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Abstract 

This study provides an overview of the structure and fill of ten separate rift basins that underlie the central Scotian Shelf 

and Slope. All basins developed above decoupled continental crust, each flanked by important border faults that sole into 

multi-tiered mid-crustal shear zones that separate brittle upper crust from ductile lower to middle crust. Moderately 

stretched 25-30 km thick crust underpins the landward study area (proximal domain), thinning abruptly to 10-15 km thick 

in the seaward study area (necking domain). Individual rift basins range from <45 to >160 km long, are up to 40 km wide, 

and contain up to 6 km of strata.  Basins are dominantly half-graben and are flanked mainly by landward-dipping border 

faults with opposing heavily eroded hinged margins; only two are true grabens.  Four wells calibrate portions of the fill in 

two of these basins.  Sambro I-29 penetrating a sharply truncated and incomplete lower synrift succession in the Emerald 

Graben, composed mainly of poorly dated mixed-grade red beds.  Glooscap C-63, Moheida P-15, and Mohican I-100 

penetrate an incomplete upper synrift succession in the Mohican Graben composed mainly of late Norian to Rhaetian 

(Weston et al. 2012) halite or red fine-grained dolomitic siliciclastics, or some combination of the two.  One well (Glooscap 

C-63) also penetrated interpreted CAMP volcanics that, on the basis of seismic jump correlations, are present locally in six 

of the rift basins, heavily eroded along the postrift unconformity.  This study also documents, for the first time, a potential 

pre-rift succession that underpins parts of the Oneida Graben. 

1 Introduction and geological setting 

Most of our knowledge about bƻǾŀ {ŎƻǘƛŀΩǎ pre-

Quaternary offshore geology comes from the 

extrapolation of onshore geology combined with the 

study of offshore reflection seismic profiles and borehole 

data collected for the purpose of hydrocarbon 

exploration. Bedrock encountered in a number of 

offshore wells is consistent with onshore Paleozoic rocks 

that make up mainland Nova Scotia, emplaced during 

late Paleozoic Appalachian compressional or 

transpressional tectonics as Pangea was assembled (Pe-

Piper and Jansa 1999; Waldron et al. 2015).  More recent 

reactivation of pre-existing fabrics within these 

basement rocks took place in the early Mesozoic as 

Pangea fragmented under a dominantly extensional to 

transtensional tectonic regime. This produced a series of 

rift basins strongly aligned with these Paleozoic fabrics 

(Figure 1).  Triassic and Lower Jurassic strata exposed in 

cliffs around the edges of the Fundy Basin record this 

event (e.g. Olsen 1997; Leleu et al. 2009; Leleu and 

Hartley 2010). Lithospheric extension eventually gave 

way to seafloor spreading as oceanic crust accreted along 

the mid - Atlantic   Ridge  (Klitgord   and   Schouten   1986;  

 

Swanson 1986; Schlische et al. 2003).   

Offshore borehole and reflection seismic data-sets 

acquired since the late 1960s provided the foundation 

for a number of regional studies describing the post-

Paleozoic structural and stratigraphic development of 

bƻǾŀ {ŎƻǘƛŀΩǎ Atlantic margin (e.g. McIver 1972; Jansa 

and Wade 1975; Given 1977; Holser et al. 1988; Welsink 

et al. 1989; Wade and MacLean 1990; Fensome et al. 

2008; OETR 2011; Weston et al. 2012; Deptuck and 

Campbell 2012; Campbell et al. 2015; Deptuck and 

Kendell, 2017).  Data coverage across the outer shelf and 

slope is seemingly widespread (Figure 2), but data quality 

is unevenly distributed. For example, 3D seismic data-

sets are heavily biased towards the slope and in areas 

where hydrocarbons were discovered in the Sable 

Subbasin.  Likewise, although wildcat exploration wells 

were widely distributed during the earliest exploration 

cycle in the 1970s, the discovery of the Venture gas and 

condensate field by Mobil and partners in 1979 caused 

drilling to shift almost exclusively to test deep rollover 

anticlines in the Sable Subbasin, geographically skewing 

much of the subsequent borehole calibration. As such, 
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not all areas of the offshore have been studied equally, 

reflecting the anisotropy in data quality/availability and 

historical perceptions about hydrocarbon potential. 

