NATURAL OIL SEEPS ON THE BAFFIN SHELF, NUNAVUT, CANADA:

Geological Survey of Canada GEOLOGY AND GEOCHEMISTRY OF THE SCOTT INLET SEEP
Scientific Presentation 12

P.N. Moir', G.N. Oakey', R. Bennett!, K. Dickie', G. Williams', P. Budkewitsch?, V. Decker?, M.G. Fowler®, M. Obermajer*, J.W. Haggart®

: : ey | fEEE e e T T Jscotmetans
3 T — [] Land plant-Tertiary Coals
A ‘. | | e [~ Diatoms & Bryophytes o Scott Inlet Oil ¥
¢4 / ‘?,{L; ;‘.‘." ' ‘ i.:v., ,- ./ Bylot Islénd 6294;\ | *l‘I | e . . 4 o
‘ / | . e N73 ) '
P o gV Buchan Gulf & N ! l‘ rl
Lok < 1 ; \:dffti:‘““::*i:t ﬁi“il“f,f!’}""f.‘;f"'w‘w 2\
\ ‘r"'.t’ Scoffiniet B weAhes NN 0000 mmm e <SR B R T a0 I IR AT T N ) o | o \i{’
R‘ ] 100 % 80 70 @Sl;;)(%;h 30 2 10 0 G L L1 L It
- 3 - - . \ Fig 21. Scott Inlet oil i d on t : . .
| ; i g — Fig 11. Seabed covered in white Fig 12. Carbonate crust viewed by the | \' l 1] dilaggram bCOSarzueelzlt :Iu?fég?gﬁiwiﬁg tr?;n;g’: Fig 22. Scott Inlet oil supenmposed
- " i bacterial carbonate crust observed  Pisces IV 1985 submersible dive wu \IjH I\ \ | of C27 032/8 and C29 steranes from the Niger o ©28/C29-sterane ratio by
: _ ; _ ' 1 wll’l W;J’wfw \1|L JJ |L! ’ i Schwark and Empt (2006). The Scott
i g | ¢ e | L1 during the Pisces IV 1985 dive. L S ) JMMLLLWML-"”|"“dllﬁ'll“”,""“iww Delta. Interpretational overlay from 1GI software Inlet oil falls approximately on the
i 3 e urface slick near Scott IIet s bttt YEY ) e sl e . basked (in worldv(\jndte kngwn <I:rude olls dgfnd dsou;tc ©  Late Cretaceous part of the curve.
=q iy Fig 2. Ol slick, in foreground, observed off o ApARSAT_1 sition date Oct. 3. 2005 AL A oy e Fig 19. The oil sample shown in Fig 13 was analyzed in 2010by ~ rock sterane adata. Overlays modified after
S Scott Inlet, September 1980 (Levy and (Budkewit E Zaggg)'s' II(?)n ate CL. 5, y I — - < - - liquid chromatography, gas chromatography, and gas HuangandMeinshein (1979). 6
Fig 1. Location map showing Scott Inlet, Buchan ’ UAREWILSC - Repeal sea sunace . . chromatography-mass spectrometry (GC GC/MS). : :
GL?lf and Bylot IslandpRed Pus?h pins are location of MacLean, 1351) mapping using satellite radar confirms the Fig 5.  Multibeam, geophysics, and sample data Py P i ) ' _Recent geological .mapplng on Bylot ISIahd
vetroleum exploration wells. continued existence of extensive and coverageinScott Trough. o o of od of) of of o b ph o | . provides clues to the stratigraphy of Scott Inlet basin.
persistent oil slicks. The investigation of R ] f lﬂ Oldest strata there are Albian to possibly Turonian
possible and confirmed natural hydrocarbon . | ]|-ﬁ,|m | J!-Wnﬁw coarse sands with coal, suggesting correlation with
seeps identified in SAR images was the focus 2 ek L L Al WAL, Lo Ll LALLM : :
of a study using RADARSAT-1 data in the P S " Lol LAV Rl T, the Hassel Formation of the western Arctic. Younger
INTRODUC-HON eastern off-shore areas of Baffin Island | = " . mz el mz2 mZ2E strata contain floral and molluscan assemblages
(Budkewitsch 2006). L5 ! g P L. 77 indicative of Coniacian, Santonian, Campanian(?),
: . . o Fig 14. 2010 photo of L | Maastrichtian, early(?) Paleocene, and late
Oll slicks were first r?COrded Pn the sea S_urfa_c_e Fig 13. Sample of oil-coated Scott  remaining oil collected  Fig 23. Vitrinite Reflectance results | | || w = 1T MHL’AM " Paleocene ages, correlative with hydrocarbon-
offshore Scott Inlet, Baffin Island, in 1976 by a scientific Trough carbonate crust collected in 1985 from the oil- fromshale samples selected fromthe | i o wpe Greenland Il of ype Greenland 1l o type bearing sequences on the West Greenland shelf. A
team from the Geological Survey of Canada | during the Pisces IV 1985 dive. (s:(r:i:[/sr?iﬁalzribgo1n§te crust ﬁ\%oi);?;e(’;;con?%s\;g? piston core at |[mzteiduin - m/z 218 o thick (500 m), coarse-grained sandstone widespread
(Loncarevic and Falconer, 1977). Several detailed ' ' on Bylot Island grades laterally into deep marine
studies were undertaken over the following 10 years to ) IL f 5“ mudstone (Fig 24) and may be a possible coeval
examlne the petroleum reSIdueS In the Surface SIICk, é Greenland Marrat oil type Greenland Marrat oil type Greenland Marrat oil type | eqU|Va|entf0ra SCOttInlet baSIn reserVOIr rOCk-
water column, and surficial bottom sediments, and to F.Ig 20. Comparison fra_gmentograms frorr_l chttlnlet ()_l[, Greenland Itilli
_ oil, Greenland Marrat oil. Compared to five oils identified by Bojesen-
map the geology of the area (Levy, 1978, 1979a, b; Koefoed et al. (1999), the Scott Inlet oil is most like the Itilli type, which is
MacLean, 1978; MaclLean and Falconer, 1979; Levy o s | suggested as sourced from Cenomanian-Turonian age marine shales.
and Maclean, 1981). A comprehensive review of 4 . New analysis of Scott Inlet oil collected from the

