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Abstract

In 2008, the U.S. Geological Survey assessed the potential
for undiscovered oil and gas resources of the Franklinian Shelf
Province of northern Canada and Greenland as part of the U.S.
Geological Survey Circum-Arctic Resource Appraisal Program.
The Franklinian Shelf Province lies along the northernmost
edge of the North American craton in Greenland and Canada.

It encompasses a Cambrian through Middle Devonian passive
margin sequence deposited on the margin of an ocean formed by
rifting and seafloor spreading that began in latest Precambrian
time and continued into Ordovician time. In the Canadian part of
the province, the passive margin sequence is overlain by a thick
succession of Devonian clastic strata shed from uplifts produced
by the Caledonian collision between Laurentia and Baltica

that closed Iapetus Ocean. The late Silurian to Early Devonian
Boothia-Cornwallis uplifts within the region, apparently a distal
effect of earlier phases of the Caledonian collision, were local
sources of clastic wedges within the predominantly carbonate
shelf sequence. Much of the northern part of the province was
subjected to folding and thrusting during Late Devonian to
earliest Carboniferous Ellesmerian deformation, followed by

a prolonged period of erosion. The eastern part of the province
again experienced transpressive and compressive deformation as
Greenland converged with North America during the early Tertiary
Eurekan orogeny.

Potential source rocks include Ordovician to Lower
Devonian shales that contain abundant oil-prone organic matter,
deposited on the outer continental shelf and slope. The most
likely source rocks are Silurian strata, deposited as the continental
shelf was drowned by a marine transgression caused by regional
subsidence most likely associated with thrust loading. Potential
source rocks in Greenland also may include organic-rich
Cambrian shales deposited on the continental shelf. Rapid burial
by thick Caledonian-derived strata in Late Devonian time abruptly
matured the source rocks and generated oil; continued rapid
burial may have cracked much of the accumulated oil to gas. In
North Greenland, oil generation may have resulted from burial by

now-eroded Devonian strata or from burial by Ellesmerian thrust
sheets. Widespread bitumen in outcrops and in exploration wells
appears to confirm that oil was indeed generated.

Potential reservoirs include Cambrian nearshore clastic
strata, Cambrian to Silurian carbonate bank strata, and Silurian
to Middle Devonian reef buildups on the drowned shelf. Because
Ellesmerian deformation postdated migration, only stratigraphic
traps are likely, except in the area of the Boothia-Cornwallis uplift,
a north-trending, structurally elevated zone, where structural
traps formed by late Silurian to Early Devonian deformation
are possible. It is unlikely that any large accumulations survived
subsequent deformation or uplift and erosion.

Three assessment units were defined: the Western
Franklinian Shelf, the Boothia-Cornwallis Uplift, and the Eastern
Franklinian Shelf Assessment Units. These assessment units were
not quantitatively assessed, mostly because of the high risk to
timing and preservation.

Introduction

In 2008, the U.S. Geological Survey (USGS) completed an
appraisal of undiscovered, technically recoverable, conventional
oil and gas resources north of the Arctic Circle. Results of that
assessment, the Circum-Arctic Resource Appraisal (CARA),
include aggregate, probabilistic resource estimates for the entire
Arctic region (Gautier and others, 2009, 2011) based on geological
evaluation of all the basins wholly or partially north of the Arctic
Circle. Basins considered to have at least a 10 percent chance of
hosting an oil accumulation larger than 50 million barrels of oil
(MMBO) or a gas accumulation larger than 300 billion cubic feet
of gas (BCFG) were assessed using the methodology described
in Charpentier and Gautier (2011) and Charpentier (this volume,
chap. B). The location and extent of the basins evaluated are
delimited in Grantz and others (2010, 2011). This report is a
summary of the geologic information and evaluation that underlies
the assessment of potential undiscovered oil and gas resources in
the Franklinian Shelf Province.
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Franklinian Shelf Province Description