This study focuses on a 40 000 km2 region of the central 

Lahave Platform that underpins the Scotian Shelf, mainly 

west of the more heavily explored Sable Subbasin 

(Figures 1, 2).  There are three notable early Mesozoic 

geological features here:  

(i) Rift basins - A series of poorly-calibrated 

continental to marginal marine synrift basins 

developed above Paleozoic crystalline 

basement in response to Middle Triassic to 

Early Jurassic lithospheric extension 

between Nova Scotia and Morocco;  

(ii) Carbonate Bank - A widespread carbonate 

bank with a well-developed 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;  

(iii) Sable Delta ς An increase in siliciclastic influx 

in the latest Jurassic to mid-Cretaceous took 

place as river systems built out adjacent to 

and eventually across the carbonate bank, 

burying the bank edge in the eastern study 

area in the Tithonian and the western study 

area by the Albian. 

Both the Jurassic carbonate bank (corresponding to the 

Abenaki Formation; Figure 3) and the uppermost Jurassic 

to mid-Cretaceous fluvial-deltaic clastics that eventually 

prograded over it (Missisauga and Logan Canyon 

formations; Figure 3) have been described in detail in a 

number of studies (e.g. Eliuk 1978; Welsink et al. 1989; 

Wade and MacLean 1990; Wierzbicki et al. 2002; Piper et 

al. 2004; Cummings and Arnott 2005; Kidston et al. 2005;  

Cummings et al. 2006; Deptuck 2008; OETR 2011; Piper 

et al. 2012;  Qayyum et al. 2015), in part because these 

stratigraphic units contain known hydrocarbon-bearing 

reservoirs.  In contrast, despite accounting for more than 

half the total stratigraphic thickness on the LaHave 

Platform (compare Figure 4a and 4b), relatively little 

work has been published on the Upper Triassic to Lower 

Jurassic synrift succession beneath the central Scotian 

Shelf.  The stratigraphic succession in Figure 4a records 

the break-up of Pangea and early separation of Nova 

Scotia from Morocco, and as such is important for 

understanding how the early Atlantic Scotian margin 

developed.  We are not aware of any detailed studies of 

the rift basins that underpin 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 and Kendell 

(2017).  In part, this is a consequence of limited 

exploration interest in this region over the past three 

decades, and resulting dearth of good-quality reflection 
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seismic profiles and wells to calibrate their fill.   

To help bridge this gap, we have assembled and 

interpreted all available reflection seismic data-sets 

collected over the past five decades ς including those 

archived only on paper or microfiche ς in an attempt to 

build a robust multi-vintage data-set with the most 

complete coverage possible across the central LaHave 

Platform (Figure 2). Despite significant data-quality 

limitations, a number of seismic surfaces were 

confidently correlated across the study area, as were a 

large number of basement-involved faults, enabling us to 

produce a series of isopach maps calibrated to a handful 

of wells, and to establish a detailed fault framework for 

the study area.  This study aims to address some of the 

basic, first-order questions about these rift basins. How 

many rift basins are there and how much sediment do 

they contain? What are their dimensions and structure? 

Are there regional variations in their structural style or 

patterns in their fill?  The results provide insight into 

broad-scale pre-, syn-, and postrift structural and 

stratigraphic development of the central LaHave 

Platform and more generally help elucidate how the 

proximal margin evolved during lithospheric necking.  

These results can also be used as a starting point for 

evaluating the exploration potential (and challenges) of 

ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ǊƛŦǘ ǎȅǎǘŜƳ. 

