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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

odzAfd Ay tSGNBtunud ¢KS- Y2
offse faults, areshown in Flg ? A four.la,
velog%\/?% gcIeN"I('wat r% umn; sez\b dato J158 1%@ "

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
successions below the J163 marker.

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

Figure 4 a) Isopach map
between top basement and the
Bathonian J163 marker,
showing distribution of prerift to
earliest postrift strata beneath
the central Scotian Shelf and
Slope. Isopach dominantly
reflects the location of Triassic
to earliest Jurassic synrift
sedimentary basins; b)
Isopach map between the J163
marker and the seafloor,
showing substantially different
distribution of postrift strata,
where most sedimentation was
focused in the Abenaki and
Sable Subbasins. Most of the
drilling activity has taken place
in these younger sedimentary
basins. Wells showninred.

LaHave Platform, st of the Sabl&ubbasin (Figure 6a).
They are widelyspaced, and seven of then were
&LJMzZRRSR LINA2NJ G2 wmMdTy RdzN
offshore exploration cycle more than 40 years ago. All
but four of these wells targeted Middle Jurassic or
younger stratigraphic intervals.
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Figure 5 a) Perspective-view (from south-
west) visualization of the basement fault
framework built for this project. Many of the
large border faults sole into mid-crustal shear
zones. b) Annotated version of (a) showing
transparent top basement surface. Grabens
discussed in this report are labelled in blue.
Basement highs are labelled in black.
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3 Seismicsurfacesand structure maps

We correlated hirteen regional tosub-regionalseismic
markers throughout the study areas well as a number
of more localmarkers The most important markers for
this studylie within Lower Cretaceous and older strata
(Figure 3) Figures 7 through 18how depth structure
maps of thesesurfacesTheTop Basemeninarkeris the
deepest surface interpreted (Figures 1, 7a, b),
corresponding to thetop of CambriarOrdovician
Meguma metasedimentary rocks and associated
Devonian plutoric rocksthat intrude them(calibrated at
Naskapi N30 and Ojibwa EQ7, respectively)(PePiper
and Jansa 1999l forms a moderate to high amplitude
reflection where overlaify thin, young cover straté&ut
commonly produces little or no seismic reflection where
overlain by older (pre-Middle Jurassic), higher
impedance strata. In such areaswe carried "top

basement" along the interpreted base of layeredver
strata, guided in part by the fault framework shown in
Figure 5. In some areasg particularly beneath the
thickest parts of rift basing the exact placerant of this
markerhasa high degree of uncertainty.

In the central study area, a prominent angular
unconformity {Tr250 separates an older prerift(?)
layered and heavily folded stratigraphic succes$iom
younger synrifstrata. No wells penetrate Tr250 and the
marker cannot be projected with confidence beyond the
Oneida Graben (Figurga). The unconformity probably
formed in the Late Paleozoic during the final assembly of
Pangea (discussed laterWe correlated hree markers
(Tr225, Tr220, and J200; Figure 3) through the fill of a
number of Triassic rift basins that underpin the study
area (Figuresa, 7). To produce more regionakxten-
sive surfaceand thickness map®ach of these markers
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Figure 6a Top basement structure map showing location of key wells used for calibration and the generation of the velocity
model in this study. Also shown are the production and significant discovery licences in the Sable Subbasin.
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Figure 6b Map showing location of seismic profiles shown in this report.



wasmerged with theyoungerpostrift unconformity that
at different locations, truncates them.

TheTr225marker (Figure 8y a bright amplitude roughly
mid-synrift reflection that separates the landward rift

basins (East Emerald, Emerald, Kingsburg, Naskapi) into

a higher amplitude faulted reflection series below from
an overlying generally less redtive interval above
Tr225 could not be correlated with confides into the
distal parts of the Oneida and Mohican grabens, where
reflection amplitude diminishes or seismic imaging
deteriorates. The slightly shallow&r220markercan be
carried more widely across the seaward parts of the
study areaithin and seawat of the Oneida, Mohican,
Acadia, and Abenaki grabgnghere itcorresponds to a
faulted bright amplitude reflectiofFigure 8).Erosion of
the late synrift interval and loss of reflection character
hinders correlation of this marker landward into the
Naskapi Graben, however the markappears to merge
with or lie just above Tr225 in the easternmost Nakapi
Graben (near the base of distinctly lower amplitude
later synrift interval) Both markers overlap in the
landward parts of the Mohican and Oneida lgeas,
where theyform separate diverging markers In the
Mohican Graben, Tr22flefines an approximate base to
the Late Triassic primary salt layer, separating folded and
more continuous mixed amplitude reflections above
(corresponding to bedded salt or lateral equivalent)
from more heavily faulted mixed amplitude reftems
below.TheTr220marker becomes increasingly reflective
in the western parts of the Mohican Graben, within the
Acadia and Abenaki grabens, and moving into deeper
water. It is possie that the marker corresponds to a
volcanicor carbonatelayer in these locations. No age
calibration is available for either of these markers and
their names are arbitrary