Province Boundary Definition

The Franklinian Shelf Province consists of the lower
Paleozoic passive margin of northernmost North America and
Greenland, along with overlying Devonian foreland basin strata
in the Canadian part of the province (fig. 1). The province
extends from northwesternmost Canada near the Mackenzie
Delta through the Arctic Islands and the northern Canadian
mainland across Nares Strait to northern Greenland. The southern
boundary of the province is defined as the unconformity along
which the Paleozoic passive margin strata rest on Precambrian
rocks. The boundary runs eastward near the northern coast of
the Canadian mainland from the Northwest Territories to Baffin
Island and along the east side of the Brodeur Peninsula on
northwest Baffin Island. It skirts the western end of Lancaster
Sound, crosses Devon Island to Ellesmere Island, parallels the
east side of Ellesmere Island almost to its northeasternmost tip,
and then follows the southern limit of Paleozoic strata across
northern Greenland. The northern boundary of the province is
defined as the contact of platform and overlying Mississippian
and younger strata in the Canadian Arctic Islands and Greenland.
Assessment units within the province project north of the
province boundary in the subsurface of the Canadian Arctic
Islands to the approximate position of the early Paleozoic shelf
edge, now buried beneath the southern flank of the Sverdrup
Basin. Southwest of the Sverdrup Basin, the northern boundary
follows the northern extent of the platform sequence, where it
is fragmented by Mesozoic rift basins, and continues southwest
through Banks Island to an arbitrary junction with the northern
boundary of the Northern Interior Basins Province.

Tectonic Evolution

Neoproterozoic northern Canada and Greenland are
thought to have been part of a large intracratonic basin within
the supercontinent Rodinia (Li and others, 2008). Between
1,270 Ma and 723 Ma, this basin accumulated fluvial and shallow
marine sediments derived from the Grenville orogen far to the
southeast in what is now eastern North America (Rainbird and
others, 1996, 1997). Most reconstructions of Rodinia place Arctic
Alaska adjacent to northern Canada, with Siberia beyond (for
example, Li and others, 2008), indicating that the basin probably
extended some distance to the north. Mafic, possibly plume-
associated magmatism in northern Canada at 780 Ma and 723 Ma
(Heaman and others, 1992; Harlan and others, 2003) signaled the
impending breakup of Rodinia, although the precise time of the
onset of Neoproterozoic seafloor spreading is uncertain. Breakup
is bracketed by the eruption of basalt in the intracratonic basin
at 723 Ma and by marine deposition in Early Cambrian time
(Dewing and others, 2004). Dike swarms dated as 600 Ma farther
south in the Appalachian orogen signal separation of the Laurentia
and Baltica continents and likely beginning of oceanic crust
generation in the intervening lapetus Ocean at about that same

time (Gee and others, 2008). Deposition of a Cambrian through
Lower Devonian passive margin sequence followed, accumulating
to as much as 9 kilometers (km) (Trettin and others, 1991; Higgins
and others, 1991) of carbonate and mudstone with subordinate
sandstone. Subduction of Iapetus oceanic crust beneath both
Laurentia and Baltica probably began in Early Ordovician time
(Dewing and Nowlan, 2006; Gee and others, 2008). By middle
Silurian time, the Iapetus Ocean had closed, and sediments eroded
from resulting uplifts were accumulating on the continental

slope north of Greenland as the Peary Land Group, an extensive
west-prograding submarine fan complex (Surlyk and Hurst,

1984). In late Silurian to Early Devonian time, Baltica underthrust
Laurentia, creating the Caledonian collisional belt in what is now
east Greenland and Scandinavia (Gee and others, 2008). During
this collisional event in the late Silurian, a sliver of Proterozoic
crust and overlying Paleozoic strata—the Pearya Terrane (Trettin,
1987; fig. 1)—accreted to northern Ellesmere Island.

To the south, the north-south trending Boothia-Cornwallis
and Inglefield basement uplifts in northeastern Canada and
northwestern Greenland were formed, apparently as a distal effect
of concurrent Caledonian collision farther east. The uplifts shed
local accumulations of sand and conglomerate into flanking lows
during late Silurian to Early Devonian time (Okulitch and others,
1986; Okulitch, 1991; Smith and Okulitch, 1991; de Freitas and
Mayr, 1993). In Middle and Late Devonian time, great volumes
of clastic strata prograded southwestward from the Caledonian
collisional welt, burying the Arctic passive margin under a
foreland basin clastic wedge that approached 7 km in thickness
(Embry, 1991; Patchett and others, 2004, Anfinson and others,
2013). During the later stages of clastic wedge deposition, the
Ellesmerian orogeny, a relatively brief Late Devonian to Early
Mississippian compressional event of uncertain origin, created a
south-verging thrust belt along the former early Paleozoic shelf
margin (Fox, 1985; Soper and Higgins, 1990; Okulitch, 1991;
Harrison, 1995a, b; Higgins and others, 1998).