investigations was published by MaclLean et al. (1 981 ) Fig 6. Seismic reflection profile across Scott Trough and

the location where hydrocarbons were observed on the
sea surface (Blascoetal., 2010).

1985 submersible (Figs 11-14) experiment
confirms biodegraded, mature oil with biomarkers = Se R

indicative of an Upper Cretaceous marine source,  Fig 24. Thick sandstones on Bylot Island grade laterally into
as suggested by Fowler et al. (2005)_ This oil is mudstone facies and may form hydrocarbon reservoirs.
similar to the |ltilli oil type identified in West REFERENCES

The Pisces IV submersible was used in 1981 and 1985 et

to visually examine the sea floor and collect targeted F_ilg |4- kSccilt_t Inletg;ci? Bltgcl?an Gulf area vaith
- - Oll SIICK outlines. SIICKS mappe Yy LEeVvy

samples (Grant et al., 1986). This work confirmed that  975) 1950 slicks mapped by Levy and

ol and gas were indeed seeping from several MacLean (1981), 2005 slick extent from

—1500

—2000

Fig 15. Shot-point lines of multichannel

seismic lines shot by industry from 1971-1979. o ' procossas ant o fcatonehp wih 11d Sacpa and the bontac Environment i e Narinwest Paseage. Gaciogia Survey o
locations. Video footage showed areas with distinctive Budkevisch (2006). seismic ines shot by industry from 1971-1979. Greenland, which has been proposed {0 Dbe o swmaroaimsnipuinisscors snstvenen i e Norinwest Paseage. Geslagica Sumey o

generated from Ce noman ia n tO TU rOn ia n ma ri ne Bojesen-Koefoed, J.A., Christiansen, F.G., Nytoft, H.P., and Pedersen, A. K. 1999. Oil seepage onshore West Greenland:

evidence of multiple source rocks and oil mixing. In Fleet, A.J. and Boldy, S.A.R., eds., Petroleum Geology of Northwest Europe:

S h a I e ( F i g S 1 9_2 2 ) Proceedings ofthe 5th Conference. Geological Society, London, p. 305-314.

Budkewitsch, P., McGregor, R., Pavlic, G., and Oakey, G. 2006. RADARSAT-1 observations from Davis Strait to Baffin Bay for
off-shore oil seep detection. OceanSAR2006, October 23-25, St. John's, Newfoundland,
http://www.oceansar2006.com/abstracts.html#57.

Canada (NEB project 246-09-12-00165).