2 Data-set and approach 

To study the seismic stratigraphy of the central LaHave 

Platform, we compiled an extensive suite of analogue 

and digital 2D seismic surveys from 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 in-house and loaded into a digital workstation 

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 NS24-W30-1P), but 

some misties were unavoidable (generally smaller than 

20 ms).  Despite wide variations in data 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 shot-point maps and major geological features 

mapped on intersecting seismic profiles  (like  basement
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border faults, basement highs, the edge of the carbonate 

bank or the modern continental shelf edge) were used to 

reconcile such situations.  It is possible that navigation 

inaccuracies remain on some profiles, but errors are 

likely to be less than 500 m.    

{ŜƛǎƳƛŎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ǿŀǎ ǳƴŘŜǊǘŀƪŜƴ ǳǎƛƴƎ tŜǘǊŜƭϰ 

software, with time-depth relationships derived from 20 

wells using checkshot surveys to calibrate sonic logs and 

through generation of synthetic seismograms.  Building 

on the seismic 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 fault-framework was 

ōǳƛƭǘ ƛƴ tŜǘǊŜƭϰΦ ¢ƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ōŀǎŜƳŜƴǘ-

offsetting faults are shown in Figure 5.  A four-layer 

velocity model (water column, seabed to J150, J150 to 

J163 and J163 to Top Basement) was built for conversion 

of interpreted surfaces into depth, using time-depth 

relationships from calibrated sonic logs in 17 of the wells 

(Figure 6a), and using an interval velocity of 4.5 km/s for  
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the sparsely penetrated Lower Jurassic and older 

successions below the J163 marker.  

Most of the wells in Figures 2 and 4 strongly cluster along 

the eastern edge of the study area, near or in the proven 

Sable Subbasin. Nine wells are scattered above the 

LaHave Platform, west of the Sable Subbasin (Figure 6a). 

They are widely-spaced, and seven of them were 

ǎǇǳŘŘŜŘ ǇǊƛƻǊ ǘƻ мфту ŘǳǊƛƴƎ bƻǾŀ {ŎƻǘƛŀΩǎ ŜŀǊƭƛŜǎǘ 

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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3 Seismic surfaces and structure maps 

We correlated thirteen regional to sub-regional seismic 

markers throughout the study area, as well as a number 

of more local markers. The most important markers for 

this study lie within Lower Cretaceous and older strata 

(Figure 3).  Figures 7 through 12 show depth structure 

maps of these surfaces. The Top Basement marker is the 

deepest surface interpreted (Figures 1, 7a, b), 

corresponding to the top of Cambrian-Ordovician 

Meguma metasedimentary rocks and associated 

Devonian plutonic rocks that intrude them (calibrated at 

Naskapi N-30 and Ojibwa E-07, respectively) (Pe-Piper 

and Jansa 1999). It forms a moderate to high amplitude 

reflection where overlain by thin, young cover strata, but 

commonly produces little or no seismic reflection where 

overlain by older (pre-Middle Jurassic), higher 

impedance strata. In such areas, we carried "top 

basement" along the interpreted base of layered cover 

strata, guided in part by the fault framework shown in 

Figure 5. In some areas ς particularly beneath the 

thickest parts of rift basins ς the exact placement of this 

marker has a high degree of uncertainty. 

In the central study area, a prominent angular 

unconformity (Tr250) separates an older prerift(?) 

layered and heavily folded stratigraphic succession from 

younger synrift strata.  No wells penetrate Tr250 and the 

marker cannot be projected with confidence beyond the 

Oneida Graben (Figure 7a). The unconformity probably 

formed in the Late Paleozoic during the final assembly of 

Pangea (discussed later).  We correlated three markers 

(Tr225, Tr220, and J200; Figure 3) through the fill of a 

number of Triassic rift basins that underpin the study 

area (Figures 5a, 7a). To produce more regionally exten- 

sive surfaces and thickness maps, each of these markers
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was merged with the younger postrift unconformity that, 

at different locations, truncates them.  