TheJ200marker (Figure Qorresponds to a strong peak
trough doublet reflection that is distinctive and shown at
Glooscap @3 to correspond to the reflection response
from a 152 m thick basalt layer emplacednformably
above Late Triassic halite with interbeds of dolomitic
shales and siltstones. The stromglection produced by
the basaltis concordant with underlying reflectiondoes
not appear to crossut other events, andvas jump
correlated to the hanging wall in a numbergriibens It
probably correspond to the top of ~200 Ma CAMP
related basaltic lava flowsnaking ita very important

Deptuckand Altheim2018

time marker (Figure 3)If correct,J200separates pre
CAMP strata below from po€AMP strata above and
approximates a baséurassic markerJ200is difficult to
correlate east ofthe Oneida Graberinstead, he top of

the primary salt layer (a heavily deformed surface due to
sediment loading and salt expulsion) was used as a proxy
for the J200 surface in the easternmost study area (e.g.
in the Abenaki @&ben), where tle basalt appears to be
absent.

The J200 volcanic arttie underlyindoverlying synrift
successiorare widely eroded along a complex, time
transgressive surface referred to here and in previous
g2 NJ |pastrifil a@nfaimityé PW. In placesPU
cuts the top basement, Tr250, Tr225, Tr220, and J200
surfaces forming a clear angular unconformity (Figure
3). The amount of erosion dfower Jurassiand older
strata below this surface varies, as does the age of
Jurassic strata that progressively onlagdttside of rift
basins, his peneplainsurfaceprobably formed through
the mergerof a number oferosive surfacethat formed
before rifting (e.g. erosion of elevated Appalachian
topography), in response to the onset of rifting (e.g. local
clastics supplied during denudation of the relief
immediately adjacent to rift basins), tnmediatelyafter
continental breakup (e.g. as remnant topography,
perhaps influenced by basin inversion, continued
evolve and shed sediment

The magnitude of erosioalong PUgererally decreases
moving seawardparticularly within the hanging walls of
more distal rift basins where the greatestift
accommodation developed and the least amount of
postrift exhumation took place(see also Posand
Coleman 201p In basins like the Oneida Graben
(described later), correlation othe PU is difficult as
several potential candidate surfaces (both erosive and
other discordancebke onlap surfacgssplay off the main
angularunconformity towards the hagingwall border
fautd 2 S OK2aS (2 OF NNBEwheieK S
it coincides withan onlap surface fanterpretedearliest
postrift (postPliensbachian?ytrata. The absence of
clear erosioncombined withthe subtle character of
onlapping strah above it, reduces the correlation
confidence of PUwhere rift and earliest postrift
accommodation were greates thesedistal rift basins
The overlyingearly postrift (upper Bathonian or lower
Callovian))163 marker was correlated with more confi
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Figure 7a Top basement depth structure map, correlated above the Tr250 unconformity, showing the base of the synrift
succession. Synriftgrabens shown in blue; positive relief basement elements showninred. See textfor details.
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Figure 7b Map of study area showing the top basement depth structure map overlain by the main synrift structural elements
that define the central LaHave Platform rift system. Synrift grabens shown in blue; positive relief basement elements shown
inred. See textfor details.
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Figure 8 Structure maps of the Tr225 (top) and Tr220 (bottom) markers, correlated through the landward and seaward
rift basins, respectively. Underlying greyscale grid is the top basement surface. Tr220 is a slightly younger mid-synrift
marker. There is no age calibration for either of these markers. See text for details, and Figure 7b forlegend.

dence and as such is a more accurate surface for combination of lithological changes and tuning effects
generating regional thickness maps. from stratigraphic thinning of overlying and underlying
postrift stratathat onlap the PUVariationsin phase ad
processingoetween different vintage seismic programs
exacerbate difficulties in marker correlation, but despite
these challenges, the J163 surface was correlated with a
moderate to highdegree of confidence.A number of
wellspenetrate he markemnwhere it corresponds mainly

to the impedance contrast between Misaine shale and
hard Scatarie oolitic limestone. The top surfacevigk-