—5000

white Beggiatoa bacteria-encrusted sediments, locally

solidified into a carbonate crust which was trapping oil 1 _
beneath it. In addition, extensive surface slicks were . Repeat sea surface mapping

mapped and observed in several locations off Scott from ship and satellite radar

—5500

—6000

—6500

sw NE
: - B N —7000

‘Coniancian fragment

i ' : (-2 ke SE of fing) o Fowler, M., Stasiuk, L., and Avery, M. 2005. Potential petroleum systems in the Labrador and Baffin Shelf areas, offshore north
coft Inlet . ! o 1 = -

5. Upper Cretaceous mudstone and shale cored
at several locations on the NE B aff Tal S he If were the ?;gt%aelatgfy '52(537579’555,ng’iﬂeﬁﬁf??fé@iﬁiée@cﬁé’ﬁif;i@eg‘éﬁie(’épif,’fs‘e)ﬁ‘iiﬁq’ﬁe??%"?g"é’%é pbstacm v

—B000

Inlet and Buchan Gulf. confirm the continued existence x e ! o . . . pp. 463-404. | S
. . . F| 7. S XOr | n f " k F| 8 Can ONS and Sediment bed Flg 17 Depth Structure on top Of basement map’ O rl g I n a I I Y d a t e d a S C a rr.] p a n I a n I n a g e . g;r;‘gzhc,)isall_r?x%/blzxggl;;?,Sll(JFV:;gfl\c/l:ca)frf]z;t(,jéJ’.géggfgé_ljﬁ?gg_g\g.research submersible finds oil on Baffin Shelf. In Current
of extensive and persistent oil Fig7. Seabed expression of bedroc g y - .
' I forms alon the Southern mar in Of mOdIfled from PetrO'Canada map (SUI“Van 1984) PalynOI()glcaI Work Completed In 201 1 (MaCLean et Harrison, J.C., Brent, T.A., and Oakey, G.N. 2011. Baffin Fan and its inverted rift system of Arctic eastern Canada: stratigraphy,
Th e etroleu m I nd u Str h ad aISO ta ke n I nte reSt I n th e SI ICkS n ea r' S COtt I n Iet a n d In the SCOtt Trough area. g g W 3 . . . tectonics and petroleum resource potential. In Spencer, A., Embry, A., Gautier, D., Stoupakova, A., and Sorensen, K., eds., Arctic
p y SCOtt Trough al . 201 1 ) prOVIdeS a more preCISe age Of Tu ronlan Petroleum Geology, Geological Society of London, Memoir 35: 595-626.

Huang, W.Y. and Meinshein, W.G. 1979. Sterols as ecological indicators. Geochimica et Cosmochimica Acta, 43: 739-745.

Baffin Bay region with several seismic surveys BuchanGulf(Figs2,3,4).

completed in the 1970s. However, very little new work

was undertaken until a resurgence of exploration

activity on the West Greenland margin in 2007, 2. A series of multibeam

resulting Iin extensive, modern seismic and seismic surveys conducted

aeromagnetic surveys and drilling in 2010. between 2006 and 2010 over
Scott Trough (Fig 5) have

to Coniacian for the mudstones of Home Bay and
B UChan G u If a nd the bIaCk Shale CO red at SCOtt I n Iet Levy E.M. 1979a. Concentration of petroleum residues in the waters and sediments of Baffin Bay and the Eastern Canadian
(Iocation 80028_73 in Fig 5). Th ese Strata are th us Arctic - 1977. Bedford Institute of Oceanography, Report Series, BI-R-79-3/ January 1979, 34 p.

Levy, E.M. 1979b. Further chemical evidence for natural seepage on the Baffin Island shelf. In Current Research, Part B,

I Geological S fCanada, P 79-1B: 379-383.
equivalent to strata present on Bylot Island, ceescasuesoicanada paper
Levy, E.M. and MacLean, B. 1981. Natural hydrocarbon seepage at Scott Inlet and Buchan Gulf, Baffin Island shelf: 1980 update.