The Tr225 marker (Figure 8) is 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 reflective interval above.  

Tr225 could not be correlated with confidence into the 

distal parts of the Oneida and Mohican grabens, where 

reflection amplitude diminishes or seismic imaging 

deteriorates.  The slightly shallower Tr220 marker can be 

carried more widely across the seaward parts of the 

study area (within and seaward of the Oneida, Mohican, 

Acadia, and Abenaki grabens) where it corresponds to a 

faulted bright amplitude reflection (Figure 8).  Erosion of 

the late synrift interval and loss of reflection character 

hinders correlation of this marker landward into the 

Naskapi Graben, however the marker appears to merge 

with or lie just above Tr225 in the easternmost Nakapi 

Graben (near the base of a distinctly lower amplitude 

later synrift interval).  Both markers overlap in the 

landward parts of the Mohican and Oneida grabens, 

where they form separate diverging markers.   In the 

Mohican Graben, Tr220 defines an approximate base to 

the Late Triassic primary salt layer, separating folded and 

more continuous mixed amplitude reflections above 

(corresponding to bedded salt or a lateral equivalent) 

from more heavily faulted mixed amplitude reflections 

below. The Tr220 marker becomes increasingly reflective 

in the western parts of the Mohican Graben, within the 

Acadia and Abenaki grabens, and moving into deeper 

water.  It is possible that the marker corresponds to a 

volcanic or carbonate layer in these locations. No age 

calibration is available for either of these markers and 

their names are arbitrary.  

The J200 marker (Figure 9) corresponds to a strong peak-

trough doublet reflection that is distinctive and shown at 

Glooscap C-63 to correspond to the reflection response 

from a 152 m thick basalt layer emplaced conformably 

above Late Triassic halite with interbeds of dolomitic 

shales and siltstones.  The strong reflection produced by 

the basalt is concordant with underlying reflections, does 

not appear to cross-cut other events, and was jump 

correlated to the hanging wall in a number of grabens.  It 

probably corresponds to the top of ~200 Ma CAMP-

related basaltic lava flows, making it a very important 

time marker (Figure 3).  If correct, J200 separates pre-

CAMP strata below from post-CAMP strata above ς and 

approximates a base-Jurassic marker.  J200 is difficult to 

correlate east of the Oneida Graben. Instead, the 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 Graben), where the basalt appears to be 

absent.  

The J200 volcanic and the underlying/overlying synrift 

succession are widely eroded along a complex, time-

transgressive surface referred to here and in previous 

ǿƻǊƪ ŀǎ ǘƘŜ άpostrift unconformityέ όPU).  In places, PU 

cuts the top basement, Tr250, Tr225, Tr220, and J200 

surfaces, forming a clear angular unconformity (Figure 

3). The amount of erosion of Lower Jurassic and older 

strata below this surface varies, as does the age of 

Jurassic strata that progressively onlap it. Outside of rift 

basins, this peneplain surface probably formed through 

the merger of a number of erosive surfaces that 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), or immediately after 

continental break-up (e.g. as remnant topography, 

perhaps influenced by basin inversion, continued to 

evolve and shed sediment).  

The magnitude of erosion along PU generally decreases 

moving seaward, particularly within the hanging walls of 

more distal rift basins where the greatest rift 

accommodation developed and the least amount of 

post-rift exhumation took place (see also Post and 

Coleman 2015).  In basins like the Oneida Graben 

(described later), correlation of the PU is difficult as 

several potential candidate surfaces (both erosive and 

other discordances like onlap surfaces) splay off the main 

angular unconformity towards the hanging-wall border 

faultΦ ²Ŝ ŎƘƻǎŜ ǘƻ ŎŀǊǊȅ ǘƘŜ t¦ ƳŀǊƪŜǊ ΨǎƘŀƭƭƻǿΩΣ where 

it coincides with an onlap surface for interpreted earliest 

postrift (post-Pliensbachian?) strata.  The absence of 

clear erosion combined with the subtle character of 

onlapping strata above it, reduces the correlation 

confidence of PU where rift and earliest postrift 

accommodation were greatest in these distal rift basins.  

