 -'0.6 _ 0.3 50 .-
08 .- - = R
\ 1.7 100 71 1.7 1.2 N
10 90 ol 00 9
! 2.1 162 8 3.5 1.2 38
. 10 180 130 18 13- 7
. 2.3 13 61 L2.6 1.4 5t
01 500 100 ols 0l1 20
0.4 275 ;100 11 0.1 36
7 B . 42 0.5 129 2 ols il 17
Sple s 95.6 0.1 900 160 o3 0l 1
| BerEe 170 1.9 16 26 2.2 0.5 2
Fool. BPISBP 182 4.3 SO 26 2.5, 11 4
; - » WBIS 5P 21.) 2.6 62 19 L6 0.5 31
wB20 S¥ 8.6 1.8 61 33 11 0l6 55
- Mp2LsR 149 0.9 156 22 L4~ 0.2 W
. - MP22 SP 16.4 2.1 1 29 0.2 0.5 23
- MR B 7.3 0.6 433 1o 2l (IS
3 .| e we 2 °1.5 253 137, .8 0.2 . 5
. N GPISBP 25,5 2.6 38 ] 1o 0.2 20
g 1 2680 8.5 2.4° 88 25 v+ 21 0.5 2
GP27 B2 91 2.8 50 ' - 0.4 5 =
GR8 P 330 1.9 21 H 0.4 0.1
- ] LC29 6P 19.8 1.0 0 2. 00 0.0
Pk s - TC.CP 153 0.5 20 2 0.1 0.0
LG GP 44,5 0.6 - 83 . 3 o5 0.0
3| zcss 164 2.0 o 2 0o 0.0
B s 15 0.9 144 22 Le 0 0.2 lu
. 8} THiTag 1207 1.1 9 2 0y ()

Table 4-1: Absolute values of TOC, extract
. . .~ and hydrocarbon yields. *:* indicates below
&  limit of detection.

considered as
These include three Lobster Cove samples (LCZB 30 and .32),
suggested to be part of a thermally Altered _ﬂaundering xqelnnge block (James and:
Stevens, 1986), and Pai‘sons Pond 8 (PP?), Martin .Po_int. 22_(MP22) and Table

‘Head (TH37), possibly asSocintgd with secondary tectonism (thrust faults).




N Bam es, 1987b)

i Group shales’ (see Sections 4.2 - 4.5). ! o -

immaturity and low maturity (Powel.l, 1078) anr sa.mplu from St! anl'u lnlet

(SP12, SP13 SP14 and SPIB), ‘two from Cow Hewd (CHB and CHll) and one
e»ch from Pamns Pond (PPB) and Green Point (GP27) ]:nve a high yi

P 4—1) Extremely low to 10 amounta of HC yAeld in “the bobster Cove \sﬂmple;
5 (LC29 L032) and Table Head (TH37) were \!xpected a5 8 result of lugh f*vels of®

X
. thermal Alteratlon. observed in. CAI and ﬂuorucence (Hoxun, ma, Nowlspaand

4.1.2. Petroleum Potential :
. - . # W P
Maturation and HC-p6tential in source rocks hm'u been- evaluated bubd on

‘relative mrrelnt\ons “of bltumen cumposmons to TOC and sediment volume '

” (0udin, 1070; Hunt 076; Powll ef sl, 1084-“Tisot and Weite, 1084).

lextanons may exist fr caleulations bued on bitunen and ‘TOC content; for

example shales with xmgmced hydroca:buns will plot- as ‘excellent 'source rocks.

Isotopic and - biomarker dg!a indlcate no migration has elfected the "Cow Head

s B
Oudi;J (1976) evalusted a suite of oil shales using a relation of-total extract
(mg/g sediment) and TOC. Shales with an extract yield >200 mg/g TOC are
considered contaminated; snd " those <50 mg/g TOC, deirital or Type I organic

material, The fair to excellént range for potential source rocks is between 50 and"

206:mg/s TOC (Oudin, 1976). o / }




.“

.

‘When npplymg tlns relshonshxp to the present; the bulk of the smples lie”

E \mm the fair to excellent region proposed by Oudin (1976), (Figure 42). Those

'below the Mcepted bounqsry of 50 mg/g TOC mclude metdmorphosed smples
“~ - from Lobsber Cove (L020 Lc32) and Black Cove (TH37). Samples classified as

good to-very gond source rocks dnclude Cow Head, Broom Point and Western

&%
Brook Pond shslee and 4 Green Pomt (GP24 GP25 "GP27 and GPZS) R N

-
E o
o
§
H .
£
H G Parsons Pond
Ye =)
2 =80 Pavts intet ]
13 Poim
S &  Westom Brook Pond

- . . TOC wt % xSeep Ol
atter Oudin, 1978

.Flgure 4-2: Evaluation of source rock potential
< using total organic and extract values.

A ' A limitation ofthis type of annlysxs is no distinction for those nmples that A

hnve a high HC content. These types of shales can be clxsslfned equa]ly with

onhyd bons (NHC: asphal md resing) enriched bxtumens that will not v
be yotenmlly as effective a sotirce far expelled oil (%dm, 1976).
[
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@ Potenml and maturation for lonrce shales em bo aulu-hd by
comparison of HC yuld (mg/g TOC) w % HC in mruuble lnﬁ;men (Powell,
'1018) The polar axis nynunu the Hc yxe!d and the angle ¢ the pereent of HC in

5 - . bitumen (Figure 4-3). Unng this nhtmnalup bltumeu can be elmﬁed as lollbwm
A: Immature *
B h},rguully Mature
B1: Dry Gas
B2: Gas/Heavy OI.l P
- C: Mature < yie
N N Cl: Gas F
e .. —— C2Gas condensate, mmor 6il source - ol g -r’
5 C3: Intermediate oils [50 - 80 HClyield] + - ) )
C4: Prolific oil source (80 -160 HCyield _ ; :
C5: Contaminated [>160 Hled] "</L
D Overmature - ~ .
- D1: Light oil and gas .
.- D2: Gas condensate, minor oil source -

~
- D3: Gas condensate, wet gas
D4: Dryl gas
Cow Head Group bi range from i “to ture (Figure

4-3). Approximately half of the umplé are immature, with most being marginally

mature. Five mature nmpl‘a_‘a're potentially oil producing, however most will

- f . produce gas. None of the samples exceed th._e contamination -limit of >180 HC
: yield (Poweil.’ 1078). Samples which-are-immature in outcrop, may be considered
a source rock at & higher mnqm; with depth.

. .

e z Limitations of Powell's relati ip are a result of no corrélation to TOC,

“and for the Cow Hend‘ahllu, by the small smﬁplex size which increases the error

in etermmutmn-\ot % HC/g TOC Samples from . the Cow Head Group hnve

' slr ady been * t d as inally ‘mature to imm (Hogsn, 1980,




- P -
5+ Milcauley et al, 1087; Nowla snd Barnes, 1087b); and uqn;ng to Powell (1078)

3 are limited to having poor petroleum source potential.

—
Frs
3. 70 30 30 0 g
MYDROCARBON YIELD mg/g TOC
T R AIMMATURE
* Cow Hesd” 8 MARGINALLY. MATURE
52 Pauts Iniat G MATURL >
* Broom Poim 0 OVERMATURY
2 osem Brvot Pond S taxe tor m 4
v aiter Powan, 878
S Lober Cove
#Buck Cove 2
*Sam 01
Figure 4-3: ion and p
4 -, ,utilizing-a polar plot. .
> =P - 3
A final i jon was p “ﬁ‘l‘ s relationship proposed by Hunt
(1979). Total HC and TOC are d using a double logarithmic scale. An

uplp?r limit of 240 mg/g TOC for contamination is greater than the 160 P‘ropmed
by Powell (1978), and the lower limit of 70 mg/g TOC (Hunt, 1979) is nlso‘»hlgher
_ than the limit determined by Powell (1978). rine _range.from 70 and 240 is

arbitrarily divided into three }:nugoriea, includi :‘fnir,'pod and excellent, based

on frequency contours (Leenheer, 1984).




Cow Head Group lhlleu are hh' to excellent “source rocks and he thhin tha
range of good potential source slulel (Figure 4-4) Excepuons are the
matamarphoud umplu from Lobster Cove shales (LC29 - LC33), and one sample
each from Parsons Pond (PPS6), Cow Head (CH9)-and Green Péint (GP24),

(assumed to be more immature). None of the samples exceed the ﬁppe{'ionndlq ’

of 240 mg/g TOC. Using this scheme, samplés with high

1 in the nrbm-uy dmnom proposed as limiting nnges for fair to excellent source

¥ rocks and no proposed Iower ‘boundary: / Y
\ P

& = s B 5 A
A summary of source assessment indicates low to early stage maturity for
most of the Cow Head Group shales and the HC potential is fair to excellent.

Major excep’t‘iuns are those shales from Lobster Cove, which are of poor ;aet‘roleum

potential, -and th lly altered or metar hosed.-
B

4 1.3. Frutlon Anlly'll o N

In a fraction unlysu it is common for extnch Irom the source to contain _

. more of the less palu- saturated HC—('I‘lsot and Pelet. 1971).- .Misrmon fmm the

when d to

source to ‘the reservoir alters the smposition- of

extractable bxtumenu, as a ruult nl retention by ndnorptlou lnd solnblhty of the

heavier petrolenm fractions [Pelat et al, 1086; Tissot and Welte 1984). Extracted

L
when compa.l'ed to the seep oils (Table 4:2). Cow Head extracts conhln an

average ct 37% NHC in conzrut to 8% from the seep oils; ‘an increase ol‘ 20%.
The amount of saturate from the oil to the lource decreases from 74% to 40%,

, PR

of NHC

will be interpreted as poor source rocks. Major limitations, for this association, are -

s from western Newfoundland show an increase in NHG- rchhve to HC-




HYDROCARBON _\,,,, sediment (ppm)

Ammature

barren . -
__after Lesnhasr, 1984

o DO 50 0.0
TOC TN .

fléﬁu 4-4: ‘I"etrolé{ln/),pofentinl based on -

smulsr to a study of average bxtumen and oil compositions done by Tissot and”

double logarithmic scales.

Pelet (1971) (Figure 4-5). In general source rocks are ennched in NHC as

compared to reservoir oils (Hunc, 1979), althoughthis can vary with extrnctmn

solvent (Ferguson, 1962).

Relative proportions of the individual fractions can be an indicator of

o




- - Table 4-2:_Relative portions of individusl S
. . e petfoleum fractions calculated 0 100%. .

3 original composition, maturity md/or hi_odepndncion. Sntuuud- HC are ;mully
“more lbnndnn‘t than NHC and aromatics (>60%), except that thou pet‘rulenm
" producu are blodegmled with- <25% saturates (Tissot and Welte, 1984). NHC

p.re usually <40% of norm;l -oils, but ‘can range Irom 25 to no% in altered,

.
idized or degraded hyd: b (Tissot and Welte, 1084). - Aromatics are




% 3 P T -
COMPARISON OF GROSS CHEMCAL COMPOSITIONS
OF,?!A‘LE AND SAND BITUMENS TO CRUDE OILS

-after Tissoe .
and Polet, 1971

This study

RESINS mo Asnuu.n '

Tlgm 4-5: - Pie dmgnms _showing fraction ’
complrmns between hxmmens and oils. = &

lDB7= 'l‘iuot and Welte, 1084). Slmples in this smdy are depleted.in nromauc HC,
pwxbly g8 ruull of limited input of uomnuc compounds into Ordovician
'sedlmenu (Conmn et nl 1958 Hoffmann et al., 1087), or lower concentrauons of

g ) 5mth=‘ itional eavil (C. Walten,Pers.com)

Oils thh a high content ol n-uue mooua, have low speclrc gravities and
are common in North Ameucm P-leozou dils. (Tnct aind Welte, m)

v
» .

Parsons Pond oil hll' wnlnn the range of mrmal crude oils, contumng a

very low percent of asphalt <8% 74% saturates and sbproxlmstely "18%

Total bitumen iti by relative concentrations is determnined on ~

4 ternary diagram, by grouping resins and asphaltenes together as NHC. Tissot [

g ! -
© and Welte (1084) have delineated a zone of *normal crude oils* based on




Ll‘xeqnem;y contours lor nG;, Co' Hud Gmllp blhlmeu fall oumde th s
range for nonml cnlda oils (que 418) Mou u)nf)]u Tie betveen the nlunle
and NHC‘ endpomu “and are depleted in uomm HC (Flgure 4—6) Cow Hud R
ssmples mth >60% asphalt mbrm are aurmatun. Thue include tlu'ee. q 82 ‘
« metamorphosed umyla from. Lobster ‘Coye (LCQD Lec3t md LCaZ), one !rom U
.

Black Cove (‘l'l{s'l) md » tontaminated nmple lmm Cow Head (CH9).

SATURATED
- 4 HYDROCARBONS .. AL '.':::.".'u‘.‘.'.'i.
N E - o e 1

Figure 4-6: Temltry duxmn ahowmg normal crude”
o oil proportions and superimposed sample vdus
W § (after Tissot and Welte, IOM)

5 . o



mterpretnhon nt»ongmnl blogenlc material. .
% W

) nCls_ s from ion and

4.2. Saturated HC - ° I LT e

d HC ises normal and “branched alkanes (paraffins) snd

cyeloalkanes (nwhpua) anid-are the most impertant constituent in normal oils.

.- Geochemical  bi k fmmdm 3 such as steranes and triterpanes are

rehuvely inert molecnlu, and are httle affected by chemlenl lltentlon, n-alkanes

2 u’e very suble md unaffécted dnnng catagenesis (Tnsgt snd w:lu, 1084). It is

this- ‘uerv:tmn of bwmukera or '(omls' zlm can in con-w:\on and -

4. 2 1. Dlstrlbutlon of n-llkme- ¥

The du'.pbunon and presence of specific n-aihnea reflects. the chemical

. nature of the bu)geme material preserved during deposmon N—alk:nu from

¥ specxﬁc geologwu.l penodu cnnmn a variety of chnnctemuc compositions s (Reed et

al., 1086) Tlm st\ldy compu-u the Cow Hnd GNX shsla and ‘associated olls

wl!h orglmc facies distinctive'of the Ordovician and eakly Plleowlc.

