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Abstract

This study provides an overview tife structure and fill ofen separate rift basinthat underlie the centraBcotian Shelf
andSlope All basins developed above decouptahtinental crustgachflanked by important border faults that sole into
multi-tiered mid-crustal shear zonethat separate brittle upper crust from ductile lower taiddle crust.Moderately
stretched 2530 km thick crust underpins the landward study area (proximal domtain)ing abruptly tol0-15km thick

in the seaward study area (necking domaingividual rift basins range from <45 to6km long, areip to 40km wide,
and contain up to 6 km of strataBasins arelominantly halfgrabenand are flanked mainly bgndwarddipping border
faultswith opposingheavily eroded hinged margins; only two are true grabdrsur wells calibrate portions of the fill in
two of these basinsSambro 429 penetratinga sharply truncatecandincompletelower synriftsuccessiotin the Emerald
Graben composed mainly opoorly datedmixedgradered beds Glooscap &3, Moheida PL5, and Mohican-100
penetrate an incomplete pper synrift succession in the Mohican Graben composed mairtefNorian to Rhaetian
(Weston et al. 201alite orredfine-graineddolomitic siliciclastics, or some combinatiofthe two. One well (Glooscap
G63)alsopenetrated interpreted CAMP l@anics that, on the basis of seismic jump correlations, are present locaiky in
of therift basins, heavily eroded along the postrift unconformifihis study also documents, for the first time, a potential
pre-rift succession that underpins parts thie Oneida Graben.

1 Introductionand geological setting

Most of our knowledge aboutb 2 @ { Or&-G Al gyarson 1986; Schlische et al. 2003

Quaternary offshore geology comes from the Offshore borehole and reflection seismidata-sets
extrapolation of onshore geology combined withe acquired since the late 196@sovided the foundation
study ofoffshorereflection seismiprofilesandborehole for a number of regional studies describitiye post
data collected for the purpose of hydrocarbon Paleozoicstructural and stratigraphic development of
exploration Bedrock encountered in a wmber of b2 @l { AlanficAmta@ii(e.g. Mclver 1972Jansa
offshorewellsis consistent with onshore Paleozoic rocks andWade 1975; Given 197HRolser et al. 198 Welsink
that make up mainland Nova Scotiemplaced during et al. 1989;Wade and MacLean 1990; Fensome et al.
late  Paleozoic Appalachian compressional or 2008; OETR 2011; Weston et al. 2012; Deptuck and
transpressional tectonicas Pangea was assembli@e Campbell 2012 Campbell et al. 2015; Deptuck and
Piper and Jansk999; Waldronet al.2015. More recent Kendell, 201Y. Data coverage across the outer shelf and
reactivation of preexisting fabrics within these slopeisseemingly widespread (Figure 2), but data quality
basement rockstook place in the early Mesozoas is unevenly distributed. For example, 3D seismic data
Pangea fragmentednder a dominantly extensional to  gsets are heavily biased towards tistope and in areas
transtensional tectonic regimé his producea series of where hydrocarbons were discovered in the Sable
rift basinsstrongly aliged with these Paleozoic fabrics Subbasin. Likewise, although wildcat exploration wells

(Figure 1). Triassic and Lower Jurassic strata exposed in were widely distributed during the earliest exploration
cliffs around the edges of the Fundy Basin record this cycle in the 1970ghe discovery of the Venture gas and
event (e.g. Olsen 1997; Leleu et al. 2009; Leleu and condensate field byobil and partners in 1979 caused
Hartley 2010). Lithospheric extensi@ventually @ve drilling to shift almost exclusively to test deep rollover
way to seafloor spreadingsoceanic crusaccretedalong anticlines in the Sable Subbasireographically skewing
the mid- Atlantic Ridge(Klitgord and Schouten 1986;  much of thesubsequent borehole calibration. As such,
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Figure 1 Map of the Scotian margin showing the top basement structure, overlain by basement faults (black) and allochthonous salt
bodies (pink). Blue dashed line shows boundary between the Avalon and Meguma terranes, and the black dashed line shows the location
of the study area on the central LaHave Platform. Land topography scaled from 0 m (blue) to 500 m (red). Gridded basement and top salt
surfaces adapted from Deptuck and Kendell (2017). Faults in the Fundy Basin from Wade et al. (1996).

not all areas othe offshae have been studied equally
reflectingthe anisotropy in data quality/availability and
historical perceptions aboutydrocarbon potential.