The overlying early postrift (upper Bathonian or lower 

Callovian) J163  marker  was correlated with more confi-
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dence, and as such is  a  more  accurate  surface  for 

generating regional thickness maps. 

The J163 marker (Figure 10) is the first seismic marker 

that can be correlated regionally above PU. It 

corresponds to a strong peak immediately inboard the 

carbonate bank edge, where it commonly forms a 

downlap surface for subtle overlying clinoforms within 

the Misaine Member (Abenaki Formation) (Figure 3). The 

marker is more difficult to correlate landward, where it 

undergoes several phase shifts likely produced by a 

combination of lithological changes and tuning effects 

from stratigraphic thinning of overlying and underlying 

post-rift strata that onlap the PU. Variations in phase and 

processing between different vintage seismic programs 

exacerbate difficulties in marker correlation, but despite 

these challenges, the J163 surface was correlated with a 

moderate to high degree of confidence.  A number of 

wells penetrate the marker where it corresponds mainly 

to the impedance contrast between Misaine shale and 

hard Scatarie oolitic limestone.  The top surface lies with- 
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in upper Bathonian or lower Callovian 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. Like J163, there is no single 

J150 reflection as the marker merges or diverges both 

along strike and progressing from the bank edge towards 

the inner bank.  Increased Late Jurassic clastic input from 

the east in the eastern study area places the J150 surface 

above siliciclastics of the lowermost Missisauga 

Formation, where it is difficult to correlate; it lies above 

carbonates of the Abenaki Formation in the western 

study area.  J150 is a Tithonian marker (Weston et al. 

2012) (Figure 3). 

The K130 marker (Figure 12) is a strong peak to trough 

reflection that defines the top of the lower part of the 

Missisauga Formation in the eastern study area.  Here 

the reflector is an Hauteriavian oolitic limestone referred 

to as the O-marker (Wade and MacLean 1990; Weston et 

al. 2012; Figure 3).  In the western study area the K130 

marker merges with a peak above a very strong trough 

corresponding to a marker in the upper parts of the 

Roseway Unit ς a lithologically mixed but condensed 

lateral equivalent of the Missisauga Formation that 

developed in areas further removed from siliciclastic 

sediment input (Wade and MacLean 1990). 

4 Pre- and synrift basins of the LaHave Platform  

Ten separate rift basins and one candidate prerift basin 

(described separately) were identified and mapped in 

the study area (Figures 4, 7; Table 1).  Individual rift 

basins range from <45 to >160 km long and up to 40 km 

wide, containing as much as 6 km of strata. Figure 13 

shows a scaled cross-sectional comparison between type 

seismic sections across each rift basin.  Seven of these 

basins are restricted to the platform, whereas the axes of 

the remaining three plunge off the platform either to the 

southwest (Mohican, Acadia) or to the northeast 

(Abenaki).  

Prominent, heavily eroded and flat-topped basement 

highs flank both sides of the six landward-most rift basins 

(Mushaboom, East Emerald, Emerald, Kingsburg, 

Naskapi, East Naskapi).  The same style of basement 

highs flank two additional rift basins (Mohican and 

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. One rift basin 

(Acadia) is flanked on both sides by the latter. Rift basins 

in the study area are commonly interconnected across 

synthetic, convergent and divergent accommodation/ 

transfer zones (sensu Morley et al. 1990). Strike-slip 

offsets mark the boundaries between some rift basins, 

but more commonly there are intricate fault arrays, 

flexures (relay zones), and changes in basement 

topography that, along with changes in bulk sediment 

thickness, mark the transition from one rift basin to 

another, without an obvious sharp transfer fault.  