: D 8

All smp)u lnve similar dutnbuhon cnrvu decreasmg lmm nC‘S, (l of

nC,; (Appendix A). Abund

were I Aﬁzed to the total nmount,o[ D Thae normalized ditrih;ntion s

pluems can bc compared plphlc-.lly (P‘lgun 4-7) All' samples’ have slmlln‘

PR curves,‘ .!' 4 <ol

P eomlc, mn.rine sourced hydrocnbmu (Tissot, and. Welte, 1084) Non-mmnc

from nCm to nCw common for J

(wnxy} Ils are most: lb ndant_above nC,,. Marine: (no -wuy) oils are ore

\bundnn below hCm and decrease nu‘aho lc’lly a8 ‘moletular weight i ineré) es ’

" (Sofer, 1 ! ). - Slight decreases | ln e cuive are noted at ana. nCm, nCu snd - )




°n025, with the bltumenu eontnmng a ulxghtly greater percent of lngher cln.med Sk

Yl L 'al.knnesas n d to the oil. Chat " i maxlmant nCl., lndncmwxﬂ:s

#s g oy n-ALKANE DISTRIBUTIONS ; = T

-~

NORMALIZED ALKANE PERCENT

AT . Figure 471 Normalized n-alkane distributions. ;o b




4.2.2. Chromltolupl
Saturate 828 ¢ chromn\ogmms generally consmt ofa senu of dmtmcuve peaks,
decremng regulnnly in spumg from lower moleculur wexght.s to” high ‘number s

ca.rbon chams, npresentmg mcre&smg n—alknnes Unevenly spaced peaks between

-n-alki a.nd an i

mass below are a combination of isoprenoids -
0 s s

ds of i 3 branched

zmd various other minor ssturnle and cyclic

‘, compounds Tlm unresolved complex mixture genenlly uvpears asa smgle hump

(Fowler and Douglas,\ 1984) wnh little notxcnble dwisxcn between high snd low'

csxbon numbers This *hump* rnngu l'rom approxlmnlely C 18 to C, 34 (Flguré\

Appendix A) ,pnly 5 o! the GC (PP1 BP18, GP25, GP26 and GP27) hsve a two s

(‘ hump profile which is cornmon of abundant.steranes and triterpanes and can be '

characteristic of ’I‘ype I organic mattér or low mmmly bitumens- (Tlsmt md

" Welte, 1084). A relunve abundance of 2G04 a!knnu is noted as a resilt of algnl
input (}ioﬂmann et al., 1087), This is in contmst toa normal mpxd.decrease o s
alkanes aftér nC,q observed in other Ordovician ml:q (Reed et al., 1986; Longman '.
and Palme:, 19‘87). Loss of “Cztu; l.nd removul ol;/l;-alkanes is generally

B 1nterpreted Bs b:odegndatxon (Ji-Yang et nl Ly 1982, Palmer, 1984), however, B
abundant n-alknnes in Ordovman oil beyond th may be a resnll of

b,

.in, L030 is & result of volatization.in nnture durmglow level diagenesis. Visual =N

bxodegrndstmn (M: Fowler, pers. coni) Loss of lower- carbon chains up’ to

{
,  inspection of all chromatograms shows a lnrly even buelme with the ekcept\on of

PP7, CH8; CH11, SP15, BPl7’}nd GP25 - GP27 (Appendix A). A ra)uchon in ; !

/

n-n]kn es/nher nC u not\ fmlnd in tHe study suite, with the except}on d{MPQl
md styong “peaks ne mnmmnad‘l\up to nC”. Ccmposltmls of the saturate ~ 1’




fncnona from Cow Hud extnct: are-found to be clou to tﬂ'ou o{the seep oil;

lnd useful as a correhuon plnmem (Williams, 1974; Powell etal, ms«)

. ', s
. 4
e
"“._ '/ Figure d;tx Gas chromatograms with enlargement- -~ . -

of the isoprenoid peaks.

a23.0ep/oP1 )

Thslrelmouhlp of odd n-alkanes to- even lemu (odd-even pxedvmlnlnce
OEP) can Dbe used to n?dlcn!e

Smith, 'ﬂso'f'l‘iuot and Welte, 1984). . Values close to'1 nlch 5y those obuervecl{

|
in.the PArsons Pond seep oils, mdlcne peak oi;anermon for udlmantl of hiy hl

origigal OEP M low_matyrity, - Low original
-~ i /

source and envil (Scalan and =~

EP does not indicate a.speci \




28 i s
i R R / .

“maturity. (Scalan and Smith, 1969). A visual inspection of OEP curves from the

. bitumeqi and seep oils shows a v/sriety of results (Figure 4—§) Cuives from the

P various bltumen extracts exlnblt a range around unity. Martin Pomt extract: have

rehhvefy high OEP snd Broom Point -extracts become low aﬂer nCyps. The )

curves most similar to the 0!]5 are from St. Paul's Inlet, Cow Head and Green ,
" Point (28, 27 and 28), with minima, nt nC2l and nG,, ind maxima at nCm, nC26 :

and nCyy (Flgure 4-9). Ma.xmm Around | 0Cy, g aTE observed in all but one sample .

.. PP3, ‘v_vlnch was extremely low in n~alksne concentrations (Fxg\lre 49). o
-~ - " ! N s T

Ch istics common in Ordovician normal

mclude strong odd dommance in nGy to nCm molecular welght range, with 2 N
- significantly reduced n—nlka.nes abuve nC,, and no OEP at high mcleculnr weights T s
- (Powell.et aL 1984; Reed et al., 1986; Hoffmann et al, 1987; Macauley et al.,

’ 1987). Thls hns been suggested as a function of original ox;smc‘mmer as opposed

to maturity (Msrtm et al, 1083).. The origin ofa dominance between nC,; and

nCyy is suggestg& ‘to be linked to input from fossil algae re{e}red w‘u”‘,
Glnel;capamm anessky 1017 (Hoffmann et al,, 1987). Odd dominnnce

from 11(7ls to nCm is common in esrly Paleozoic o|l.s and attributed to orgnmc
LY

matter with hlgh input lrom phywplankton and benthic algue rich Jin u:ycllc

i oyrenmds (Tmot and Welte, 1984) 0dd-domi ne nGy, is

& assomted thh lnput from teprestrial pInnts and is absent in these samples Ew-n X
predommance is common in $trongly snoxic conditions with depotition o( varicus

' hthologlw (Connln et al, 1980) The Cow Hend Samples exhnbn some Ieatures B

mocmted wnth the G. Prisca (u.'les but not nll This mdlca.e: ﬂ,he cond\hons | \ =
) 1
. nssomted with' G. Prisca are.not globn]ly chlrn&tenstlc of all Ordo cmx oils, | i



8 4 5 [ o« g

A-ALKANE NUMBER——

" olseons

0] | ae . 80y

Flgnre 40 Odd-even prédommance
i . distribution curves.

T Computation of carbon préference mdex (Cﬁ) which is centered at C”Hw b
.

n-alkanes ‘is based on welgln peroent of odd 1to’ even moleculee A vimlal

cum}‘lison :nch a3 OEP curves is s) hjecm'e nnd slmllanﬁu l‘rom one putt of 8 3 oL



curve can be difficult to compare. For this reason a report of the act"nnl running
ratio (OEPTImy be more effective (Scalan and Smith, 1969). CPI <1 indicate an ¢ -

» even donilmnee with ulns <lL8 being rare and mdlcmng m-wml from

carbunlu/cuponu deposits (Tissot and Welte, 1978). CPI ~~ 1 are generally
v

_mature (Hoffmann et al., 1987) CPI >1.2 (odd-domingnce) indicates in

CPI >2.5, continental input (Tissot and Welte, 1084). Probable so\uce rocks :‘ 4
generally have a CPI <1.2 (Hnnt, 1079).  Extracts md il froii western < -
Newfoundland-are close, to one (Table 4—3) Those umpla thll llave a greater

. percent of high chain n-.lkam (C) tend to have low CPI, wheieas those that

generally’ decrease around nC have hlgh CPI This indicates i odd cnrbon

in lower n-alk und even d ‘where Ingher molecular weight
|

molecules are préent. CPI were calculted based on the following two proposed /

for ison of any variations in results. No significant differences "
were observed ~ .
) Phdllppl (1906) . B 5 .
: . \ -
.2 ¢ 2C,5 "
!i . . ~
: 28%C30 % 5

*Bray and Evans (1961)

[0
1'[Cg7C;44Cqy 581":3!’051]
2 [:ae o aa’o * 26%C30%C32
. 1 :
CII‘bOlI preference ﬁax can be correlated with average OEP (nCy 43)

. (Flguu 410) (Sempd ?mth IBW) Samples below the line ol equivalence on 7

" Figure 4-10 ue immature’on prevluns HC potenml graphs (see Section 4. 1 l) and ., . P

include one Anmpla enh from Pmons Pond (PP8), Cow Hend (CHu), Green
A po\nz (GP26) and Mmid‘hm Mpez) w Sy \




p unte  cer cpx
N N Nunber Bray and Evans Phillippi

- ep2 .98 1.00
4 Pp4 ER TR 1)
. ees 138 176 -
E g 0l9s .91
Ly = CcHB 0.95 '+ 1.06
+ cH1o Lo L0786 X
: e 100 0.96
. 3 e : | sP12 1.0 0.93
sp14 1o 195
+ sels, 1.00 EXT : g
- Be17- 7 L i.01 :
i P18 . 057
i : - wB20 2 0.99
. up21 0.99 117 5
P23 154 106
= ap24 “0.99 0.96
- Gp25 101 100
6226 103 100
cra7 - 0.9 0.86
te shpil 1.08 © 1.0
o PRpIL. 0.9 076 - —
e 8
\ | . ss W * = no values above nC3y

s W
Table 4-3: Carbon Preference Index, (after.
Bray and Evans, 1061 and Philippi, 1085). -

b
4. lapprennld! ) . ) :
/ ~

An lsoprenmd ori-alkane is a caraon-chmn usually with every l’onrth carbon i

atom methyl bn.nched (Nenmnnn et nl 79): The most common md useful
s isoprenoids “are vrlstune (PI19) “and phytn.pe ’(Plﬁo), that sppe\r on

chromatogrnmx in relation to nCl., and “om (Figure 4-8, Appendix A), Tlle rat

(_ﬂ\ ' of |sopreno|d to either n-nlknnk or lsoprenold can be an indicator of maturity”

eud/or deposlhonnl envitonment. Pmtnne/phyhne can be used as an indi ator
for the dagrea o anoxity md salinity but dlﬂerent precursors w;ll glva dll‘l’erent

therefore they should be used with cmtxon, (ten Hsven et nl, 1985) An



Tor Pl
CARBON PREFERENCE INDEX M)
after Soatan and Smith, 1900 -~ .

Figure 4-10: Relationship between Carbon Preference’ <
- Index and Odd-Even Predominance.

R

generated from énrbonate/evspora'te iethus in the early to mid maturation
5 - s .

‘stage under, exi‘remely reducing conditions (Tissot and Welte, 1984). Conventional

HC generally have & Pr/Ph ratio of 1.3 to L5, sl low lsoprenold/n-llknne ratios
(Pcwell et al, 1984) Cow Head Group extracta hsve Fh/C“ rat}os of
\npproxlmnfele' 03 at modernt.e mnt&mly, vn.rymg‘l'rom 0.23 to 0447. Pr/Ph ratios
Irom Cow Head Group samples \;;ry.‘between 1.1 and 5.7 and are compnrnBle to
work carried out on Cow Head Group samples by Mnluley et al,, (1987; 1.5 to

2 9) Results >1 7 may indi¢ate thnt the orglmc mntter was okidized to a great

extent dunng ‘and deposition (Snowd, 1984), and vnlues <0.75

mny indicate extreme rsdu ing conditions (Coimim et.al, 1986) Pr/Ph l'or the L




dyn,nerobm conditions may have existed, With the excephon of PPB, WBIO md

+ WB20, MP21 and GP24 Thue samples mny be nffected by maturity. Tha oil i s’

also of blg& mslunty and Pr/Ph n(‘emgee 2.04. Pr/ph mtlos of the rmervou oil is
similar™to the - mesn of extracts from the Green Point Formation wlnch aven;m

1.84. Pr/Q" range from 0. 22 t0.0.86 and cover a narrower- range when combncd

51 study by Macailley et al (1087;
‘PI‘/C“ mdlcate bmdeg'nduhon or evnpornhve loss (Pllmerj,lﬂh] Pr/C" for the
oils average 0.46, most sumlnr to bhe Green Point (0.41). l’h/C,a of olls AVenge a

low of 0.23, near)y equal to the mean of 0.20 for Green Point ‘and’ Mnmn P.om

. extracts (Table 4-4). Assessment of the previous ratios on the basis of formation

indicates that the Green Point Formation in the Cow Head Group has the nearest.

affinity to the seep oils.

.
The classification ‘of bitumens can be il d by ing Pr/Ph to

1G4 Wlth 4 few exceptions (PP4, PPD, CH10 and CHll), the sample suite N

correlates wnh the Csmbr(rOrdﬂvchm wmdow proposed by Powell et a\ (1984)
(Figure 4-11). Concentrahans of pristane and phyune are relntwelyi_ow in

Ordovician oils assoclated thb the G. prisca hcm and may be a result of

overwhelming n-alkanes that swamp the m})renold sxgnnulre 1Reed et al., 1086;

Hoffmann, et al., 1987; Longman and Pnlmer, \1087). Cow Head Group ahalu nnd

'olls have slgmﬁcant abundnnces of pristane aad phym\e (Flg\lre 48, Appendlx .

A), not dommated by the G pnsen orgnmsm . - -

33 to 1.9) (Table 4-4). High values of’
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.
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0.t® 0.2t
bt 0.1
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Table 4-4: Isoprenoid ratios. b

4.2.5. Specific lan-

\ The distributi uhpeclﬁc ke ds in ! source rocks

and oils can give mslghts into.” deposntmnnl envxronmenu (McKirdy et al., 1983;- .

Con\mn et al., lﬁﬂh), source rock correlnhon (McKlrdy et al;, 1983, Fowler and

Brooks, 1987), mntnrmon ﬂl-‘{lng et al., 1982; Connan et al,, msa), and ongmul

arglmc mltend (Reed et Il.. mo Hnmmnn et lL 1987). B)omnkeru, snch as

5 i




, : Flm;re 4-11: Pristane/phytane (Pr/Ph) versus
o thenC,q OEP value..

steranes and hopanes altel_' only slightly with transformation ftom source to

associated oil ‘and are therefore useful in these types of interpretations (Tissot and

. Welte, 1984).