The J163marker (Figure 10) ighe first seismic marker
that can be correlatedregionally above PU. It
corresponds toa strong peak immediately inboard the
carbonate bank edge, where it commonly forms a
downlap surfacefor subtle overlying clinoforms ithin

the Misaine Member Abenaki Formation) (Figure 3he
marker is more diffiglt to correlate landward, where it
undergoes several phase shifts likely produced by a
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Figure 9 Structure map of the J200 surface (top Glooscap volcanic marker merged with postrift unconformity). See text for details, and

Fiaure 7b for leaend.
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Figure 10 Structure map of the J163 surface. Note the continued subsidence above the central and western parts of the Naskapi and
Mohican grabens, as well as the Acadia and Abenaki grabens. Aseries of prominent to subtle inversion folds are present between the axis
and southern margin of the Mohican Graben. Relatively few basement faults are active, but Early to Middle Jurassic cover strata show

widespread detachment above the primary salt layer (red dashed faults) in the seaward direction. See text for details. Allochthonous salt
bodies from Deptuck and Kendell (2017).
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Figure 11 Structure map of the J150 surface, showing rimmed carbonate platform with a sharp bank edge and steep foreslope. The bank
edge is less sharp to the east where there was increased siliciclastic input. Note continued subsidence above the central and western parts
of the Naskapi and Mohican grabens, and eastern parts of the Abenaki Graben. Relatively few basement faults offset J150, but the outer
bank edge detaches above thin-skinned listric faults in the Acadia Graben and a large heavily rotated fragment of the carbonate bank has
detached above salt at the mouth of the Mohican Graben. Further seaward there is widespread evidence for detachment of Middle to Upper
Jurassic cover strata above the primary salt layer (red dashed faults). Allochthonous salt bodies from Deptuck and Kendell (2017).
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Figure 12 Structure map of the K130 surface, corresponding to the Barremian O-marker that caps Lower to mid Missisauga Formation
fluvial-deltaic clastics in the eastern study area, and the top of the Roseway Unit in the western study area (where carbonates continued to
accumulate into the Early Cretaceous). Underlying greyscale image is the J150 marker. Surface is offset across a number of listric faults that
sole into the primary saltlayerin the eastern study area near Sable Island. Allochthonous salt bodies from Deptuck and Kendell (2017).
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in upper Bathonian or lowe€allovian strata (Weston et
al. 2012), and hence J163 is an early postrift marker
(Figure 3).

The J150 marker (Figure 11) is a strong but variable
reflection that approximates the top of the Jurassic
Abenaki carbonate bank. Lik&63B, there is no single
J150 reflectionas themarker merges or diverges both
along strike and progressing from the bank edge towards
the inner bank. Increasedtealurassic clastic input from
the eastin the eastern study area places the J150 surface
above silicclastics of the lowermost Missisauga
Formation,where it is difficult to correlateitilies above
carbonates ofthe Abenaki Formation in the western
study area. J150 is a Tithonian marker (Weston et al.
2012)(Figure3).

TheK130marker (Figure 2) is a strong peak to trough
reflection that defines the top of the lower part of the
Missisauga Formation in the eastern study arddere
the reflector is arHauteriaviaroolitic limestone referred
to asthe Omarker(Wade and MacLeat®90;Weston et
al. 2012;Figure 3). In the westarstudy area the K130
marker merges with a peak abovevary strong trough
corresponding to a markein the upper parts ofthe
Roseway Unit; a lithologically mixed but condensed
lateral equivalent of the Missisauga Fornueti that
developed in areas further removed from siliciclastic
sediment input (Wade and MacLean 1990).

4 Pre and synrift lasirs of the LaHave Platform

Ten separate rift basingnd one candidate prerift basin
(described separatelyvere identified andmappedin
the study area(Figures 47; Table ) Individual rift
basins range frors45 to >160 km long and up to 40 km
wide, containingas much as$ km of strata.Figurel13
shows a scaledrosssectionalcomparison between type
seismic sectionscrosseach rit basin. Seven of these
basins are restricted to the platform, whereas the axes of
the remaininghree plungeoff the platformeither to the
southwest (Mohican, Acadia) or to the northeast
(Abenak].