In terms of their broad-scale structural style, eight of the 

ten rift basins are classified as predominantly half graben 

structures. Their hinged (flexural) margins are heavily 

eroded, with the opposing border fault margin having 

increased accommodation and preserving the thickest 

and youngest graben fill. Landward-dipping (antithetic; 

towards the northwest) border faults flank five basins 

(East Emerald, Naskapi, Mohican, Acadia, and Oneida), 

with a seaward-dipping fault (synthetic; towards the 

southeast) flanking just one (Mushaboom). Two form 

hybrids (Kingsburg and Emerald) with border faults (and 

opposing eroded hinged margins) switching from the 

landward to the seaward side in the same rift basin. Only 

two of the basins (Abenaki and East Naskapi) are 

classified as true grabens with opposing border fault 

margins over most of their lengths.   

In terms of their finer-scale structure and fill, six basins 

contain numerous internal secondary faults that show a 

significant amount of mid to late synrift normal slip, and 

at least four experienced some degree of late synrift to 

early postrift inversion (Nakapi, Emerald, Mohican and 

Oneida). Two rift basins are flanked also on one side 

(Naskapi to the south and Abenaki to the north) by 

border faults that were recently reactivated, offsetting 

Late Cretaceous or even younger strata, with strike-slip 

movement indicated by young transpressional folds.  

Seismic facies consistent with the Late Triassic salt 

penetrated at Glooscap C-63 (Mohican Graben) were 

identified in segments of eight of these rift basins, three 

of which (Mohican, Acadia, and Abenaki) also contain salt 

diapirs along their seaward-plunging peripheries.  CAMP-

related volcanics (also calibrated at Glooscap C-63) 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, Acadia, and Abenaki) contain 

significantly expanded intervals of late synrift to earliest 

postrift fill (accommodated at least in part by salt 

expulsion), and one basin (Oneida) contains a clear 

prerift stratigraphic succession beneath synrift strata.  

We describe the structure of each rift basin in more 

detail below and in Table 1. 

East Emerald Graben 

The East Emerald Graben (Figure 14a) is the most 

proximal of the studied rift basins of the central LaHave 

Platform rift zone (note that the Mushaboom Graben is 

actually located further landward, but it is only partially 

crossed by one seismic profile, and cannot be mapped; 

Figure 7).  It forms a 46 km long and up to 25 km wide 

northeast-trending half graben, with a maximum 

preserved fill of 1900 ms (or 4.2 km at 4.5 km/s) (Table 

1). Seismic quality is fair to poor; no strike lines are 

available and no wells penetrate its fill.  Flanking the half 

graben to the northwest are elevated and heavily eroded 

basement rocks of the undifferentiated LaHave Platform, 

and to the southeast the Emerald Ridge. The main border 

fault dips landward (towards the northwest), with the 

thickest and youngest preserved basin fill skewed 

towards the Emerald Ridge (Figure 14a).  The hinged 

(landward) margin is heavily eroded, exposing older rift-

basin strata along the prominent postrift unconformity.  

Two or three important secondary normal faults offset 

basement and the overlying graben fill on the hanging 

wall, each with between 150 and 250 ms of maximum 

throw.  The density of smaller-scale landward-dipping 

normal faults generally increases towards the 

northwestern half of the graben, where the flexed 

basement shallows towards the undifferentiated LaHave 

Platform. Three profiles also show what appear to be 

high angle reverse faults, but these cannot be correlated 

between the widely spaced profiles in the existing 

dataset, so their orientations are unknown.  They imply 

that the East Emerald Graben experienced at least a 

small degree of compression or transpression during the 

synrift or early postrift phase.  

Emerald Graben 

The Emerald Graben (Figure 14b and 14c) is located 

southwest of the East Emerald Graben, forming a left-

stepping and partly overlapping basin with a complex 

structure (Figures 4, 7).  Seismic quality is fair to poor and 

one well ς Sambro I-29 ς calibrates its deeper fill above a 

rider block along its southeastern margin (Figure 15; 

discussed in a later section).  Emerald 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/s) (Table 1). 