Fig 18. Depth to basement map after Harrison etal. aPProximately 300 km NW of Scott Inlet, as well as - wevmoen o oomatiouim s 00
(2011), showing approximate outline of Scott Inlet pOSSIb|e marine Cenomanian-Turonian SOUICE  sine ocansds peper 17-ia 525524 P e e
i . o . T . basin. rocks identified on Ellesmere Island and VVest et o tar Gebigon Sumof Caraio. Soperm 158 o %2
Thirty five years atter the initial slick discovery, many illuminated new details of the 3. Work completed by the oil industry from 1971 to 1979 is no longer Greenland. The black shale collected in core e smymens o s comarommeysuses o sor e sur ot s co
elements of the active petroleum system at Scott Inlet surficial geology, petroleum 80028-73 has a Vitrintite Reflectance "

are still unknown. However, several new data sets and escape features, and the Figs 9 & 10. Pockmark distribution in Scott Trough (shown in polygons Conf_ldentlal anq can t_)e V|ewed_at _the Natlc_)nal Energy Bo_ard (NE_B)- measurement of .41 (Fig 23), indicating that shales etroleum of the norineast cosstof Bafim lsiand. Bulietin of Canacian beroloum Gaoloay, 20 7505 - oo seepaget
interpretations provide new insight into the active surface expression of the ouflinedinblack). The three identified are up to 130 mwide and 11 m deep.  Regional mapping using 2D seismic reflection and refraction profiles ' ’

Levy, E.M. 1978. Visual and chemical evidence for a natural seep at Scott Inlet, Baffin Island, District of Franklin. In Current
Research, Part B, Geological Survey of Canada, Paper78-1B:21-26.

Petro-Canada Line 79-326 (Courtesy of Suncor
Energy). Location shownin Fig 15.

.25 25 5 7.5 10
| == & ilometers
o/ f [
.~

. MacLean, B., Williams, G.W., and Zhang, S. 2011. Cretaceous strata on the Baffin Island shelf. AAPG Polar Petroleum Potential
_ _ _ _ : _ Other pockmarks may be present that are smaller than the 10 m horizontal _ _ : QE_ctril: near the surface of Scott Trough are marglnally Conference, Hallfex, Canada, Aug 30-Sept 2, 2011, Abstract
petroleum system that exists in Scott Inlet basin. This underlying bedrock (Figs 6—10).  resolution of the mutlibeam collection system. reveal an elongate (200-300 km by 25-50 km wide), NW-SE-striking { d that 1.5 k f sediment S S, e, W Adeleye, 0.1 o ende 5.0 005 Improved unerstandng of re pereur
mature an at 1. m Or more or sediment may
poster highlights 6 of these new data sets graben, named the Scott Inlet basin. It is thought to contain at least 6 km of

. . Schwark, L. and Empt, P..ZO?S.O S;e;z?aeegécgr;irl;e,rzs4gs1irzld:ic2:azt50_r2se’g-f Palaeozoic algal evolution and extinction events.
Cretaceous and younger sedimentary strata (Figs 15—18). have been removed by recent glaciation or a  rescocss rescccimaes o 24011

Ce nOZOiC erOSionaI event. 18123\638006 1984. Eastern Baffin shelf, depth structure on top of basement. Unpublished Petro-Canada map 3238, scale

'Geological Survey of Canada, 1 Challenger Drive, Dartmouth, Nova Scotia B2Y 4A2 Publications in this series have not been edited; they are released as submitted by the author. Presented at American Association of Petroleum Geologists,
2Canada Centre for Remote Sensing, 588 Booth Street, Ottawa, Ontario K1A 0Y7 Polar Petroleum Conference, Halifax, Nova Scotia

3Talisman Energy Inc., 888-3rd Street SW, Calgary, Alberta T2P 5C5 ©Her Majesty the Queen in Right of Canada 2012 Date presented: August-September 2011

“Geological Survey of Canada, 3303-33rd Street NW, Calgary, Alberta T2L 2A7

5Geological Survey of Canada, 605 Robson Street, Vancouver, British Columbia V6B 5J3 doi:10.4095/291575 Recommended citation

: - Moir, P.N., Oakey, G.N., Bennett, R., Dickie, K., Williams, G., Budkewitsch, P.,
This publication can be downloaded free of charge from GEOSCAN Decker, V., Fowler, M.G., Obermajer, M., and Haggart, J.W., 2012.

Natural ReSOUI‘CGS ReSSOUFCGS nature”eS (http://geoscan.ess.nrcan.gc.ca/). Natural oil seeps on the Baffin Shelf, Nunavut, Canada: geology and
Canada Canada For more information, please contact J.W. Haggart (Jim.Haggart@NRCan.RNCan.gc.ca). geochemistry of the Scott Inlet seep; Geological Survey of Canada,

Scientific Presentation 12, poster. doi:10.4095/291575




	Page 1