This studyfocuseson a40 000 km region ofthe central
Lahave Platform that underpins the Scotian SimeHinly
west of the more heavily explored Sable Subbasin
(Figures 1, 2). There are thre notableearly Mesozoic
geological featurebere:

0] Rift basirs - A series of poorbkgalibrated
continental to marginal marine synrift basins
developed above Paleozoic rystalline
basement in response to Middle Triasgic
Early Jurassic lithospheric  extension
between Nova Scotia and Morocco;

(i) Carbonate Bank A widespread carbonate
bankwith a welldeveloped bank edge/reef
margin and steep foreslope developed in the
Middle to Late Jurassic as the western
margin of the young Atlantic Ocean
thermally subsided;

(i) Sable Delt& An increase in siliciclastic influx
in the latest Jurassic to midretaceous took
place agriver systems built out adjacent to
and eventually across éhcarbonate bank,
burying the bank edge ithe eastern study
area inthe Tithonian and thevesternstudy
area by theAlbian

Both the Jurassicarbonate bankdorresponding to the
Abenaki FormationFigure 3 andthe uppermost Jurassic

to mid-Cretaceous fluviadeltaic clasticsthat eventually
prograded over it (Missisauga and Logan Canyon
formations Figure 3 have been described in detail in a
number of studieqge.g. Eliuk 1978; Welsink et al. 1989;
Wade and MacLeah990; Wierzbicki et al. 2002; Piper et
al. 2004; Cummings and Arnott 2005; Kidston et al. 2005;
Cummings et al. 2006; Deptuck 20@ETR 201 Piper

et al. 2012; Qayyum et al. 201%) part because these
stratigraphic units contairknown hydrocarbonbearing
reservoirs In cantrast, despite accounting fanorethan

half the total stratigraphic thickness on the LaHave
Platform (compare Figure 4a and 4bjelatively little
work has been published on thépper Triassic to Lower
Jurassic synrift suessionbeneath the central Scotian
Shelf The stratigraphic successioin Figure 4 records
the breakup of Pangea and early separatiof Nova
Scotia from Morocco, and as such is important for
understanding how the earhAtlantic Scotian margin
developed. W& are not aware of any detailed studies of
the rift basins that undgpin the central LaHave Platfrom
beyond mapping of border faults by Wade and MacLean
(1990) and cursory results presented by Welsink et al.
(1989), Deptuck et al. (2015) and Deptuck andde#n
(2017). In part, this is a consequence of limited
exploration interest in this region over the patstree
decades, and resulting deartf goodquality reflection
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2D Seismic Programs:
8620-N011-001E
8620-C015-001P

8620-S014-006E
8624-W013-001P
8620-C020-001E,002E 8624-W013-002P
8620-S024-001P 8624-W013-005P
8624-B011-003E Lithoprobe 1988
8624-C015-002P,3P,4P NS24-G005-004P
8624-C020-001E NS24-G075-003P
8624-G005-007P NS24-W013-001P
8620-H006-001E,6E NS24-W030-001P
8624-P028-049E NS24-G026-001P,
8624-P028-071E NS24-G065-001P
8624-P028-072E NS24-P003-003E
8624-P028-073E

NS24-P003-002E
NS24-S006-001E,002E
NS24-M003-006E
NS24-E043-004E
NS24-G005-008P
NS24-E040-001E
NS24-E043-001E

8624-S006-005E,6E
8624-S006-033E

Figure 2 Map showing seismic data coverage across the study area. 3D seismic volumes shaded in grey. Tables show list of CNSOPB
program numbers for seismic programs covering the LaHave Platform. Wells shown in red. The main study area is located west of the Sable

Subbasin. Figure 6aidentifies the key wells used in this study.

seismic profileandwells to calibrate thé fill.