Data for biomarker assessment were collected by selective ion monitofiny,
*(SIM) at” m/z 191 (terpanes) and 211 N8 and 231 (steranes). Ratios were

calculated from peak helghu of the apprpprmte peak chosen bued on relnwe

fetention hmes determined by previous authors (McKirdy et nl l083 Connan et

al., 1986; Longman and Palmer, 1987; C. Wllters,\’ers Com.).
4.2, 5 l. Hopanes E : k/

i Terpa.nes are derived- fmm lipids of algae and bamem, nnd weke selechvely

\_’analysed for dlstnbutwns of hopane and trlcycllc terpane. Mnuranon und/ source

pammeters “are cnlcuhted ‘in Table 4-5, and bnsed on peaks selected lrom

ehmmnwgmms in Appendlx B and Figurei4-12. Deslgnmun for'peak labels are

- listed in Appendlx B. 2

&




Flgure 4-12: \stm tion of hopnnbs, m/z 191
Peak desngnmon in Appendix B:”

| Cow Head Shale exirgcu and seep oils contain a relnﬁvely high pbundance
; . : i pat

of terpanes i strong p tion with a it peak at Gy, in &

range from é to Cygi Cpg is secbndnry in domi This type of istribution is
common to Ordovician type hydrocubans [Hof!mann et nl 1987, Longmm nnd
Palmer, 1087). Distribution pnmrns mdmste similarities between o)ls nnd extnm!s
from the Green 'Pom n.nd Broom Point ‘lomtlons ‘within the Green Polnﬁ

Formation (Appendlx B F|g||re 4—12) .Occutrences of Cas, 18a tnsnorhopnne (Ts)

nnd gammacerana (G) are observed in the Cow Head shale exd‘ncts and xeep oils .




-

YO 5_,,) - .

w4 Reliable so\u'ce : ; s can be
hopnne (Czolcso) (McKery et al., 1083 Fowler and Brooks, 1987) Vahles of .
g/c wnthm 01 of the ml (?Pml = 0.98) include GP25 GP26 and SPlS from

-~ the Green Point Fm‘matwn Tm/Ts lrlsnorohopnnes dre useful as an mdxutdr ol‘
mntumy Ts is relatively rare or absent i in some Cow Head snmpl?a (GPZJ, Gst'
GP28, MP21. WB20) slmdar to other Ordovmnn shxles (Fowlgr md\Brooks,

N . 1987) MP?I mdxcntes omdahon or cnrhonste mﬂuence m the lori

2l

depositional envu-onmenv (Tm/Ts = 6.03 -Pr]Ph = 5 67) Senfert and M«)ld an

" (1978) nnd McKndy et-Al. (1083) suggest that as the valie,_ ol" Tm/Ts decreasas, .,
* mahmty mcreases Based .on Tm/’l‘s rmos, extrncts and ml from this study are

matnre with the excepuon of CHS, CHlo u.\d CH1Y whxch are Icw o unmnm-u
d ' > i " & ? & : i 4‘ / % ' # % .
The isomer Cm;a is less stable thai Cggap and decreue‘s a8 'mutm‘ity

increases (Senfert and Moldowpn, 1978 J;-stg, IDM) Can/’ y aﬂ ratlos nnge

. between 0.07 and 0.22, the oil bemg more mlture (Tnble 4—5); CMS/R mdlenes
mnturity as O,he Tett lsomsr (S) increases in relation to zhe nghi momer (H)
(McKlrdy et ul 1083). Thg ratios mdlcutd that the mls 176) ue dlgh y morq

1

mazure than the extrncts (Table 4—5) Relnuvs yalues ol R to 8 nerec‘ c mera« s

. mdlcste mntumy nc the mmemnnorl endpomt (0‘55 O.Q 060) f\Rntm
[ ' P S0
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Tnble 4—5: Hcpnne parameters.

GMS/S+R and CyS/S+R are at ethbrmm mdlca\mg Iocmon within the oil

window, (Ji-Yang®et aT.,-198>, Connan et al., 1986; \Hoffniann et al 1087)
“Cggaf/ ap+pa indicates maturity (~0.90) in all samples.\i i ’
" g

Ix‘rs of source mclude CR/CHJ C:“/Cn and CMaH/aﬁHn In this
study, all snmples mcludmg the oil have mnmmal concentrsuons ef Cggba (M:
Elgure 4-12). liarge 023/024 valnes >1.02 indicate prokaryotic mput (Table 4-5)\
(Connau eLal 1988) Low C:“/C20 (\<o 10) mdxcate :arhonste depositional
environments (Commn et al\ 1988). Mom positive. CM/C” in’ the Cow Heud‘

Group shales (>0.17) indicate shale origin (Table 4-5). o

Terpane indices show shaie sourced hydrocarbons deposited' in reducin;

conditions, althiough the influence of carbonate is evident in some of the samples,
L0 Eol




Proknryotxc orgnmsms are suggested as the ongmnl blogeylc source. Oils and;

extracts are ata maumty eqmvalent to the il window. Source correlahons bued

on dlstnbutmn patternn ana‘remwe rstlors indicate sxmlluntles between the . Green

Point Formation and the seep oils of Ofdovician character (Appendix B, Figure
f . o

45).

4.2.5.2, Steranes % % @

Sterbids keuknryutes) are widely distributed in\li(‘kg organisms’ and I;I;é et

derived partly from ammals ;}ld partly from. plants (Tissot nnd Welte, 1984). .
Relative nbundnnces of steranes and terpanes may vary Terpanes

originate m pnrt {rom plants however tﬁe mnm sources are proksryotxc orga;

(Tissot nnd Welte 1984). Calclllated mtxos are ba.sed on ion m/z 101 selected
isomer$ C,l., to (735 hopanes and ion m/z 217 selected isomers- Cy to Cog sceranes

A large percent of sterane (hopaie/sterane < l) .indicates *Type I* organic

matter. Where Ropanes are greater thnn'steranes preservauon is under anoxic

conditions (Connan et al., i986). Hopaie ggncentrutiom dominate over sterane for

the Cow Head Group shale extracts and seep mlx (hapane/stemne nverage

2.39,kTahle 4-8). Typlcally, steranes are absent (F\vler, 1984), or in low

net i in Ordovici type oils (Hoffr et al., 1987 Long'man and
'Palmer, 1987) This indicates prokaryotic.  origin nnder highiy redncmg condltlons
‘ (McKirdy et al., 1083; Reed et al. 1986). ~qu :?u}ol Iiopane/sterane §h0w43n \
influence of oxidizing depositional-environment§ or maturi‘ty (PPd‘, CH10 and \"
CHn)

=
[
S \ " ! ¥
Sterane distributions !Figure 413, Appendix C, peak designations in -
.
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attery snzun and Woldowan, 1978 31-Yang'
. 1 1587 ana

6; Foulor and Broo

al., 1982 Mexgrd,
. 1387, o tnanh

~ ; (o apthe, b bes . .
AT ) T ¥ Yoot .
o . : Table 4-8: Sterane-parameters.

f.])endix Q), are less uniform’ than terpane chromatograms 'and reflect -the
{diversity of -algal ini;ut in the original environment (McKirdy et al., 1983). The

steranes are characterized by a predominunce of Cyy (21-43%) Telative to C2s and

R ) 27 (Table 4-6). A terpnry plot of 027' Cog and C,“9 Cn steranes (Ji-Yang et al.

1982) reveals that the predominance of C pge can distinguish Ordnvmlan marifie "

shales from ‘younger marine oils (Figure 4-14). The study suite”(dashed window) is
\ . 2 y
very similar.to the Ordovician oil window proposed by Longman and Palmer

& E \(19@, and a general C” enrichment in Lower Palacozoic hydlocﬁrbonu as
reported by Moldowsn et al., (1985) The dominance of Cyo may be an mdlcumr E
£ ] of cyanobacteria or algne (Fowler and Douglas, 1084; Volkman et al. ‘1983), andis v
acceptable for Ordovician oils since thi{ time predates the x‘nhuive radiation of 5
‘Qascular’plants (Volkmnn__ee al.,, 1083). Lower Cyg concentrations.then those seen,
) L s .. : . :
Wi \ = X




Y

N cslc\llued using peak height). . ~Most. rstlos compare R (right) apd’ S (left)

" Vs
concentrations of rearranged sternnes ls\not unusually large (Vherboom et” nl

) mls (Fowler and Brooks, 1987 Hol‘fmnn et al, 1087) The dlﬂ‘erenee between

' stereoiSomers or aa and g steranes (Tables 4-8) The mmt rehable iind. cators o[

T ”_'.\S4

in the Cow Hend Group extracts and seep oils, are ¢ommon in enkaryotlc source.

High rati u[ C are iated w1th the- pruence of the loss).] 3lgme :

Gl pha prisca l" fms i et al., 1987).. Total drstnbut\ons show stxong

ccrrelations between the Green Point Formgption shale extrm:ts and Parsonstond

seep olls although the oils’ have more mnture distributions (Figure 4-13 ppgndlx

C) Normal starande o Jose bund lmn 7“7@ steranes i The“‘ S

1086 Longman and Palmer, 1087), andt cir dominancé is sommon in C dovician .

‘rearranged nnd norma) steranes may be 4 result. of mﬂuence ol‘ cnrbonate/nuoxlc

. \
d stiol o1 ekt as. clg;"c 1 Y prompl cnta]ym of steroid

\
prec\rrsors for rearranged steranes, (Mchrdy et al., 1983;. Connan et i 1986)

Maturation can be calculated from relatxve values of speemc stemnes Jram@’
.2

.mnhxmy are C,maa S/R and C”ﬂBS/CWuaS Eq\ulibrmm is re\whed ‘when .\v
_ /5/8+R = 0.50 or S=R; (Seifert and Moldbwan, 1978; Mchrdy o nl msa) The o
ulls and. sample from the ‘Green Point Formation at a more dxstal deposmonal

setting are more mature (Table 4-6). The nS/S+R ratio also nears .

isomnerization at 0.75 or uﬂ/aa > 1, (Ji Ynng et nl 1982 Connxn et pl 1085) .

The oils_are more mature (0:53) then the extracts which aversge 051 (Table 4-8). S '
An sbundance. of C,mﬂﬂR relative tp C”naR indicates hxgh mnt\mty for*the .

Parsons Pond seep -oils and low matunty for the eirtracts However, speclﬁc




“during e(axlly @iagenes (ten Haven et al., 1086).
% B

Wxth mzmmty, aa § stemnes are preferenmlly losb to M

P
\somenzlmon kmem: convetsmn (CA Walters, Pers Com ) The mtlo f ﬂ/ﬂﬁ+aa -

: (’l‘able 4-8). Renrranged stemnea (m/: 218) csn be used for* the mteryrétnhon of

maturation (Jl—}':tug etal, 1982) aa/ﬂﬁ l‘ar zhe onls is msture at, apprommutely
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lewlc
YIrlIlry Oils

*U

100% C27 4 | i 100% C26'
Flgln'el—l{.' Tefnary ;;lot of selected sterades. = ¢
: Solid ﬁelds after Longman and Palmer,
1087 D‘ashad field encloses study snmples
0.29. Caw Head .aid Parsons Pond’ slm]es are xmmal\lre (0.60-1.. 13), and the

Green Point, Westem "Brook and Martin Pomt localities are marginally mature

(0.31-0.47). . sRE S

ML T
Samples l‘rom the Cow Head Group ehnles have. les \than 10% methyl
steranes; (m/z 231), the oils hawe the highest nt 9%. Cao steﬁa es (m/z 414) were

detected i in all- samples with the exceptlon of CH4 (samples size was fnn low for, ,

detection), and indicates a marine mfluence that is not common, to' Cambnan and
|

older sediments (Moldowan _et al, 19&4, »Peters et al; 1985).

‘his lag hms beel’
interpreted as a result of the dlow evolution of Cyy sleroi-ds. ) " ’ (
B 5 i |

Stemnes mdlcale tha! the oil and shale extrncu afe msturi Mahln‘ty is low




in Cow Head und ‘Parsons Pond

% s l::l/d i g
% . Alluchclmn from the Shallow Buﬁp ation to the Green Point Formnl,mn The

anoxic condmons wjl some carhonate mﬂuenee The ongmnl lmxgemé muterm

,was prcbably verge prokaryot\c isms (¢yanobacteria/algae):
!

etween the seep ml: and Green Point Formahun s]nle extt ts g

;\;

\ e . Vo
Analys)s of satutated HC sllggests [:mz ex'mcts“n\lxd oils have all' been

denved from Early Paleozoid ) type oil. \l“

(Ga.mbr

distribution curves-rerlecc com‘)’n Paleozoid, n'mnne type HC (T\ssot nnd Wella,

1984) Odd predommance from nC“ to nCypy is commion in', Ordovxcmn oils
d N
(Powell et al 1984; Reed at al., 1986 Hoﬂmnnn et ul 1987). An abundunce of

hopanes reative to stersnes and a dommnnce of renrrnnged \nomﬁl steranes is

common to Ordovman oils sud proknryouc' mﬂnence (Reed 'bt al, 1086 ln{gman

and Palmer, 1987). This suggests.that the seep ml around\l’nrsnns Pond ns«Qot
\
din ora locul (‘ \tbonife

*related to ol’!shore Cr ’Termry basm,

T 5 but is in« fact derived from shale l'ound wnthm the Ordovwnn Cow Head Group,
‘a . OEP and CPI relatlonshlps mrhcnte similarities betwaen Green Pomt Formmnn
exmm and seep oils rangmg from early to mid mz'.unty wnlhm the zone of

potential source rucks (Scalan and Smlth 1989 Huntl\z::i Ilop\re:ond data‘
hﬂd\d to lnle

maturity with gued pezrolehm polentml Bltumen, specific ions and frncuon :

mdlcate 'Cnmbr&Ordovmmn type sednments (Powell—et al




maturity (Oudin, 197; Leenheer,

1984;‘E:qell_ et al., IQSA)W Maturity increases

agross [the Aljochithor #nd in the briginal depositiongl envirdnmenﬁ. tow. rds the. .