After Ellesmerian deformation ended, a Carboniferous
episode of rifting, subsidence, and volcanism took place along the
northern margin of the province in Canada, forming the Sverdrup
Basin, evidenced by normal faulting and deposition of nonmarine
lacustrine strata, alluvial and fluvial red beds, and evaporites.
Marine transgression followed, with deposition of mostly shallow
marine and deltaic strata in the Sverdrup Basin. Deposition
continued from late Paleozoic through Mesozoic time, burying
the northern flank of the Franklinian sequence to depths as great
as 13 km. Similar sequences were deposited in areas to the east, in
the Wandel Sea Basin (Hékansson and others, 1991) and probably
in the Lincoln Sea (Serensen and others, 2011). In Jurassic and
Early Cretaceous time, rifting and seafloor spreading began north
of the Sverdrup Basin, forming the Amerasian Basin of the Arctic
Ocean, with intrusion of mafic dikes and normal faulting on the
former Franklinian Shelf as a distal effect. Following this period
of extensional tectonism, a major deformational episode began
in Paleocene time and lasted through the Eocene. Contraction
produced the southwest- and west-vergent Eurekan thrust belt
in the eastern part of the province, where thrusts have lower
Paleozoic strata in their hanging walls and Paleogene strata in their
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footwalls. Farther west, milder deformation prevailed, with uplift,  Province Strati grap hy and Structural Geolo g

folding, and faulting as far west as Prince Patrick Island (Harris
and Brent, 2005). Eurekan deformation was a result of relative
motion between Greenland and North America as the Labrador

Sea opened, beginning as transpression in Paleocene time about

62 Ma and transitioning to compressive motion that lasted until
near the end of Eocene time (Harrison and others, 1999).
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Figure 1. Index map showing location of Franklinian Shelf Province (tan line) and the three defined assessment units (AUs)
(dashed purple lines). The assessment units extend north in the subsurface to the lower Paleozoic shelf edge, beyond the surface
boundary of the Franklinian Shelf Province with the overlying Sverdrup Basin Province. The province consists of the lower
Paleozoic continental shelf, composed predominantly of Cambrian through Lower Devonian carbonates and shale, and overlying
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Figure 2. Stratigraphic chart for central part of Franklinian Shelf Province, modified from Dewing and Embry (2007). Fm., Formation.

Hazen Formation (Trettin and others, 1991; Harrison, 1995a).
Thin, craton-derived shallow marine quartzose and arkosic
sandstones are also present, particularly in the lower part of the
wedge. The carbonate rocks consist dominantly of limestone
and dolomite deposited on banks and reefs and calcareous
mudstone deposited in deeper water between the banks.
Cambrian and lower Lower Ordovician strata were deposited on
an essentially planar carbonate ramp that terminated in a steep
slope to the north. Later in Early Ordovician time, a string of
shelf-edge carbonate buildups grew, isolating the shelf from the
open ocean and leading to deposition of Ordovician evaporite
and associated dolomite in intrashelf basins (Lower Ordovician
Baumann Fiord and the Lower to Middle Ordovician Bay Fiord
Formations). In Late Ordovician time, water depths increased,
and a rim of “keep-up” reefs grew on the drowned shelf edge.

The Silurian through Lower Devonian part of the shelf sequence
is characterized by these shelf-edge buildups, the position of
which shifted through time (de Freitas and others, 1992, 1993,
1999). An organic-rich mudstone shelf facies, the Cape Phillips
Formation and equivalents, was deposited in the area between
the buildups and the shallow-water carbonate strata (fig. 2).
Lower Paleozoic stratigraphy in northern Greenland
(fig. 3) is similar to that of northern Canada, except for a
greater proportion of coarse clastic strata in the Silurian part
of the section. Lower to Middle Cambrian shallow marine
clastic and dolomitic strata rest on crystalline basement or
on Proterozoic strata and are overlain by an Upper Cambrian
through lower Silurian carbonate platform, typically 3,000 to
4,000 meters (m) thick (Dawes and Soper, 1973; Christiansen,
1989; Higgins and others, 1991, Henriksen and Higgins,
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1998). The carbonate platform was bounded on the north by

a steep slope, the Navarana Fjord escarpment, north of which
a much thinner sequence of starved-basin slope and basinal
fine-grained mudstones was deposited. In early Silurian time,
turbidites derived from the nascent Caledonian collisional belt
to the east began to accumulate at the foot of the Navarana
Fjord escarpment, forming a thick and extensive submarine
fan system that has a thickness as great as 5,000 m (Hurst and
others, 1983; Henriksen and Higgins, 1998). The fan system
rapidly filled the offshore basin, loaded the continental margin,
and lapped southward over the Navarana Fjord escarpment,
drowning the carbonate bank and triggering the growth of
more “keep-up” carbonate reef buildups as much as 800 m
thick along the northern rim of the shelf (de Freitas and
Nowlan, 1998). Upper Silurian (Ludlovian) strata include
chert conglomerates shed from uplifted and eroded Ordovician
starved-basin deposits as far as 600 to 800 km to the east
(Henriksen and Higgins, 1998). Although strata younger than
earliest Devonian are absent, Devonian rocks derived from
the Caledonian orogenic belt may have been widely deposited
across Greenland and later eroded (Patchett and others, 2004).