Prominent heavily eroded and flatiopped basement
highs flank both sides of the six landwambst rift basins
(Mushaboom, East Emerald, Emerald, Kingsburg,
Naskapi, East Naskapi)The same style of basement
highs flank two additional rift basins (Mohican and
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Oneida), but on their landward side only, with much
more complicated segmented basement elements
composed of rotated fault blocks overlain by synrift
strata flanking their seaward sides. Onédt basin
(Acadia) is flanked on both sides by the latter. Rift l&asin
in the study area are commonly interconnected across
synthetic, convergent and divergent accommodation/
transfer zones gensuMorley et al. 1990).Strikeslip
offsets mark he boundaries between some rift basins,
but more commoty there are intricate fadt arrays
flexures (relay zones) and changes in basement
topographythat, along with changes in bulk sediment
thickness,mark the transition from one rift basin to
another, without an obvious shatpansferfault.

In terms of their broaescale structurbstyle,eightof the

ten rift basinsare classified as pdominantly half graben
structures Theirhinged (flexural) margm are heavily
eroded, with theopposing border fault margitaving
increased accommodatioand presening the thickest
and youngesigraben fill. Landwarddipping (antithetic¢
towards the northwest) border faults flank fiieasins
(East Emerald, Naskapi, Mohican, Acadia, and Oneida),
with a seawaredipping fault (synthetictowards the
southeast)flanking just one (Mushaboom)iwo form
hybrids (Kingsburg and Emerald) with border faults (and
opposing eroded hinged margins) switap from the
landward to the seaward sida the samerift basin Only
two of the basins(Abenaki and East Naskapi) are
classified adrue grabers with opposing lorder fault
marginsover most of their lengths

In terms of their finerscale structure and fill,ixs basins
contain numerous internal secondary faults that show a
significant amount of mid to late synriftormalslip, and

at leastfour experienced some degree t#te synrift to
early postrift inversion(Nakapi, EmeraldViohican and
Oneida) Two rift basins are flankedlso on one side
(Naskapi to the south and Abenaki to the north) by
border faultsthat were recetly reactivated,offsetting
Late Cretaceous or even younger strata, with stskp
movement indicated by young transpressional folds.
Seismic facies consistent with the Late Triassic salt
penetrated at Glooscap-&€3 (Mohican Graben)vere
identified in £gments of eight of these rift basirthree

of which(Mohican, Acadia, and Abenasl¥ocontain salt
diapirs along theiseawardplungingperipheries. CAMP
related volcanicsalso calibrated at Glooscap83)were
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correlated into six of these grabens, where they are best

preserved on the hanging walls adjacent to border faults
and large displacement secondary faults where
accommodation was greatest. Four of the rift basins
(Naskapi, Mohican,
significantly expanded intervals of late synrift tarkest
postrift fill (accommodated at least in part by salt
expulsion), and one basin (Oneida) contasnsclear
prerift stratigraphicsucession beneath synrift strata.
We describe e structure of each rift basin in more
detail below andin Table 1.

Eag Emerald Graben

The East Emerald GrabefFigure 14) is the most
proximalof the studiedrift basirs of the central LaHave
Platformrift zone(note that the Mushaboom fabenis
actuallylocated further landwardbut it is only partially
crossedby one seismic profile, and cannot be mapped
Figure7). It forms a 46 km long and up to 25 km wide
northeasttrending half graben, with a maximum
preserved fill of 1900 ms (or 4.2 km at 4.5 kn{/Bable
1). Seismic quality is fair to popno strike lires are
availableand o welk penetrateits fill. Hanking the half
grabento the northwestareelevated and heavily eroded
basement rocks of the undifferentiatdcaHavelatform,
and to the southeagshe Emerald Ridge. The main border
fault dipslandward (towards the northwes}, with the
thickest and youngestpreserved basin fillskewed
towards the Emerald Ridg@Hgure 14a) The hinged
(landward)margin isheavilyeroded,exposing older rift
basin strata along thprominentpostrift unconformity.

Two or three important secondarynormal faults offset
basement and the overlying graben filh the hanging
wall, eachwith between 150 and 250 ms ohaximum
throw. The density ofsmallerscalelandwarddipping
normal fauls generally increases towards the
northwestern half of the graben, wherg¢he flexed
basement shallows towards thendifferentiatedLaHave
Platform. Three profiles also show what appear to be
high angle reverse faults, but these cannotdoerelated
between the widely spaced profiles ithe existing
dataset so their orientations are unknownThey imply
that the East Emerald Grabeexperienced at leasta
small degree of compressianm transpression during the
synrift or early postrifphase
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Emerald Graben