\ Long léauge Mounm. Due to the geologlcal semng, S0 Icng as the samples are
¢ 1
\ not overmatu| fe then {t is posslb]e lhat they may lie below the surface at hlgher

maturity, andjhave p temﬁnl as a'source rock. \ &
. s N

'Ju

S Go relnhon to 3 sdux‘ce rock using saturates an TOC eliminates a nymber _

o
patentml sourge. ‘Extrmtab‘g HC yleld in ohe Greel Pol t (GP2'I) ¥ two Cow -
|

““Head (C Sia:‘d CH 1). mél three St. Qaul's samples (SP1

; of! sa\mpl th t’hm}e too ITJ( a leyel of |Yré.!erved organie matter to coush ute a

s 1 Ak :
exceed 50mg/f orgnmc cnrhon (Table 4 l) and must be consx red:” as gool to

{source rm:ks (Powell 19\78 OEP curves, %’r Ph, ratios, n-

excellent
s 1 |
alkanes, hIan and steranes mdwate polenml sources tha@ mcl des ghales ﬁ’om"
|
* the Broom. Pm f Grben Pomt and Martm Point loc\atxons \,

\

Aromnt c Hydrocarbona ' " B

n .\, ~0 | .
The w6/6F m atic fractioid in ‘geochemical studies is'limited as utTmaﬁics

G N
. J \ N are extremely compl and'dil'licqlt to ch ize by
| : ;

\ (mdke and weue, msa) Chromatpgrams' of bitumen e Sonatatsv ot

E X AERY IS AL

’ . ynevenly spaced pe : ¢

. ) 'résting on a slight hy p' of uﬁreso{ved c&npounds (Figures 4-15,4-18). K‘\decren&e

in the relmve abundance of aro; atlc hydrocsrbons with, lncreasml number pl" ’

L e benzenwgs, nnli overlup ot methyl groups Is common io ‘oil ondl ract profiles
A (Radke et al., 1984). A sophlsucuted techmque of selected ion ;nonitori\xlg (S‘HV[}‘

provides more detailed profiles of specific compounds than conventional scanning
N . . e " K
3N




1 Y. GC-MS I ar were simil n: to saturate mllym Specxlm B
fons, (m/z) selected for this study ‘are bnsed on Pnlmer {(1984), Radke et nl (1984),

Phﬂp and dnlbert (1985) and Gonnan- et al (1986), and mcl’ude

178 - phenanthrene ®) L B s -—
" 102 - miethylphenanthrene (MP) o | ee e :
206 - dlmethylphennnthxene (DMP) » L
220 - tnmethylptennnthrene (TMP) L,

184 - dlbenzotluephene (DB’I‘h) v : ¢
198 - rpethyldlbenzuthmphene MDBTHh) - ;
212 - dlmethyldlbenzothlophene (DMDBTh)

' 226 - tnmethyld1bénzothxophene (TMDBTh)

2 »

Lo Low

o weathermg, common ;n oumop sunplw (Tissot nd Welte, 1984). Tnmethyl and

lar “Weight . nap! were undetet k“u o result of . -

tetmmethylnapthnlenes were observed i j/ with- thiopheni “ d

ihe Cow Head extrscts and oils. ' g \

4.3.1. Phenanthrenes ‘
hemi ,‘ ignifi for their use as thermal mnurntion
A 5

"_indicators. This 'mdex of maturunon' u*denved l‘rom relative dxstnbutlons of

1., 1082 Radke ¢t al, 1984 Tlsaot

Afomatics are

methyl and dlmeehyl phenanthrenes (Radke:

and Welte, 1984; Cognan’et al., 1\185) (Flgure .4vl§] Phennnthrene_l are ﬂmught e
to be genehcnlly related to stermds nnd\tmerpenoxds smd lthe parent ion is
compose{ of -3 benzene rings (Tissot and, Welte, “)84) The pattern o(tnlkyl

homologs (methyl _isomers) changes wnth ﬁxe lncrenmng degree_ of thermal
| maturation (Radke et al., 1082). lnterference from sulphur’ ennched compt‘)unds
f (thxophenes),}sn result in shghtly hlgher mntumtﬁn’ indices not corrected lor in 7
| this study, due to low sulph\lr wntents (or the oils nnd extracts (Flemming, WWL‘\)
- \




,‘_A’so

L Samples ‘are consxdered for” thls type of analysis when migrntion 1s absent (Radke.

“and Welte, 19'53] Shale.s from lhe Cow l}em‘l are \nmﬂ'ected by migrated oils with—

R\
R ‘the excepnon of St. Paul's eumples whlch both is i and chemically appear |

= to have bpen ;ffecled by associated seeps nnd are stain;du'

of pheunnthrene indices, The methylpbenmthrene mdlces (MPI\ MPI MPI and

MP/P) he based oh three or four’ isomers of methylphenmthrene and/or

phenanthrene (Tab ‘5.4—7), and dlmethylphennnthrene index (DFI) is calcnlntedv
from phenanthrene snd two grmlps of dlmetﬁylphenauthrene |somers (Radke ete

al,, 19_825 Confian et 4l., 1086) Precision !or DPIl is lower chm MPI due to its

" more difficult ion-on the g . ¢ g ‘
~

° Values for M]’l1 imging from 0.4.to 0.6 are immature, 0.8 to 0.9 moderately




~-study have a low to moderate maturity (0.42 - 0.91) with the exception of the . ( :

Y™ onrr wexi wery wer wb/e® opr' R maturiey
- pps 9.1 0.1 032 3l80 " 1,37%0.95 noderate
cHlo 0.4 0. 2118 10,68 low
! sP1F 042 0. b n 79 20 0.3 .
-BP18 0.83 0.90 2/09 ©0.75
' © 0.51 0.52 0.87,120 '0.42 0.71 low :
2 ::gg 0.52 0.49 0.77 1.30, 0.45 0.71 low
GP25 0.75 0.70. 0,92 3.73 - 0.92 0.85 woderate
GP28: 0,73 0.80, 0.90 Z.Fz 1.05 0.84%mgderate
% E 1.0 1.3¢ 1.06 2.5 - _ 1.06 high | -,
2 Seeil  I0IS 139, 1720.3:89 1.09 - 1109 hign
THIT 1.25 1.49° 1.51 3.38 W72 X.li high= L
1 - Ll.SU2-ME 4 EE s Z—HF # I-MP_+ 4-MP :
weLy p—ﬂmwﬁfﬁ" e HE . )
: ¥ i -p) _sz:t-nup -
' i .
i >
= lz-MP + 3-oMP) Re - 0.60(PT) + 0.40
i e+ o-wp) . 0.5 znprz 39 %
: : g % <
‘ ¥ - Radke ‘ot al. 1982 S
+ = Radke and ante. 1983 F]
£ @ = Connan et al., 1986 ~ \

N : * Table 4-7: Maturation jndicies based on %
. phenanthrene and rhethyl isomers. . 1.

Table Head and seep oil which are high to over maturé (> L.lo)\(’l‘hble' 7). As

maturity increases, 9-MP and 1-MP isomers d%creue in abundance relative-to-2-

‘MP and 3-MP isomers. Separuuon between 9 and 1-MP and 2 and 3-MP is limited

on the GC used, and the use of indices combining these homclog groups' are lhe

|
most desu-able (MPL,, MPIz, M‘P/P). MPI, is higher then MPI, and Ml"‘l3 d\g; to

domination of 2-MP over 3MP. MP/P (methylphenanthrene/phensnth

/ )

i
increases with maturity to >10. ' W

\A linear increase ‘l‘lp l.o‘llSS%, Iollowed by a_systematic Iinenr decrease
between MPI, and vitrinite reﬂectsnce dacu collected by Radke and Welte 11983]

has been used for the calculation of a i

wnh the

s




oil window (Figure 4-28)‘:That calculnléd parameter (eduat'ion below Table 4-7)
will’ herein be rererred to-as Re. Iri'egular va;-iatio.ns‘ in the Re have Seen
mterpreted to be eresult of infliences from speclﬁc organic facieg and dependan:
on Type I and Type I orgnmc maner (Radke et al, 1986) Isomers wnh lower
thermal stablimes (thiophenes) will*be more useful in Type )i} de\‘.ermmsnon at )
- early maturity (Radke et al, 1986). Extracts must also be indig'pno‘us to
' accurately repre;ént the source ka thermal history (Rlulke et al, 1082)
"Cnlculated matnrmes (Re) are low to modente far all the extracts with t.he'
R cxcepnon of the Table Head Group. Seep oll.s lie 1 neu the top o! thaoll wmd‘ow
:md are mature (-Rc £ 1.07)(Table £7).

15

10

JMETHYLPHENANTHRENE INDEX (

. N o X T 0 28
- ) MEAN VITRINITE REFLECTANCE, R(c)

Figure 4-16: Maturation based on MPI indicies,
broken line represents standard error, (after

Radke and Welte, 1083).

ZRN “ . '
Comparisons between carbon isotope values and -maturity parameters

indicated that there is a restriction on the distribution of thess factors in
4 5 o %

association with environment (Stahl, 1977). In relation to location and age, no

- . \‘ .

i




s v gt v 5
) .tr\;ﬁds -are observed in ‘ihe' Cow Head Group sgu;les " This tyl;e ofa ;tudy can Bu' o E
maxked by degndatmn mlg‘ratmn and ":mxmg (Fuex, 1977 Stnhl 1077) '.l‘hé
seep olls and Table-] Head extract sre of ‘the h)ghest ‘maturity md hnve the Iowes&

ca;bon Jsotope valua v(herens thoxgextncts with the highest uotoplc vnlu:s hnve :

l.he lu‘West mamncy (Flgure 4-17) Cén'elanun ol MPI to 6'%C m@s 3 pamyphc -
relnhonshlp (Figure 417) rau]\tmg from constsnt 5‘30 wnth lngher matllmy No
'_ ‘nalntmnshlp onbserved within the deposluonal envlmnment, but 2 trend to s, .

“higher -matunty is observed with age Samples thnt are younger (St Pnul's and

Martin Pomt) are Tess matjire. _‘ e = s _— /

e

4.3.2. Thiophenes " s v b Pl oy X .
~'An ethinabion of saturated hydrocarbons ig. ,somefimes not sufficient to 2

characzenze d:ffennt types of oils. Clude Olls become mcreasmg um:lur yvnh

mmlrntmn and the saturates pameulanly lose their chnmcter (Derod 1078, r)_

Pulmer, 1984) Typil'nl slgns o[ bxodegradnuon obnerved 'in sntun!éa‘ (loss of . 3
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. normal alkanes and isoprenoids) are not commdn in -aromatic hydrocarbons |

(Tissot and Welte, 1984). Aromatics have been used successfully to aid in
- -

correlation of mature and immature hydrocarbons, (Tissot et al., 1974; Deroo,

1976). Thiophenic compounds have a lower stability than(phenanthrell‘es and in

Type 1 organic matter are more useful for the, determination of maturity (Radke

et 41, 19886), espécially when catagenesis is strong or oils are ah’l (Dei-m, 1976).
" Relative distribution of dxbenzothlophenes (DBTh) and methyl wmnfrs.cun be

X uscd for correlation. Both the SPoil Mld PP larger nnresolvﬁd nromauc'

complex rmxture than the extracts (partmlly due to methlynnpthale\les), with a ¢

much lower percenl of hlgh molecular.weight methyl isomers (Deroo, 1976)

C ison of thioph distributions indicat '," ity in

bétween- Cow Head and Table Head extracts and seep olls and an overall richness

in thlophemc cbmpounds in the exlnct.s The strongest correlation is observed

) between BP18 and SPoil with similar chromnwgrnms from GP25 and GP28,

nltho‘y\gh these have lost more of, their lower molecular weight éomyopnds Eigure

417). >

.. Thiophenes are also useful for maturation, and may be more useful than
MPI for Type I orka’nic mz'mﬁ:n Rels'tviolisl;ips of DBTh to specific methyl isomers :
can be used to determine thexmarﬁmtmiqc (Huglggs, 1984; ,l_’a]mér, ‘1984; Radke
et al, 1086; Connan et al., 1086). The abundance of 1-MDBTh should decrease
with méturity relative to 2,3,4—WBTh and the ratio of &WBTB/l-MDBTh

:hould increase with maturlty Four methyldlbenzothxopheqe ratms (MDR,,

MDRI,AMDR MDR; sce Tablé 4-8 for calculations) have been determined to,




I"lsun 4-18: 'SIM chromatographic distributions of
N 7 benzothiophenes and methyl isomers,

‘as_ses‘S rhatiration u.si;lg DBTh and MDBTh. Radke et al. (1986) sugg‘ested that
MDR can be used for mat\ll-ration (#mmature: <d.5, mature: 0.5-1.0, overmature:
>1.0) and to determine organic ty.pe MDR for Type II organic matter'is 15% ’
less than MDR for Type I orgamc matter, ranging from 0.2 to 10, Samples
from this study range I‘rom 0.38 to 1.06 within the range nl Type I argamc

- matter. MDR, NH)R and MDR‘ m immature to marginally rnnture for all
saniples with the excephon of the seep oil which is mature, and the Tnble Head

© extract which is overmature (Table 4-8)., MDR, of 0.8 to 0.7 is. moderately
mature; <0.B,’ imxr;;tnre to low maturity and >0.7, high to overmature, Simi‘l_nr

" maturity is observed in MPI's for all sampless MDR, s 1ot as effective an
indicator due to .the ingex):e relation with DBTh Which m;y be lost with”

weathering, creating values > 1.
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o
Y onr wome' wom;” awor” wes
s 115 1.45 2.68  0.80
cilo  0.71 ‘147 218 048
SPiz - 0155 0.62 L4 049
BPle 0,88 1.23 2.08 0.7
We2)  0.42 0.81 123 0.52
we2l - 0157 0.65 L2z 087
Gezs  0l6) 1.33 L3 0.4
Gpz8 0.66 173 2.46 0.38
Proil  0.72 0.89 LEL 0.81
soil 0083 0.98 L.AL 0.85 ,
TH3T 2000 .89 1.89 1.0
' “HORg = = o
. i3
. 'L-HpBTh Camoem ;
HORL = Zpemh "% Xoumem :

* = Connan et a)., 1986
€ = fadke et al., 1985

Table 4-8: Maturation parameters based on
benzoll}iophene and methyl isomers.