The north-trending Boothia-Cornwallis Uplift (Miall,
1986; Okulitch and others, 1986, 1991; de Freitas and Mayr,
1993; Dewing and others, 2007b; Jober and others, 2007)
transects the province in the area of the Boothia Peninsula and
Somerset, Cornwallis, and northwesternmost Devon Islands
(fig. 1). A north-plunging core of Archean basement is exposed
on the Boothia Peninsula beneath an arched carapace of shelf
strata. These shelf strata are complexly deformed on the crest
and flanks of the uplift. Flanking wedges of clastic sediments
of late Silurian to Early Devonian age (Bathurst Island and Peel
Sound Formations) were shed from the uplift into the adjacent
shelf basin during deformation. Miall (1986) and Okulitch and
others (1986, 1991) characterized the uplift as a distal effect of
the Caledonian orogeny.

Throughout the northern Canadian Arctic Islands (but not
northern Greenland) a thick sequence of Middle and Upper
Devonian sandstone, mudstone, and conglomerate overlies the
older carbonate shelf strata. Although its preserved thickness
is about 4 to 5 km (Embry, 1991; Harrison, 1995a), its original
thickness may have been significantly greater. Embry (1991)
and Patchett and others (2004) estimated original thicknesses
of 8 to 10 km, although Anfinson and others (2013) concluded
that the maximum thickness was probably less than 7 km.

In either case, burial by such great thickness is a crucial
element in the timing of petroleum generation. Devonian strata
probably covered the entire area of the Canadian Arctic Islands
and northern Greenland but have been at least partially or in
some areas completely eroded. These rocks indicate fluvial,
deltaic, shallow marine, and slope environments arranged

in an elongate, generally southwest-prograding wedge that
encroached over the region from Caledonian uplifts that lay

to the northeast in Greenland (Embry, 1991). Sandstone and
mudstone are the dominant lithologies, but locally, in an area
on northeastern Banks Island, exposed limestone reef strata
that formed on progradational deltaic lobe deposits of the

clastic wedge (Embry and Klovan, 1971; Copper and Edinger,
2009) present a possible analog for potential subsurface
reservoir units elsewhere in Middle and Upper Devonian
clastic wedge strata.

West of the northern part of the Boothia-Cornwallis Uplift
is the Parry Islands fold belt. This Ellesmerian fold-thrust belt
lies on a major detachment surface within Ordovician salt of the
Bay Fiord Formation (Fox, 1985; Harrison, 1995a, b). Subsalt
strata are deformed by south-verging thrusts and anticlines, but
strata overlying the salt are folded into upright, concentric folds
cut by reverse faults and duplexes (Harrison, 1995a; fig. 4).
Devonian clastic wedge strata are involved in the deformation,
which began near the end of Devonian time and lasted into early
Carboniferous time. On the crest of the Boothia-Cornwallis
Uplift, where Ellesmerian deformation transects older, Early
Devonian folds, there is complex interference fold geometry
(Jober and others, 2007; Dewing and others, 2007b). In Canada,
east of the Boothia-Cornwallis uplift, Devonian and older rocks
were also folded and thrust during Ellesmerian deformation
(Okulitch, 1991). As in the Parry Islands fold belt, detachments
are typically located within evaporites (Harrison and others,
1995; fig. 5), although the halite of the Parry Islands fold belt
is not present. In North Greenland, Ellesmerian deformation
produced open, upright folds and south-vergent thrusts within
the carbonate platform strata, whereas in the thicker basinal
section to the north, folds are tighter and north-vergent, the level
of exposure is deeper, and the metamorphic grade is as high as
amphibolite facies (Higgins and others, 1998).