To help bridge this gap we have assembled and
interpreted all available reflection seismicdata-sets
collected over the past five decadesincluding those
archivedonly on paper or microfiche in an attempt to
build a robust multi-vintage data-set with the most
complete coveragegossibleacross the central LaHave
Platform (Figure 2) Despie significant dataguality
limitations, a number of seismic surfaces were
confidently correlated across the study areas were a
large number of basemennvolved faults, enlaling us to
produce a series of isopach maps calibrated to a handful
of wells, ando establisha detailed fault framework for
the study area.This study aims taddress some of the
basic, firstorder questions about thesgft basins How
many rift basins are thereand how much sediment do
they contair? What are their dimensionand structure?
Are there regional variations in their structural styde
patterns in their fill? The results provide insight into
broadscale pre-, syn, and postrift strudural and
stratigraphic development of the central LaHave
Platform and more generally help elucidat®w the
proximal margin evolved during lithospheric necking.
These results can also be used as a starting point for
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2 Dataset and approach

To study the seismic stratigraphy of the central LaHave
Platform we compiled an extensive suite of analogue
and digital 2D seismic surveyem more than 26 seismic
programs collected between 1969 and 2001 (Figures 2,
3). The seismic database comprises more than 75 000
line kilometers of data. Some surveys are only available
on paper or from microfiche, and were scanned and
vectorized irhouseand loadednto a digitalworkstation
environment. Data quality varies substantially from
barely useable to good. A mistie analysis was attempted,
using a relatively modern 2D survey as a baseline
reference (CNSOPB program number N&30-1P), but
some misties were unavoidable (generally smaller than
20 ms). Despite wide variations indata acquisition
parameters, phase normalization was not attempted
because of widely varying image quality and
vectorization results. There were also several instances
where errors in the navigation files were identified, and
old shotpoint maps and major geologicdeatures
mapped on intersecting seismic profilbke basement
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Lithostratigraphy
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Stratigraphy modified from:

Welsink et al. (1989);
Wade & MacLean (1990)

Paleozoic metasedimentary
& igneous rocks, overlain by
potential pre- -rift basins

border faults, basement highs, the edge of tebonate
bank or the modern continental shelf edge) were used to
reconcile such situations. It is possible timavigation
inaccuraciesremain on some profiles, but errors are
likelyto beless than 500 m.

{SAAYAO AYGSNLINBGFGAZ2Y &1
software, with timedepth relationships derived from 20
wells using checkshot surveys to calibrate sonic logs and
through generation of synthetic seismograms. Building
on the sismic stratigraphic framework proposed in

earlier work (e.g. Deptuck 2008; OETR 2011; Weston et
al. 2012; Kendell et al. 2013; Deptuck et al. 2014),

thirteen regional surfaces were correlated across the

study area (Figure 2), and a detailed faftdtmework was
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J163 and J163 to Top Basement) was built for conversion
of interpreted surfaces into depth, using tinteepth
relationships from calibrated sonic logs indfthe wells
(Figure6a), and usig an intervalelocity of 4.5 km/s for
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the sparsely penetratedLower Jurassicand older LaHave Platform, @st of the Sabl&ubbasin (Figure 6a).
successions below the J163 marker. They are widelyspaced, and seven of then were
dLJzZRRSR LINA2NJ 2 wmdopTty RdzN
offshore exploration cycle more than 40 years ago. All
but four of these wells targeted Middle Jurassic or
younger stratigraphic intervals.

Most of thewellsin Figures 2 and gtrongly cluster along
the eastern edge dhe studyarea nearor inthe proven
Sable SubbasinNine wells are scattered above the