4.4, Carbon Isotopes . -

Carbon is comprised of a mixtur of 2 stable sotopes, 12C and 1°C, with the

ratio C'2/01 being uppmxlmately 99:1 (Hoefs, 1980). The use of variations in

this ratio cnn mdmte age, source and envunnment In petroleum studies, 6130

isotopes are particularily useful & lzC/la() concentrstmns are. not significantly

altered during maturation (Schoell, 1984). Petroleum has always been assumed to
reflect the variability of the source organic matter during deposition (Schoell,
e - 5 g :

1084). However the variation within a suite of petroleums may be considerable

nnd“cnnnot be differentiated simply with 6'3C. The most relisble correlations are

‘appliet in eonjunetion with othet techniques (Williams, 1074; Welte of al, 1075

Fuek, 1077), or between individual fractions (Stahl, 1977; Stahl, 1880). Stahl




/

= 7

(1980) and Sofer (1984) suggest & linear ingresse in 5°C with maturity, perhaps

obvious only in ‘overmature and immatur stages (Fuex, 1977; Schoell, 1984). An

increase in 6°C has beén used to indicate thermn.l and tectonic features (Clayton

and Bosuck 1985; Vlierboom é al lDEG) Di is will ally eli

13Q enriched fractions (primary fractnonnthn) and concentrate '%C in organic

residue (Degens, 1969). This is observed in fossil biomus, which is 6 °/on lower in

13(1 .as compned to recent. sedlments (-26 :to™-20 °/00). Secondary lr}ctlonntlon 27

effects such as bmdegmdatwn and water washmg hnve little influence. on s8¢

(Schoell, 1984). An lmportmt point to s\tress for all imC studlu is that vumtwns <

between HC fractions gwes & more distinctive yowpxc chnmcﬁer than lndmdunl
value of an oil, kerogen or bitumen (Fuex, 1977) Fluctuations between fracnons
of a single oil are related to carbon number, OEP and molecular" structures
(Degens, 1969). Oils with similar 6“(2 may have extremely different fraction
isc.;topic characters, separating Lhex:r.l categorically into difi‘erent families.

4.4.1. Age Variations

Isotopic ecmposition’ can be used for paleogeographical reconstrictions

(Schoell, 1984). General .variations in 6'3C have been observed throughout

geological time ‘and may be associated with a variety of cau‘ges'[i’igure 4-19). The

emergence of land- plnnts in the Devonian through Carboniferous saw.a trend
towards heavier lsolaplc val\les (Welte et al.,1975). A gene}al ennchment of Y%c
with Iucressmg agu is evident,. passlbly associated with variations .in
photosynthetic nctmty that changed ntmusphem Co, (Junge e', nl 1975 Stahl,

1977). nghzer §13C values in both the Triassic and Pré-Devonmn mls may he
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cnused by increases in atmospheric CO0, pressure (Degens, 1960) (Flgure 4—19).

The 4C values indicate conslstantly thn! the biological source for these nlls is
dominantly marine. Age variations can be attnbnted to water temperature,
photosynzhesxs or pH (Degens, 1969 Williams, 1974; F\lex, 1077; Stahl, 1977).
o)
ace /] Cora]” " 5Coll %0
g Ty -

o rsnmmf

I
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o
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=

Figure 4-10:  Variations in carbon isotope
‘' compositions with geological time,
‘ " after Stahl, 1077.
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Carbon isotopic data from the Cow Head Group havé kerogen and whole oil
Tvalues nmgmg from -28.0 t0\-33.8 °/oo (Table 49). These lie within the observed

range of Oxdovmnn 0\5 (25 to -34 °/oa) and are more negatwe on aversge &hun

3G from Cretaceous and Tertiary sedlment values. Individual fractioit 1sytopa '

from the Cow Head Group snmples range from -26.& to -34.2 /oo for saturates,

£
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|

recent marine and

5 mo -33.9 °/oe for uummu, -26.9 to -33.2 /oo for NOS nd 2265 t0-31.9

" oo tir sspbialtenss (Table £9), Th ges e within the accopted range of

normal marine-Ordoyicisn :mde o\h although the nnge is lu-ge for_oils from a

2 ]
o5 > t
‘The idea of umg carbon isotopes to plue an.oil. wnthm a lpecnﬁc geolnglell
hme frame is lumud by the fu:t that 6130 vnlnu between dlﬂerent ngu are fairly
slm)ler and ‘may overlap (Elgnu 419). A compunon of the ‘mesn 5“0 for oils,

and_extracts (or this swdy (-29. 8“/00), and obaerved 6‘30 for_ Ordovmln oils

(- 30“/00) is surpmmgly s:mllnr (Degens, 1069) ., PR

4.4.2. Environmental Assessment i

. 3 oo & -
o One ‘of the most useful ‘aspects of carbon isotopes is in determining
i £ 3

depositional environment. The average #1°C comppsifion’ of whole_crude is .

'identica-l to lipids from living marine and nonmarine crgm‘i!ms_ (Silverman, 1963;

Fuex, 1977) and marine plankton (Degens, imy. I_so!a‘pe variations between

sédiments have been initerpreted on the basis of
distance from the shoreline, showing a gradual trend to more Mhe il.aC values

as marine organic matter increases (Silverman “Alld Eplgéin, mis- Hunt; m1-

* Tissot and Wdte, 1984). General trends in 8'°C are m:ogniz (hgure 4—20), \—

mcludmg 1) argnme cn{on is Iow:r tlnn

COz, marine

to récent sedi to

lar;e range of EK’C and, 4) petroleum has a nnrrovrer nnga

(S|lvermnn, 1963; Degens, 10“ Galimov, 1975 Fuex, 1077).
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isQtopes in some natural materials.
varlatlons 'Hls study found that Ordovxcun san‘&les were limited ta Type |
urgamc maner and were shghtly more posmve than Type II and Type l]I orgnmc
matter (Figure 4—21) The\Cow Head Group shales span\ the bvnndarm between
- Type I and Type I orgnmc matter based on motoplc data. Thl: correlutes with
' - Rock-Eval' results to be .presentgd later in this chaptar (Sec_hon 4.8). Cow Head

samples can thus be interpreted as an ddmixture of Type.I and II organic mattér,

or 2 poor qulity Type I organic matter (Macauley et al, 1987).-

Tn an effort to ine the envil imps of carbon isotopes,

Sofer (1984) used 8 suite of 339 Olls -plus individual - frsctlons to develop an
errecnve deyosmonal |nterpretmon techmque The mls were divided |nto wnxy
aud nnuw'ky based on n-alkune dxstnb\lhons Waxy - mls hav? abundant nC22 to

2BCyy n—nlkanes (terrestrml), qnd nonwaxy‘mls are most abundant around nCl.,
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I 0 extmats s .
| B soep olle.

¢ N Flgure 421x Freq\lency Bmtug‘rsms AF carbon
- 5 isotopes for -whole oils in relation to 3
organic matter type. ‘s % \

f . (manne) (Sofer, 1984) It is important to renarate that all .oils and, extrncts from .

| the qu Head Group exhlbn 3 Xy n.alkune distributi w:th 3
/ ' .of 18% n-alkane at.nC; 17 and hlgher chnm nalkanes psraboimljy leu sbundan&
J . 7

(see Section 4.2. l) ' 2
: L oy
+ . Variations between ‘individual fractions are more useful than-individual

. ) B . i .
{ ) lsotopes from whole oil. Biological and hemical| conditions will effect the
. nsotopn: eompommns of each fractmn rhl'lerently (Su(er, 1084) Sntumtm nnd

nrox'nnucs are uséful in §13¢ \ln@erpretntlons as chey_ are most” easily obtained
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X

\
(Fuex, 1977). Aromatics are the most enriched in #3q, snd satumes ‘ue most.

depleted (Fuex 1977) Stahl (1978)'suggests a general trend as follow: * N

.
13 10 3, 513 13, 1,

s . P {
586, versds 51G,,, are found in Table 49 and Figure 4-23s. These two

isompes have a linear rehtionship (Sofer, 1984). Sampla that are wn’xy show, 2

temgenons motoplc value and plot in the Tower nght hand corner ol the gmplk J
(Flgure 44233). Cow é Grclanp extracts lie slmve the boun: 2

\

N
determmed for \

| waxy (temgeF]ous) orgam matter, and scatter around the non-wyvaxy (marine): H

?lmon (F)gure 4-235) Some overlap ' exists hetween marine Zhd nonmariné-

shiales (Sofer, 1984). The.differences between marine and nonmprine categories
ks . - = B

. can \{emr be described statistically (Table 4—11) Values caloulated for terrigenous  ;

bxmmAT (Tér*) and “marine_bituhens (Ma#*) from 519, »/ 8%, ,, and the o
¢ ;

cagonical variable (C'V ) can be used to determ\ne envlmnmenl The best fit

* equation for the Cow Head shale; should be the equation for marine oils (Mar*) or

an equivalent CV < 0.47 (Sofer, 1984). ln]Pﬁble 4-10 almost all Cow Head Group
\ 4 g

.extracts and oils fit the marine/nonwu): equation, with a few being tenesbrial >

however, still népw;xy uccordmg 1o GV. Anomalous samples are from St, Paul's

_ Inlet (SPlZ, SPla ,SP14 md SP15) nnd contain high HC/extmct ‘when .compared

"to other samples (Figure 4-1). Distributions of n-alkane shows an increase in pCz 4
to n‘Cz., (Figure 47), and indicates these samples have been_biodegraded or
. . .
contaminated.  Relatively high #3C from, kerogen and individual fractions
indicate somé y;ieg'ree of biodegradation has taken place (Table 4-9). AP
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0.021
0.063

-~ §tcaro - §caat = Taxe = u.u-g“cm 4 5.8
* Mar® = 0.10% '
v = ~2:5310%cuat = 2.220§5caro - 11,69 .
N = nonvaxy, M = marine, T = terrestrial

Table 4-10: Environmental indicators ugg carbon
isotopic compobitions, (after Jofer, 1984).

N
An accurate measure for \environmental determination uses CV and

%dntic'coefﬁcients (QQC) (Sofer, 1984). QC is calculated from the best fit

quadratic curve for nCyg to nCgy for each sample: % n-alkane = .A(urbon #)z +




‘Bfcarbon #) + C, where “A is the QC (Table 4-10). Sdfer determined a [jnear
correlation between the QGrand GV (Figure #22). A verkical line corresponding

.5 to 047 divides the graph into marine and terrestrial, and

horizontal line divides
RN .
. “the graph into waxy and non-waxy. The upper left corner would then be common

to marine samples. Sggxpl‘es from this study sre within these boundaries and are

-of marine origin, ps expected for Ordovician hydrocarbots. g
. B = i . :
¢ -
R . y e
i 8 L #,
o ° :
N - e o0°
5 B %
B "
- g g . .
N .
« o o
* 3y x H
.
v g . - .
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> . ‘marines~tsreetrial | .
; 3 ' E S .
Figure 4-22: Envirdimeutal assessment using the &
- quadratic coefficient and canonical variable,

. ' (after Sofer, 1984).




4.4.3, laoto]‘h Correlation .

\srbon isombes can be used as-a tool in oil/oil and oii/‘s(‘)urcet correlations
(Stahl, 1078; Grizzle et al, 1979; Peters et al, 1085; Galimov and Frik, 1986;
Fuex, 1087). Curbon in & rock is| made up of kemgen imumen and dead carbon
(charcoal). To eliminate differences betwéen an e, rogk, it is best to

use lsotoplc values of extracted bxtumens (Fuex, ,1977]. or pyrolyzed kerogen

,L‘uéx. 1087) Geozraph)cally rehted oxlx forrelate pbsmvely when the-equivalent

fracuons dlﬂer by less lhnn 1"/00 (Fuex, 1977; Stahl, 1978; Sofér, 1984), the

kerogen is within 1°/00 of the oil st equal Jnatnntles\ (Fuex, 1977), or the extract,
is within D 6°/00 of the oil (Stab), 1978) A linear relationship has been observed
to exist between 6‘3Ck" of the shales and 5‘30 5 from the extracts (Macko and
Ql;/ick, 1086). The 513G ‘of asphaltenes are generally org; negative than .ika"

(Figure 4-23c), and scatter gbout the linear relationship.

*  Two oils may have simhar isotopes but distinctive fraction compositions. :An

isotopic type curve techniq\le applies these variations s! owmg thxt §'3C increases

“with increasing polarity within the fractions (sﬂverm 1071; Galimov, 1973). * |

Stahl (1077) has applied the systematic variation in carpon isotopes from fraction

fo fraction to_ determine cil/oil and oil/souice cortelations wig regression

analysis, nnd estimated kerogen values based on #3C of each fraquon Wheu the

estimated keroggp is within -0.8/00" of: sn “associated| oil/extract, the bils are ’

genktically linked (4K, Table 4-11). When estimated kerogen'is within 0.8°/00 of

ssphalt isotopes from a related extract or oil, .the cruded can again be gebetically

linked (4K-asp, T‘a’ble #£11). Table 4-11 shows estimate kerogens for St.Paul's

I
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Fl;llre 4-23: 4 depositional determination (after
Sofer, 1984); b, aromatic-verses NOS, (after )
N Schoell, 1983); c. asphalt verses kerogen. . §
' +(after Mpcko and Quick, 1086). " 3 S

Inlet (SPoil) and Parsops Fond (PPoil) in relation to the shale extncts Variations
between the two différent oils (SPO|], PPoil) Whlg -are thé}nulves genetically . )
related are not sighificant. Both AK-asp and 4K indicate that samples most likely

to be associated- to the oils are from Gréen Point (GP24, G‘P@P?ﬂ"nnd GFé7',

Parsons Pond (PP3), St. Paul's fnlet (SP16) and Martin Point (M¥22).are found,

in'St. Paul’s and Broom Point Member shales, ¥
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i

i

1

" 5 oo
A% =57 Kerogen - §1¢ Kerx

Kerx = Extrapolated Xerogen from

Stani's corves (1377)

T L Ox-awp = §crerogen - §1% Asprare

Table 4-11:  Correlation parameters based on Stahl, 1978.
R : : .

Visual inspection’ of isotope curves can be used to characterize oils.

Distribution of 83C between fractions of increasing: polarity is effective as a

"correlation tool (Stahl, 1978; Galimov and Frik, 1986). The curves are based on

a‘at": atios of saturates (5), sromatics (1), NOS (3), asphaltenes (2) and kerogens

(1: both and ed), plotted according to their polarity. (Figure
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4-24). Equal spacing along the Y axis is arbitrary and the X axis show increasing

isotopic values. Extrapolated kerogens are a result of the best linear fit calculated

by linear regiession. Curve es are o dsinguishisg feature snd
advantags of this approach. There are three"type of curves found in this study,
- sublinear, arched (also recorded by Gélimqv. ang Frik, 1986) and irregular, Curves
that are sublinear or arched have a small range between fraction isotopes (2 to

3°/00), cffrves that are irregular have a larger range (>3%/00). Similar measured

kerogen and éxtrapolated kerogéns are found in Green Point, Broom Paiat. snd

Lobsler Cove.samples. Varidtions between l'raeuons, or total curve morpholomu,

are s|m|ln for the Green Point and seep oils, both sbowmg subhnesr curves

The general use of }snmpas to interpret s}ource correlations using isotopic
type curves and AK, aK-asp calculations  indicate ‘an excellent correlation

between samples fromi the Green Point type locality and local seep oils.