Its southern boundary is the Sambro Ridge that branches 

off the Emerald Ridge. Its northern boundary is the 

undifferentiated LaHave Platform.  Where the axes of the 

Emerald and East Emerald grabens overlap, the Emerald 

Ridge separates them.  Here, the postrift unconformity 

exhumed older synrift strata ŀƭƻƴƎ ǘƘŜ ōŀǎƛƴΩǎ ƘƛƴƎŜŘ 

margin, and a dense array of low-angle normal faults 

offsets synrift strata, soling above the top basement 

surface (see Figure 15).   

The structure of the Emerald Graben varies along strike 

and is more complex than the East Emerald Graben.  

Seaward-dipping (towards the southeast) border faults 

flank the western part of the graben, whereas two main 

landward-dipping (towards the northwest) border faults 

flank its eastern part.  This produces an overlapping 

convergent geometry (sensu Morley et al. 1990) with a 

complexly faulted intra-basin high in the overlapping 

region between the opposing border faults (see also 

work by Paul and Mitra 2013).  Heavily eroded hinged 

margins lie opposite to each (one landward and one 

seaward of the corresponding border faults) (Figure 5). 

The maximum preserved sediment fill skews towards its 

northern border fault in the west, and towards its 

southern border faults in the east, forming two distinct 

depocentres offset from each other by roughly 5-10 km 

(Figure 6a).  

The western part of the Emerald Graben narrows 

abruptly from 25 km to less than 10 km wide in part 

because of enhanced erosion of both the hinged and 

border fault margins beneath the postrift unconformity 

(Figure 14c).  Less than 1200 ms of mainly early synrift 

strata (2.7 km at 4.5 km/s) are preserved here.  A sharp 

left-stepping offset in the LaHave Platform defines the 

southwestern most limit of the Emerald Graben.   
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The Emerald Graben also thins abruptly to the east 

approaching the Emerald Ridge, but its structure is more 

complex.  Here, its two southern border faults, separated 

from each other by a prominent 4-7 km wide rider block 

όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ Ψ{ŀƳōǊƻ ǊƛŘŜǊ ōƭƻŎƪΩΤ CƛƎǳǊŜǎ мр and 

16), as well as the Sambro Ridge, terminate sharply and 

are offset by roughly 3-4 km toward the northwest 

relative to the edge of the Emerald Ridge (Figure 7).  As 

such, the eastern limit of the graben probably coincides 

with a northwest-trending lateral transfer fault with 

strike-slip displacement. The folded and more strongly 

tilted early synrift strata at the Sambro I-29 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 strike-slip deformation, 

with transpression deforming the eastern parts of the 

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 

Ŧŀǳƭǘ όΨōƻǊŘŜǊ Ŧŀǳƭǘ нΩ ƛƴ CƛƎǳǊes 15 and 16). 

Kingsburg Graben  

The Kingsburg Graben is a narrow northeast-trending 

half graben located southwest of the Emerald Graben 

(Figure 14d).  Seismic quality here is poor to very poor, 

coverage is 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, 

containing as much as 1500 ms of fill (or roughly 3.3 km 

at 4.5 km/s).  Its landward boundary is the LaHave 

Platform, offset sharply 10 km or so to the south 

compared to the Emerald Graben.  A number of 

discontinuous and laterally offset (generally by < 5km) 

unnamed basement elements define its seaward 

boundary, and together with alternations between 

landward-dipping and seaward-dipping border faults, 

separate the Kingsburg Graben into three segments 

(Figure 7).  This narrow graben narrows further still to the 

southwest, were it is barely discernable and no more 

than 8 km wide, heavily eroded along the postrift 

unconformity. 

A number of other small, poorly constrained rift basins 

are recognized south of the Kingsburg Graben, but these 

cannot be confidently mapped with the existing dataset, 

and are not considered further.   