The Emerald Grabe(Figure 14band 14¢ is located
southwest of the East Emerald Graben, forming a-left
stepping and partly overlapping basin with a complex
structure(Figures 4, J. Seismic quality is fair to poor and
one wellg Sambro {29 ¢ calibratests deeper fillabove a
rider block along its southeasternmargin (Figure 15;
discussed in a later sectionEmerald Graben is 73 km
long and up to 25 km wide, with a maximum preserved
fill of 2050 ms (or roughly 4.6 km at 4.5 km{$able 1)

Its southern boundary is the Sambro Ridgat branches
off the Emerald Ridgelts northern boundary is the
undifferentiatedLaHavélatform. Where theaxes of the
Emerald and East Emerald grabengrlap the Emerald
Ridgeseparates them Here,the postrift unconformity
exhumedolder synriftstratal £ 2y 3 (G KS
margin, and adense array of lovangle normal faults
offsets synrift strata,soing above the top basement
surface(see Figurdb).

The structure of the Emerald Grabgaries along strike
and is more complex than the Ea&merald Graben.
Sawarddipping (towards the southeast) border faults
flank thewestern partof the graben, whereagvo main
landwarddipping (towards the northwest) border faults
flank its eastern part. This produces amverlapping
convergent geometrysensuMorley et al. 199D with a
complexly faulted intrébasin high in the overlapping
region betweenthe opposing border faultgsee ale
work by Paul and Mitr&013) Heavily erodechinged
margirs lie oppaite to each (one landward andne
seawardof the corresponding border faultgJFigureb).
The maximum preserved sediment §ikews towardsits
northern border fault in thewest and towards its
southernborder fauls in the eastforming two distinct
depocentes offset from each otherby roughly 510 km
(Figure6a).

The westernpart of the Emerald Graben narrows
abruptly from 25 km to less than 10 km wide in part
because of ehanced erosion of both the hinged and
border fault margindeneath the postrift unconformity
(Figure #¢). Less than 1200 nof mainly early synrift
strata (2.7 km at 4.5 km)sare preserved here A sharp
left-stepping offset in thd_aHavePlatform defines the
southwestern most limit of th&merald Gaben.
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Figure 14 Representa-
tive seismic profiles
across a) East Emerald
Graben; b) Emerald
Graben (central); c)
Emerald Graben (west);
and d) Kingsburg
Graben. See Figure 6b
for line location.

8624 S6-5E/6E Line 145 5km

The Emerald Grabenlso thins abruptly to the east are offset by roughly 8 km toward the northwest
approaching the Emerald Riddaut its structure is more relative to the edge of the Emerald Ridge (FigtireAs
complex Here, ts two southern border faults, separated such,the eastern limitof the grabenprobably coincides
from each other by a prominent-24 km wide rider block with a northwesttrending lateal transfer fault with
ONBFSNNBR (G2 a (KS WandY o Narikeilp RiSpNiementZn® foddd ar@ AmdrdzstiBrigly m p
16), as well as the Sambro Ridge, terminate sharply and tilted early synrift strata at the Sambreé2D well location,
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and their abrupt truncation along the PU, is unique in the
study area. Combined with the roughly 30° northward
rotation of the Sambro rider block compared to the
Sambro Ridge, it is possible that the Sambro rider block
underwent wrenching during strikslip deformation,
with transpression deforming the eastern parts tbe
rider block and its synrift cover into a positive relief
structure that was subsequently heavily eroded. Younger
synrift strata appear only to have been accommodated
(or preserved) adjacent to the more northerly border
Fl dzf & 0 Wo 2 NReS N3 amd- 16kt

Kingsburg Graben

The Kingsburg Grabes a narrow northeasttrending
half grabenlocated southwest of the Emerald Graben
(Figure #d). Seismic quality here goor to very poor,
coverageis sparse and mapping results are tentative
No wells penetrate the fill of this graben. The Kingsburg
Graben is roughly 68 km long and up to 15 km wide,
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containingas much a4500 msof fill (or roughly 3.3 km

at 4.5 km/s). Its landward boundary is théaHave
Platform, offset sharply 10 km or so to the south
compared to the Emerald Graben.A number of
discontinuous ad laterally offset(gererally by < 5km)
unnamed basement elements define its seaward
boundary, and together with alternations between
landwarddipping and seawardipping border fauls,
separate the Kingsburg Graben into three segments
(Figure7). This narrow graben narrows furth&ill to the

HQ A Y soOthwasizNvere it isbarely discernable ando more

than 8 km wide heavily eroded along the postrift
unconformity.

A number of othersmall, poorly constrainedft basins
are recognizedouth of the Kingsburg Graben, but these
cannot beconfidentlymapped with the existing dataset,
and are not considered further.