4.4.4. Isotopic Maturation

The effect of ion on isotopic ition is ial. Isotopes

are useful in correlation studies be'cnnse they are unnffected by maturation (Fuex,
1977, Schoell‘ 1983) However, some increase in 6‘30 with mnunty has been
observed (Stahl, 1980; Sofer,,1984), and, the isotopic composition of each fraction’
is intérnally ‘consistant with the degree Mnturnnon (Chung et sl 1981).
Variations between whole oils and flactmq§ csn best be explnmed by ‘maturatidn.

The heavjer the isotopic composition, Lhe more mature the samples. In relatlon to

individual fractions, the carbe{.{ i8ptopic composition of saturates increases s
welghl percent increases. For all other fractions, the isotopic composjtion increases

) 5 .
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as the weight pércent decreases. Figure 4-25b shows the Cow Hef;d Group
saturates have the opposité relation and are immature. Aromatic relationships
N T ¢




m <
‘shﬁw no trend and lorm.l scatter (Fignre‘l—!ﬁc) The isotope composition of
asphaltene plotted ‘to welght percent is asymptotic (Chung et al., 1081) (Figure
4-25a). Isotopic composmons of uphduns become hnvm as wenght percent
degrum and maturity increases, possibly indiciting asphalt as being a source for
other fractions (Chung et al., 1081). The gross composition and Aiso'u;pie variations
indicate that matiration has slightly influenced the individual fractions and

effects are only observed in the asphaltenes.

e

Figure 4-26: Weight percent versus carbon isotopes
for individual fractions,
(after Chung et al., 1081).
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" 4.5. Nitrogen Isoto];es K ) s g

The distribution of nitrogen in natural b§agenic material has been used for

y cycling

mterpretatlon ol' i hydmcnrbon igrati and;

x (}Ioermg and Moore, 1958; Wada et al, 4975, Grizzle et al, .um Mmko and

Parker, 1983; Roberbson 1988). Nltmgen

to isotopes in
exploration or source rock evaluntion are limited (Grizzle et al., 1WD~ Macko and

Quick, 1986) Some nntu I abundance of 5N in orgnmc and inorgardic slipstances

are summamed in Figure 4-26. The 5N vanes from 12 to +25 °/ relat

umosphenc mtmgen Stahl (1977)\ suggested a range in cnlde 'o\lls of
nppmxlmately -9 to +9°/oo, which is the lnrgat disty lb\ltlon l'ound -in z:& . l“
" literature nnd‘ on average is much ‘lower than 6’E_N for crgd& proposed by Hoerl g ' l\
and ;Aoore (1958; +1 to +7°/00), Wad‘n et al. (1075: o w +7°/00), Grizzle et }\ )
(1979; +3 to +13"/ool and Hoefs (1980 0to +15°/oo) Total range for crude}lls
encompasmg all ‘the ht\zrature is from -0 Lo +15. Smm:es for petroleum.can be
ussocmted with terrestenN marine and atmospheric nitrogen havmg slmllsr

ranges based on reported data (Flg\lre, 4-26). ..

! 4.6.1. Nitrogen Source Correlntlon . - o %

Stalil (1977) and Mncko ‘and’ Parker (1983) suggested E‘SN fatios would be "

useMm ! loration and source

Que ¢ theu' wnﬂe{nge in

values (20 °/o<':) as compared tn3C (10°/00). Limited nmounts of nm-ogek are

found in hydr'ucnrbons and are usually ag low. or lowér than 0.1 % (Macko, 1981).

! . . . B . 3 a
The\ql‘f.’N for the Coy Head Group extracts and oils range from -6.9°/00;to .

\




ST Grzzie ® al, 1979,
IO Hosring and Moore, 1958

Figure 4-26: Variations in nitrogen-isotopes in *
" some natural materials.

+4.4°Joo (Table 412). Fractionation during migration and ion causes a
decrease in a‘s_N, favoring the h’g'hm '15& jsocop'e in natural gas (Stabl, 1077).
% Mlgramn may mask the effect of. matnrauon (Stahl et nl 1976), - Oils are slightly ’

more mature than extracu ‘from the Cow Head Group, nnd have " I\g}:t 515N

A 1 S) Lobster Cove (LC29 LCSO and LC31) and Table Head (THl an TH37)
show more posmve 55N due ‘to l.heu- high maturity: Samples most similar
oils include Green Point Formation shales (PP4; SP16; BP18, MP22, MPZ’
GP24, GP25, GP26 and cp/zv): Grizzle et al. (1979) suggested that 55N values o
extracts wi;hin 11.5%/00 (;f an associated oil can’ be us_ed for ge}létlc relation,
althql_ngh oils became more negative with maturation. Those samples from the:
Cow Head Group that are within -1.5 °/oo of the ol include PP4, SP16; l‘?P'lé,
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GP25, GP26 and GP2.7. This sug;s!s a correlation between the Green Point

Formation and the seep oils.

Table 4:125 Nitrogen isotopes from selected
Cow Hegad Group kefogens and oils.

|
The values of 15N cly roughout the geological record (Grizzle et \nl.,

1676). The Permitn was edriched in N compared to prePermian and post-
= s s \

Permian crudes. The most striking result of the N mllysis is tlm many of the

"“Cow Head umplu have §'*N much lower th-n those o[ mout !onm of modgrn

and recent nitrogen. The Cow Head shales are the oldest. recorded 5N on

* extractable material reyorud to date. Tha oldest samples prevnouuly had . been
from the Silurian (Grizzle et al., 1970). By sllpenmpoemg 5N and s%C data
from l.hu study onto @ propoud relation wntb detenmned age windows, Cambro-

Oldovwnn samples fall independantly in the upper left (Flgnra 2-27)‘ This



indicates a lighter isof;opic influence in’ orgatic matter in ancient depositional?

d with variations in biogenic and ntmospherié‘ cycles at that

time. Y T o

- ) 2
X
" il s
o
)
» \ @, i
L&t ,
» r ?. ~
\
*atter N
» . Grizzie ®t sl 1979
% N f
s 2 \ Figure 4-27: Nitrogen isotope compos\twn of kerogen -
DR X s P verses carbon isotope asphaltepe -

values, (dashed boundaries -
after Galimov and Frik, 1086).

ey “ w . . o M ¥ %
The distribution_of nitrogen isotopes ¢an be used to evaluate the original

o B N L
depositional environment in re} ﬂl@:{i en dgpletion and ocean circulation. In
. ~ i \

stratified oceanic conditions lower s'°N\valiles are often found as A\tgsult of

reduced nutrient supply and incre;;sed_ N, fixation. Stratified oceans praduce
abundant nutrients during periods of upwelling or land plun'z input and favor
Ce NOS' and N}l‘"‘ production, tending to result in a heavier isotopic composition of

. . " the ‘\wgnnics (Saino nnd/HAttqri, 1987; N. Oa‘tmm, pers. com.).

ln applymg these ideas to the Cow Head Group, at least three chnnges in

e ci fon can_ be

d (Fxgure 4-28) Consi negahve J'EN tlu-onzh
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Cow ;lead Be(i Nos. 8 snd 11 indicate stratified cnnditi;ns’“nnd intermediate or”
bottom anoxic conditions. fhis corrélates well with high levels of TOC for these
intervals. Ef:trgme negative v'al'ues’ in beds 6 and 15.may indicate n:mxilmxm extent
of the anoxic ev\éntr _aid—a large inpﬁt of nutrient mat that\ produced
mnximm\rr'piﬁn:}; fractionation. Debris flows that are %x%‘in‘ the Cow Head
Group would supply the quantity of nutrients required. Bed 13 has more positive
N and perl}aps indicates a change in ocean circulation to an upstratified event
with” open circulation. . This coincides well with- the, increase il; abundance of
t - _

- red/green shales (Figure 4-28).  * : . ' 2l

Finally a general trend to more negative®ffhlues from proximal’to distal
-~ .

could indicate more limited nutrients in the deep offshore environment.yhen
ke o e b

" oxygen levels appear to be lower and encouraged preservation: S &

" Lsotope information*from both 853G and #N indicate Camibro-Ordovician
type oils. Original depositional environments argisrine (non-waxy). Msﬂhrity can ~
be associated only on a relative basis and indicates the seep oil is more mature.
Vm‘intiou.in iotal isotope distribution show maturation trends across the Humber
Arm Allochthon (discussed in Chapter 5) and strong oil/source correlation
butween the seep oils and the Broom Point and St. Paul's Member shales from the

Green Poml Formation.
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Figure 4-28: Distribution of nitrogen within the
” ‘Cow Head Samples. Small numbers in boxes
. indicate TOC, Large are SI6N.
N

‘.

4.6. Rock-Eval. Pyrolysis

. Determination of maturity usiug’r;mre than one technique is re::\olr;mended
) for accuracy, especially with, mm‘-ine-orp‘nic matter because it is lipid rich. Rock-
_Eval pyroly‘sis provi.de: s final assessment for this study. Pyrolysis was urrged out™

on 25 extracted samples (Table 4-13), using 8 Rock-Eval II' pyrolysis instrument. *
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; . B 4 & X
Extracted samples are rarely used though bitumen does contribute slightly to the

P2 peak (Snov;rden, 1984; Peters, 1086). : . p

Sample TOC Concentration, :
name v SFEmRBY na e omr oor

<4
<

. PP4 154 640
2.56 0

A
than 10 and :m.- not recorded
. ~G¥ = Generation Potential =
other abbreviations -xpxunau in the literature
4 .
‘Table 4-13:. -Results from Rock-Eval analysis.
Source rocks of ! are d by ion and migratie of)

hydrocarbons. Stsndurd .laboratory pyrolysis or artil }Eéating oi samples ~ o
(Figure 4-29) can help determine the amount of free or generafed hydrocarbons

present in the mck‘(Pl) at 300°C. Heating of the kerogen at, 25°/min generates b
potential or pyrt;lytic hydrocarbons (P2). Trapped CO; and water are reiease;i

during thermal cracking up to 380°C (F\’3) (Bnrkér, 1974; Tissot and Welte, 198‘»/'
‘Measurement of P1.and P2 are done with a flame ioniz;nion detector (FID)‘/FS is

N
~ limited to a marrow temperature window and is difficult to collect (Tissot and




. Welte, 1084). In this study, P3 was extremely low in concentration and.resulting

oxygen indices (OI) were <10 (Table 4-13). 3 o

Tmax

*
- ) Re
e TIME
INCREASING
"EI‘KHATUNE
Figure 4-20: Generatiol products from pfogrammed -
- s Rock-Eval pyrolysis, (after Tissot
gy : and Welte, 1984).

A fourth factor, *Tmax*, corresponds tu a mnx|mum hydmenrbon
generanon tempenture during pyrolysis and w use(ul for evaluation of
maturauan. Hoﬁ'mann et'al. (1087) have suggestéd that Tmax is perhaps related

to organic matter type rather than mamnty Tmax is useful for organic matter

maturation if the organic type is unlform and Type III. (Hoffmann et nl 1987).

Type I and II organic matter (ordovician orgnné’) is not as useful sha matumtion

index. Tmax fér the Cow Head Group shales averages 441 ranging from 435 -‘
444, or law to early maturity (Figure 4-30). This is similar to Tm# values
determined by Mac‘nuley et al,, (1087) for th’e same area. Nut.able exceptions are
the Lobster Cove’nnd‘ Table Head Tmax values that are overmature (571) and

highly mature (450). . ' P
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Figure 4-30: Maturation pnmélen based on organic
matter ty] and Rock-Eval data.




4.8.1. Genetic Potential o
Typicgzl Rock-Eval data can indicate _eccnomié potential, maturation, and

: - o s ] .
organic matfer t‘ype Fanmeters used are based on the previous mentioned factors

(P1, P2, P3 and’ Tmax) nnd TOC. Genem Potential (GP) £ Pl + P2), nl.so
referred to as Hydmcarbon Potential; represents the mtn?:f all HC nvnluble in
the rock for pyrolysls, or the economic cspahllny (Mncauley et a] 1985) )
Qualities of organx,c matter for a gwen d&m are determlned by a mho‘ of’ GP m

TOC The Cow Head Group shales all contam relnwely smnll percentages‘of

TOC in ralanou to GP (Figure +31) Quah
10.1 kg/t as compared to lower values of 9 2 kg/t fox the Tahle Hend and 7, 2

\’b'ueél on an

average specl‘m gravity of 0.85 (Flemming, 1970), Cow. Head Group shales have a

- kg/t for Lobster Cove shales. Converted into | i

age yleld po\m

potential of 59.5 kg/t (70 1/t), considered thlgh yreld. Lﬂbsber Cove and Tnble
Head are considerably lower, 18.5 kg/t (21.8 l/t) and 132 kg/t (155 l/t)
respecuvely Mxmmum reqmred yield for economlc consideration u 418 l/l
(Macauley et al., 1085). The Cow Hepd samples. fall wnhln thi§ range,-wnth Lhe
hxghest potential from Green qut and Broom ‘Point lt}@l]mes and ‘one sample
from Parsons Pond ( jr\s) (Table +13),

e
¢

- * Tissot and Weu'e‘(msq) determined an acceptable GP for potential source’ ~

rock. Shaleswith genetic’potential values <2000 pgrﬁ are gmon‘séurqe rock with .’

some potential for gas production. PP2, CH2, SP1§ and the Lobster _C(ﬁa‘nn'd
Table Head adiet are e only shalog that are <4000 ppm (Table 413). GP

from 2000 - 8000 is considered to be a moilehlg,.sauréé rock -and found in PP4, *

of the Cow Hend Group shnlgs are -
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o0,
; 3
. SN S
GENETIC POTENTIAL #1 +P2)
-\ Figure 4-31:  Economic poteﬁtial based on TOC
hs ) and genetic potential . !

CHs, CHI0, CH1, SP12, MP21 and MP22] Samples witlr good potential a5
source rocks (>5000) include shales from Green Point; Bmom Pomt Western”
1

Brook Pond and PPS. Samples with high geneuc potentml (PPS BP18, GP25)

orlgmﬂte from the Broom Pomt Member of the Green Point Formation and

_inglicnte _incr’eu'mgﬁT)"Re bl/ﬁi organic ‘matger,concentratfons (Tissot and Welte,

1084): S
'4.8.2. Orﬁnnlc Matter Type
The Hydrogen Indices (HI) = (P2/TOC) can be used in conjuncuon w1th

Tmax or the Oxygen Indices (OI) = (Pa/TOC) to determme kerogen type and

maturation (Espitalie et al., 1977) HI verses OI lie near the Y axis (anure 4—32)

Ol is neghglble and indicates low oxi lhon dugi 5 deposmon wlth good orgnnlc
B presorvauon ‘The Cow Head Group shales’ Qre composed of Type I ar/smc matter
that mmoderstely mnture or immature Type l] base on l-[l and' OI relations.

Lobstor Cove and Tnble Head samples lie near t.he ongm showmg hxgh matunty




’ g <
* It is common in, Ordovxcun \sunples to have rednud amounts of oxygen mdmaﬁing

good generation pounhll (M. anler, Pers. Com.).

. )
_ .
»
&
. $
a”
. N
- .
Figure 4-32: Organic matter types in relation ®
L4 i . to hydmgen and oxygen indices.
£ i

Tmax and HI cnmpontxons (Figure 4-33) exhllm. a uhght inverse nlntlon and
|nd|cate low. mlmmy at the p

stage (Macauley ‘et l] 1985).
In compnnng Tmax loﬂ‘ype iand l] orglmc matter, the Cow Head ‘Group shales

dre low to moder:tely mnture, poor qnuhty Type I organic matter or good quality
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Type Il organic matter (Figure 4-30). Lobster Cove shales are overmature and
Table Head are highly mature for both Type I and I organic matter. Samples
from Green Point, Broom Point and Western Brook Pond are eariched average

Type | organic matter or excellent Type II organic matter (Figure 4-30).
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Fl;ure‘l-aﬂx Tmax verses hydrogen indices,

4.8.3. Production ‘lndex-
The Production Index (PI) or Trnnsf(‘yrmntjon Ratio (Tissot and ‘Welte,

1984) repr.esents~lhe‘.ratio of vn;lévile HC (R1) to Genetic Potential (P1 + i’Z) and
indicnt_es thermal maturation or mig-ratio;. PI values for Cow Head Group Shales
range from 0.08 - 0.A24 which cover a broad range compared to PI values from
. Macauley et al. (1987); for a simildY¥ suite of samples (0.15 - 0.18) and a smaller *
range than nnother study by Macauley (108[7) of 0 - 0.48. The range of Pl in this

stndy covers low to moderate maturity (Flgure 4-30) and correlates to Tmnx and
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HL Both the Lobster Cove (0.83) and Table Head (0.82) samples ;n overmature,
similar to Macauley et & (.1987 ). Tmax should increase with the value of PI and
maturity (Bnk\zr, 1974). PI to Tmax show & slight linear relationship at extreme

values (Figure 4-34).

g = ol

i. !

e

3
L .

£ ceet .
. N
o
. .
3 K] .
. .
.
» S .
E: .
.
os 10 18 20 2.5

PRODUCTION - INDEX ®1)
excluding sampies 32 - 37

’nn 4-34: Tmax vetses the production index.

Rock-Eval data indicate Cow Head Group extracts are low to muginnlly\
mature, with the exception of the Lobster Cove and Table Head which are high to
overmature. The organic matter is either a poor quality Type I or good: quality

. Type H‘}nnd may Iqe an admixture. Isotdpic values for kerogen also indicate mixed
Type 1 und 10 kerogen (Figure 4-21). Lastly, the potential for.the Cow ‘l”leld

Grm_m sl!ales haa been useued as good *economically® I'or samples (rom Green

Point and Broom Point: lonlmea wnﬂnn “thie-Broom Point Member uhnlel and '
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% “
below economic values for the rest of the sample suite including Lobster Cove and
Table Head. This economic capability is viable only when assessed in conjunction

with geological setting, source rock volume, org‘nnic matter quality and-type.

Ve

)




s Chapter 5 - . = 7
Summary and Conclusions

5.1. Environment of Deposition

The use of cochemi Yy to depositional i .is

relatively new (Tissot and Welte, 1084). Generally, migration lowers the conterit

of g‘eochemiea.i material but does not alter the character of the geochemical fossils.

. Relative distributions of chemical compt’dz'cm indicate the amount- of

i:reservltioq and environment of deposition. S

5L C-rhonate/clntle . } "

Pure carbonates us\nlly conlam little orgum matter, and a lower minimum
TOC is, propwed tot ca.rbonn.e nch source rocks (Hunt, 1967). The abundance ol

either carbonnte ‘or shale i m the en _'

nmgnt is 'determined by the type of orpmc

matter prqeng in the seep oils. . Carbonate/t sourced hyd; bons-h:

low Cl?‘l's (<0.8), high isoprénoid]n—:!kme_ ratios (>1), low pristane/phytane,

-low Cy,/C,, hopane (<0:1), hopane concentrations are greater than those of the

steranes‘,.nnd normal stennes are reluively‘ more nbundnnl than * redrranged

steranes und Tm/’l‘s is hlgh The Cow ‘Head Group extrncts have relltlvel}}gh/

,/c,, (>o 17) ing clastic d




clastic (shale) with local carboante influences. This jnterpretation is strengthened.

by the sedimentology found within the Cow Head Group which is comprised of

brecc‘ia.s, it es and carb _‘_ric}g shales.

5.1.2. Anoxic/Oxic

Anoxic '(nnaembic low oxy[gen condmons aid” preservnnon of a hlgh

pcrcentage of organic matter Where marine autochthonous organic ‘mat__ter is '

i .
5 preserved in abundance usually mdlcates anoxic- " conditions (T t et -al,. 1879)

The predommnnce of easily. degraded organic matenal occ\lrs where condmons

" are strongly reducing. Types of easlly degraded material that mdlcnte reducmg
conditions*in' the Cow Head Gro\lp shales are, high concentranons of hopanes
(punked at “Caﬂ) relshve to steranes, relative, abundance ol normal Steranes,
extreme negative 51°N, pmtane/phytnne <0.75 and pristane/nCy; > L. l) These
characteristics coincide with ‘bulk chemlstry (high HC\ and TOC in deeper
deposltlonnl semngs’ and abundance cl' fine grained, black shales. Low oxygen
index (OI) from Rock Eval nnalyses strengthens these types ‘of condmons

OdeIzlng condmons and/or biodegradation are observed’ where: the umount of |

-\

"fatumte is >25% and’ NHC is >60% (found only in Lobster Cove shales).
A\;undnnt Cyy to Cyy and high pristane/nC,; can also indicate oxidation and/or
biodegradation (SP13, SP14 and SP15).

* “ -
“Zones of anoxia can bé determined by the smount and 5ist1’ibutilon of
prcselv‘ed organic matter with relation to ‘original sedirpentary dep;)siﬁon Figure
5-1 proposes a hypothencnl envnrcnment based on prmrvauon of orgnnlc.maner,

geochemical blomnrkers and ﬂlEN The propq:ed envu-onment hvcrs n'medml
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anoxic zone with oxygen Fich surface and bottom waters. A cycling.sequence from
stratil’ie‘d‘ (anoxic) to unstratified'(oxic).conditions may ‘or can be inferred from the

nitrogen data (Figure 4-28). * it

, Figure 6-1: Ahoxic éonditjons associated with
s lhe original continental shelf margin, .
numbers indicate m),rogen |sotopes

The preservatmn ol orgamc miiter for the shnlés is nnder anaxnc to. '

dysnerobw ‘¢onditions; tl;e mﬂ-iehce of oxygen is indicated: by ‘blodeg'mdnuon T‘}n

¥

some snmples Preservmon is bqt' alang the lower shelf.of the ongmal margin,

Xnterprecanon of thmma dntnl facies is_difficult u “Lobster Cove !]lalcs are’
s K :
overmatured howeve] lower Green Point exlncts (GP28) sFow a0 oxygen
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influerice, and are less preserved. Stratified oceans can be assumed from relation

of 615N, sedimentology and geochemical fossil preservation.

6.1.3. Marine/Terrestrial . .!'
One of the first: determinations in, organic geochemistry is the type of -

dominant organic material, cither marine or non-marine in character. Marine

organic matter i a’mor, P ic material deposited in an aquatic

regimé, correspondi to Type L 1) kerogen. Sat 'h‘ydmuhons are
generally l'rom 30-70%, ‘afomatics from 2&60% and lsoprenolds are nbundant
relative w normal n-alkanes. Steranes and terpanes are abundant but decrease
with depth and maturation (Tissot and Welte, 1984). Sources for organic matter
are algae (sterols] nnd prokaryotes (hopanes) cqntmm;:g abundant lipid material.

Tlu\s type of organic matter occurs in areas of hlgh productivity and is preserved

in sedlments under anoxic conditions (Tissot et al., 1978).

In contrast, non-marine or terrestrial organic matter cofresponds to Type I
(waxy) i(eroéen, which is gas prone. Saturafes are >60% w‘ith abundant n-
uumnes. aromatics are <30%, lsop[enolds and steranes ore abundant (Hnnt
-1079). Contmental organic matter is“mainly composed of lngher land plants and is

rich in cellulose and lignin. . . i

Determination of the origin- of o;gnnic matter for the Cow Head Group .
shAIes was done using n-ulgnnes, steranes nnd isotopic distributions. The most LT~
~ distinguishing geochemxcal K&featm'e that sepm'ates marine and’ berrestrml sl

environments are n-alkane dmnb\mons. Maximum p-alkane concentrmon in low
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_ molécular -weight hydrocarbons' from nGy, to ncm, l‘ollowed by'a systemahc
decrease indicate marine orgamc matter. In contrast abundant 11(;‘22 to nC o0 80d
* odd dominance in the nC region are cammon for tenesmul urgumc matter
(Scalan and. Smith, 1970; The Cow Head Group shu.le extracts are abundant in
the’ low, molecular welght ‘range - and .decrease ;u .the higher rnnges wnth odd
dommance l‘rom nC to “Czl' ‘tommon in maring shales. A low percent of
methyl-steran& (<10%) and dommant C” sterane indicates lqw terrestrml input’

und marine dommnnce

\

Carbon isotopes have been extremely useful in enviropmental interpretation

(Sofer, 1984). Edua_tions for marine and 'téfrgsterial organic n;ntter using satnn{e ’
and aromatic 513C coupled with CV (<0.47), and QC indicate a marine origin for

v all Cow Head Group shale extracts. These Tesults are not suprising u ther
Ordovlcmn predates the vjcvelopment of vasculnr land p]nnts, B stuches for -

mnne/terrestml orgamc mnterml hsve been userul for venhcatlon
‘

5.2. Orétlnh:. Matter -

5.2.1.-Kerogen Type s

Ol‘ the types of organic matter prBﬁqs;d in Chapter l‘(lnlroduetion), two are
frequently observed in nature (Ty‘pe o, nndumy)f Distinotiun‘ of Lhe\se Types' is
essential for a sourge rock assessment, as different” types have different.
hydmcarl;on ‘potentials. A source rock must contain sufficent Gil-prone organic «

matter. Comparisons of bitumen must be between rocks of similar organic matter

type.
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"1 Both optical and physicochemical methods are applied. Physicochemical
methods used in this study also include Rock Eval pyml;sis. Comparisons 40[ the
" amount. of hydrogen to oxygen genérated in relation to carbon ‘during pyrolysis
applied to the *Van Krevlan® diagram det;zrminé organic matter type (Figure
4-32). Samples with a high percent of hydrogen ‘and low oxygen are Type I and'Tl
_ kerogens. Type-HI (terrestrial) kemgex! Eu a low Hydrogen inde; d high
Oxygen .index, All Cow Head Group shales are low in oxygen aid high in -
hydrogen content, interpreted as Type I or admixed Type 1 and II kerogen."

Carbon isotopes strengthen this interpretation, §'3C is slightly more positive’ fbg

Type I than Type I and I kerogen. Cow Head shales lie between Typé1 and II

kerogen ranges. A ics, or more i 1dib hiophene (MDBTh)

can be useful for kérogen interpretation, and suggests Type Ilrganic matter for

T —-——_the Cow Head Group shales (MDR is 1.5% less than Type III).

L

Type III kerogen has been eliminatgd a3 it represents terrestrial organic
matter not occurring in Ordovician oils. All the Cow Head Groug shales are either
Type I or II organic matter. It has been ilggated that Ordovician organic matter ,
is derived from Type I kerogen (Connan et al., 1986). Type Il or admixed I snd I

) kerol.;ens have been proposed by others (Macauley et al.; 1985). The Cow Head

Group samples favor Type II organic matter with some influence from Type 1.




* work by Macauley et al., (1087). These authors interi)r_euted the Cow Head as |

5.2.2. Orlglx;ll Biogenic Material

Environmental and or;n;zic matter studies, emphasize the importance of the

original biomass. Geochemical fossils are particularily useful as they retain the

character ‘of the original material. The Cow Head Group umplu\'ﬁn be ¥

P as ini u prokaryotic Ani This is
by a Inrgg amount of hopanes, high C“/C“ diterpanes (>l 02), and Iugh relative

percent ol' rearranged steranes to normal steranes.

The in’fluence of algae in the Cow Head Group is evident in the dominance
of nCy; to nCyq, rich isoprenoids, abundant terpanes and 'dominance of Gy

steratle over Cy. A dominance'at nCy; observed in the Cow Head shale extracts

corresponds to a fossil algae s & pre r to many Ordovician marine

shales (Hoffmann et al, 1986). This eliminates the infl by photoplank

|

|

which 'xeqnire a minimurh at nCl.,. These studies agree strongly with petrographic '
= . & . .

bundant algal cysts, Gl prisca Zalessky 1017, and
fluorescing bitumen. ‘
5.3. Maturation

Maturation in the Humber Arm Allochthon region can be determined by -

geochemical analyses and may be .interpreted in relation to both burial and

regional tectonics. In loylrce' ds inati the most imp: factor is the

l,o'cnion ‘or the shale in relation to the'oil window, Source rocks must undergo
catagenesis at some point in time or at some location to be cqonsidered a source for

the seep oils-in the Parson P6nd area. It is important ta reiterate, that in outcrop,
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the Humber Arm Allochthon shales are immafure and only & (#w have entered the

upper limit of the oil window (Tnhle 5-1) Unfomlnately, th\L study is limited to

surface sampling and therefore it can-onlybe assumed that vnlh depth or peyhaps
associated with thrust faults, thatmtyz: Blbhas Teached a}: extent sumcent to
|

" have generated oil.
N ' * x
h . . |

METHOD MATURATION RESULTS AND RELIABLITY* i

S S e ore positive- for olla, high mtur]ly‘ or
effact of migrati
* Teopremold e Er/Cig = 0.3 forentracta - mderntel(

|
Amount HC @ ucl = 50 = low mturity. Lobster Cove
and Table Head = 10 = high maturicy. |
n-Alkane ‘@ Extracts are within the oil window. E
. . mleoalar veLght preserved'th Cou Hesd: S.
Paul's and Broom point localities. .
Sterne/ @ Cov iead, sarsons pond and St. Paulis are
inmature. Broom Point, Weitern Br
Jartin Point and Greeh Point are mighly
mtura (based on stereo-lgomers) -
St ® mturity ticreases scro)
2123
Azomatic @ WPI is immture at Cow Head and“St. Faul's.
104 nodarate for the reat of the  sanpies.
Rock Eval @ Max = 411 for the extacts (low to early) ,
and more than 450 for Lobater Cove and
Table Head (over to high!

allochthon from

* Levels of reliabilityr I
lows e fair=0 goot= @

Table 6-1: Summary of maturation results. R
[

P
Regional trends in maturation indicate sn incressé from the coastal

exposures towards the Long Range Mountains, and across the cogstal plntfomi

(Table 5:1). Carbon motnpeu range from -32 3°/00 along the coast to -24. 4"/00

near the Long Range Monntams (Figure 5-2) ‘This increase in thh heavier 3C
isolope represents an increasé in maturation. Similsr patterus are “observed with
~

MPI, Tmax and Specific lons (Figure 5-3). Retention of low moled‘x’x,lu ‘weight e




along the coast have not been noted.

slkanes aod light sromatics decrease across the Allochthon. Norherly trerds

s 2 2 2

Figure 6-2: Average carbon isptope values
4 acrogs the Allochthon. -

3 5 R

_The observed increase in maturation toward the Mountains is here =

interpreted as a result of the remobilization of the Long Rnnge_ Inlier during the
Devonian (Willinm’\et al, 1985). The effects of .maturation are slight and the
entire region is immature to low matnmy Excepnons fo these regional pmerns
are the {obster Cove shnles tlm are extremely mature and interpreted as o’
flouidering melm;e block (James and Stevens, IOSB). The Table Head samples

have a high maYuration and II;,ut the base of the oil window.

>
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s
b ' I
! “
A,
4 ) 1
@ 3
s S o P .
€ . Figure 5-3: Regional trends in maturation.
, ) An‘intérpretation of regional changes in association to thé seeps indicates
¢ . 2
t the oil (which itsell is moderately mature) has been geneul_ed' by:. 1) more
e : egéterly portions of the allochthon or 2) as & result of the generation of HC from
f -
3 thermal stress Which occurred associated with thrust surfaces. Faults ‘may also

serve as a path for m‘igmi'on of the oil:
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5.4. Source Rock Characterization |

' .
B Interpretation of source rtocks is most reliable when more than one
geochemical iethod is applied. The iecbniques used in this study are {mt equally
reliable and ‘must be treated on a relative scale. Table 5-2 indicates the relative

reliability of selected metlimds (Tissot and Welte, 1984), and results of correlation
studies. B ; o

\
Results othned frm-n the shnles in the Cow Head Group indicate that the

.most probah}we (or’ bhat wnth the most similar chemistry to the oils that has’
m_:t undergane severe blodegradatmn or alteration), aré samples fmm ‘the Green

Point type locality. Sedi ically, this f i the more

favorable seduence The average grain size is finer than sediments found within
the Shallow Bay Formauon and at more proximal localities. This ‘feature is

deslrz'ble for the best preservation of organic matter, and high HC/TOC. Distal

“ I'ames of the Cow Head Group are the source of detrital material under the

presence of reduced oxygen conditions favoring increased organic contént.
' Chemically, the distribution of lipids (n-alkane and geochemical biomarkers)
= e i

indicate that there is a'good ‘correlation to seep oils, from the Green Point type

" locality. The Broom Point Member of the Green Point Formation is likliest at the

" Green Point and Martin Point outerops (’l;alu_le 5-2). These outcrops have

adequate organic cpntent’an‘d a higher portion of bituminous organic material.

One of the most striking sirnilarities between the oils and extracts is from carbon

isotopic s‘Ludnes, which indicate a posmve correlation between the oils and the

Green Point Format{on. Bed Number'8 of the Cow Head Equwnlcnu (Jameﬂ und

Stevens; 1986) i s the most ncceptsble source based on present data.
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Table 5-2: Source determination from
various méthods.

- 5.5, Petroleum I{:suur:& Assessment
The potential of a proposed basin can be/ assessed using any relevant level or
_type ol'-da}vtab (Master, 1684)4 To determine the resources m_lailable, four main
factors must be losked at (Ulmishek and Harrison, 1984). These include: 1) source,

*%) trap, 3) resevoir and 4) seal.

.

e
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' Basins are generally assessed as a unit when bounded on all sides to produce
an enclosed system (Ulmishek and Harrison, 1584). The Humber Arm Nlochthon
is® an independant system since it is separated horizontally by -structural

boundries; vertically the Humber Arm Allochthon is partly opened upward (hence

the oil seeps).

\Reso_urce estimates of the ‘source, based on geochemistry are reliable
(Momper, }984). Wilhin.an‘ independant'system, migration factors are not tnker; -
into account as the system is interpreted as a closed unit pUlmiQhek and Harrison,

+ 1984). Miniﬁ\um acceptable TOC for good potential sources is >1.5_and more
than half of the shsl;s from this study fall into this range (Table 4-1). Exceptiuns
are MP21, MP23, PP3, PP8, CHS, CH11 and all St. Paul's samples excel;t SP12.
Samples.interpreted to have excellent potentin\l based on ﬁydxocarbon yield (>50)
an-'d high TOC (Oudin, 1976; Powell, 1078; and Hunt, 1879) incl\lde‘ GP24, GP28,

‘BP17\, CHS and CHI10. Genetic potential generated from Rock Eval data
indicates that the Cow Head Group extracts have good potential, with the
exceptions of PP2, dHO, SP15 and Lobster Cove and Table Head ssmples. Those
with excellent potential include PPS, BP17, BP18, WBI9, WB20, BP26, GP27.”
. and GP28. On average, the Cu;ii Head shaies have a potential yield of 59.5 kg/t(

(70 1/t), well above the economic minimum of 41.8 1/t (Powell et al., 1084).
J

The volume of shales is a limiting factor as the Cow Head Group shales are.
thin andw dispersed sap‘ropel Type I/I organic matter. The Humber Arm
) Mlochthon‘itsél! represents a rather large basin 1200 km? (4800 km®) which is
substantially lard@® than the average a}z‘e ofa tontin;ntal muliicyéle basin of 266

B .
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km? (803 km®) (Klemme, 1934)) This type of basin is a result of crustal collision
on a convergent plate margin and is commonly mixed clastic and carbonate
(Klemme, 1984). The overall volume of black shales however is limited and
thermal history suggests a large portion of these shales are not yet within the oil

window. ‘
v

Traps for petroleum must be of explojtable size. Only a small portion of

organic matter is converted to hydrocarbons and well sealed traps are-necessary .

“to contain ary produced oil. The Cow Head is an extensively deforfed région

that may contain abundant traps, though of limited size.

Reservoir rocks themselves need to be po}ous to retain the hydrocarbons
necessary. The Humber Arm region is highly fractured, with narrow bedding
intervals and stratified units. Massive units, absent in the Cow Head, are most

conducive to good reservoir conditions. ‘,

ary to contain migrated or free hydrocarbons.

Seals for reservoirs are ne

Tl;e Cow Head possesses good .permeable migration pathways along zones of

faulting, but these zomes are open to the surface'in many cases allowing

.
hydrocarbons to escape.

Other factors that may have influenced the ﬁgeservnion of reservoirs

include water recharge (minimal in the All ), post

hth
(also minimal), escape migration (no seal present allowing hydrocarbons to
escape), hydrothermal -activity (not evident in outcrop) and biodegradation

(minimal in both seep oils and extracts). - s




5.8.

Conclusions . -_ e

within the geologlc regmn known as the Humher Arm Allochthon revesl that:

T

©

Chemical propemes “of-the oil resemble must closely those of the shales
from .bed number 8 of the Cow Head eq\nvnlents within the Broom
Point Member, of the Green Point Formation and Cow Head Emup

. The source rock quality-shows: good potentisl for the producﬁonvol‘.

economic - amounts: of hydrocu’bons Trap, reservoir and. seal

H capubllmes are low.

©

~

o

3

. The majority of mnumhon mdlca show the section to be at. early.or

immature stage of oil ‘generation, just. above to within . the oil
generation *window®. Maturation increases across the coastal platform
towards the Long Range Mountains.

v N

. Organic matter is of Type I with perhaps admixed Type I and I

kerogen originating mainly from prokaryotic (nlga\) Sources and
deposited in an anoxic marine envnronment with clmuc and _minor
carbonate input. ) )

. The oil and extracts are typical Ordovician early Paleozoic marine

oils, classed as non-waxy normal clastic sourced hydrocarbons.

. Methods most acceptable for source correlation include n-alkane

d\smbumns, specmc ions and 813G, corresponding well to the
di that -ext ion does not eccur in early
and low maturation stages. .

‘Stndy of the bitumen snd seep oil l‘rom the Cow Head Group shale extracts

=
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- Appendix A
Saturates, x;-alkanes

Saturated chroni{tognms are run on a GC-MS in- “scan® mode.

Distributions are based on ion m/z 90. The y axis represents relative sbundance
-/ a8, Ty 1

of individual peaks, and the X axis represents retention times. Peak designations

from 15 to 35 correlate to the specific number of carbon the make up that specific

carbon chain represented by that peak. Isoprenoid inseis have an x axis 10 times

that in the regular n-alkane and are desi d pr = pristané.

and ph = phytane.

Liquid chromatography separations were verified by ion scanning for di and
trimethylnaphthalenes(m/z 156 and 170). and di and trimethylphenanthrenes

(m/z 208 and 220).
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Figure A-1:
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n-alkane and isoprenoid distributions - .
a. = SPoil, b.= PPoil, ¢. = PP5,
\ .

.




Figure A-2: n-alkane and isoprenoid distribution

a. =PP8, b. = PP7,c. = CHS..
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b. = CHH; C. = SP12.

n-alkane and isoprerioid distribution

a. = CHI0,

Figure A-3:
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n-alkane and isoprenoid distributions
a.=SP14, b. = SP15, ¢. = BP17.

Figure A-4:
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a. = BPI18, b. = WB20, c. = MP21.

Figure A-6:  n-alkane and isoprenoid distributions
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_Figure A-8: n-alkane nnti isoprenoid distributions

GP24.

=MP23, ¢.

8. = MP22, b.
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* Flgure A-8:

p-alkane and isoprencid distributions
a. = GP28, b, = LC0.
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i ’ Appendix B
Terpanes: hopanes

Hopane distributions were collected in the select ion monitering (SIM) mode
of the GC-MS. Jon m/z 191 was monitered and peak height¢ were used in t}ne
calculation of relative ratios. The y axis represents relative abundance and the x '

. axis reWetention time. Peak designations sfe noted in the following table.
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PEAX DESIGNATION MOLECULAR WEIGHT TERPANE [DENTIFICATION

. ) ‘a1 tricyelic i
a ,om ericselic o -
as - 36 ericyelic
i '
1 Te 310 18(H)215() tfianorh
7 T8 310 18a(8)21b(H) triwnorhopa
2] 308 17a(#)215(8) norhopane
&0 a2 178(#)21b(H) hopane
qou a2 176(1)21a(8) sorecane
als 426 a2 homshopean (125) :
CIR a2 17a(#) 2154} hosiohoptar
K 42 4 . gamacer s
o w0 18002108 bishosotopne (125)
o w“o . 17a0)216(H) bishooobepane (228)
- o i ush - 17800 21b(8) celahonchopane (22540)
’ o 468 17a 0 21b0-teceabosobapane (22600

R = right sterlo Laomer:
17800), 215(H) 1 asalpha, bebeta

(xr) = rearcanged steranes .
S = lefe sterio isomer

4

[ . »
Table B-1: Designation for hopane d
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Ffgure B-1» ,'Hopnne and tricyclic distributions
8. = PPoil, b, = PP2, ¢. = PP4. ‘'

» \ o »



Flgure B-2: - Hopane and tricyclic distributions
a. = CHS, b. = CH10, ¢. = CHIl

)
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Ty i}
Figure B-4t Hopane and tricyclic distributions
. a.=BP17,b.=BP1,c. = WB20:"
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Appendix C

Steranes . -

-

Sterane distributions are collected in SIM mode and calculated based on

peak heights. The y axis relative ab and the x axis

retention times. Selected ions monitored included m/z 217, 218, 231 and 414. This
appendix represents oaly the total (217) ion chromatogram. Specific peak

designniions fronrf to 22 are interperated in the following table. LA

N




PEAK DESIGNATION WMOLECULAR VEICHT STERANE'IDENTIFICATION

1 €27 (rr) mn l]h(}i)"l(ﬁ) ducholunnl (105)

2 a7 (e0) n

3 €27 (er) 2

2 (en) n g ‘

3o ) 386 (

6 €28 (rr) 186 d C .

7c28 (rr) 386 rearranged cl& steran *:
8 . m 14a(H) 17a(H) cholestas %

9 ca7/c29 372/400 14b(H) 17b(H) chols

rearcanged C29 starane '

10 c27 372 14b(H)17b(H) chols

n ez mn \h(K)Ih(H) chol

1269 (er) 400 rearranged €29 staran e
13 €29 frr) 400" res runled €29 sternac

14 €29 (re) 400 29 seerna,

15 c28 186 Laa(H) 17a(H) trlul!-n. (20s) " -

16 c28 386 lh(k)lib(ﬂ ( )
17 c28 386 4b(H) 17 (H) lrl .
18 c28 386 l’-l(ll)l'l-(ll) gost nn! (Zﬂl) -
19 e 400 16a (W17 (H) >
20 €29 400 14b(H) 175 (H)
21 a0 400 1450 17b.(H) -
2, 00 Hea(h17a0%) ttipmareone. (100

Table C-1: Sterane peak designations:
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Figure C-1: Sterane distributions
a. = PPoil, b. = PP2, ¢. = PP4. .
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Figure C-2: Sterane distributions
a. = CH8; b. = CH10, c. = CHIL.
’
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Figure C-4: Sterane distributions «
© a.=BPI7, b. = BPI8, ¢, = MP2I.
. -




_Figure C-6: ' Sterane utr}i)ntioqa !
b GP24, b. = GP26, ¢, = GP26.
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