Lower Paleozoic Composite Total Petroleum
System

In the western part of the province, a principal potential
source rock sequence is the widely present black graptolitic shale
of the Upper Ordovician to Lower Devonian, chiefly Silurian Cape
Phillips Formation. In the far westernmost part of the province, the
equivalent Lower Devonian Fids Formation, Ordovician to Lower
Devonian Ibbett Bay Formation, and upper Silurian to Lower
Devonian Kitson Formation contain the most promising source
rocks. They contain as much as 7 weight percent total organic
carbon (TOC), mainly in oil-prone Type II organic matter (Powell,
1978; Dewing, 2006; Obermajer and others, 2007). Conodont
color alteration indices (CAI) and graptolite reflectance data,
however, indicate widespread overmaturity. An exception is that
in areas near the lower Paleozoic shelf edge and on the Boothia-
Cornwallis uplift, which was topographically high in Devonian
time and not as deeply buried by the Devonian clastic wedge,
somewhat lower maturity levels prevail (fig. 6; Goodarzi and
others, 1992; Gentzis and Goodarzi, 1993; Stasiuk and Fowler,
1994; Gentzis and others, 1996; Dewing and others, 2007a;
Harrison and others, 2008). The level of thermal maturity is also
low in the southern part of the province and increases northward
across a sharp gradient (Gentzis and others, 1996; Harrison and
others, 2008) that probably represents the southern margin of thick
Devonian strata.
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Figure 3. Stratigraphic columns
in North Greenland showing
typical stratigraphy on shelf (left
column) and on continental slope
and rise (right column). Modified
from Henriksen and Higgins
(1998). Base of Cambrian is
shown at approximately the top
of the Portfjeld Formation, rather
than below Portfjeld Formation
as in Henriksen and Higgins
(1998, fig. 2), in accord with
recent stratigraphic revisions
(Dewing and others, 2004, 2008).
Gr., Group; Fm., Formation.
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Figure 6. Map of Composite Lower Paleozoic Petroleum System, showing locations of exploration wells that penetrated
lower Paleozoic strata, indications of oil or gas in wells and surface outcrops, location of Bent Horn oil accumulation, and
levels of thermal maturity of Cape Phillips Formation and equivalent strata penetrated in exploration wells, from Obermajer
and others (2007). Panarctic Dome Dundas C-80 well was the source of stratigraphy and thermal maturity indicators used in
petroleum generation modeling.

Bitumen and oil staining are widely present in lower
Paleozoic strata in the Canadian part of the province,
indicating that oil was once present. In a study of graptolite
and bitumen reflectance in lower Paleozoic strata, Gentzis
and others (1995, 1996) documented evidence of both
lower-reflecting, pore-filling bitumen and higher-reflecting
remnant graptolites in shales of the Cape Phillips Formation.

The lower-reflecting bitumen was interpreted as evidence

of migration of oil through the shale, whereas the higher-
reflecting graptolites probably represent remnants of the
original source macerals. Bitumen also locally fills porosity
in shelf margin carbonates and isolated pinnacle reefs of

the Silurian Allen Bay Formation on Ellesmere Island (de
Freitas and others, 1995). Oil stains are present in Ordovician
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carbonates of the Thumb Mountain Formation (Rayer, 1981).
Gas yields from subsurface penetrations of the Cape Phillips
Formation are typically high (Powell, 1978).

Reconstruction of burial history and petroleum generation
by Skibo and others (1991) for two wells on Melville Island
(Panarctic Dome Dundas C-80 and Panarctic Apollo C-73) in
the western part of the province, using the modeling program
MATOIL, indicated that rapid, deep burial by Devonian strata
derived from the eroding Caledonides caused oil generation
beginning shortly after 380 Ma. Skibo and others (1991) estimated
a minimum of 1,800 m of erosion of the upper part of the clastic
wedge in the Panarctic Dome Dundas C-80 well and 4,235 m
in the Panarctic Apollo C-73 well. The Panarctic Dundas C-80
well is just south of the Parry Islands fold belt, and the Panarctic
Apollo C-73 well lies farther north within the deformed zone.

We made a similar model of one of the same wells (Panarctic
Dome Dundas C-80) for this study, instead using PETROMOD
software. We found that significantly more erosion of the upper
part of the clastic wedge—3,200 m—was required to match the
vitrinite reflectance (R ) values of strata penetrated in the well.
Nevertheless, our results are otherwise very similar to those of
Skibo and others (1991) and corroborate their conclusions. Oil
generation is estimated to have taken place between about 380
and 360 Ma (fig. 7). Shortly thereafter, some of the generated oil
would probably have begun to crack to gas. Using an entirely
different approach, Selby and others (2005) dated bitumen in the
Upper Ordovician Thumb Mountain Formation using "*"Re—"*"Os
geochronometry and concluded that the bitumen formed at
37549 Ma, in excellent agreement with the timing of petroleum
generation indicated by burial history modeling.

In Greenland, Silurian strata of the Peary Land Group have
similar source potential to that of the Cape Phillips Formation and
equivalents in Canada. In particular, the lower Silurian Lafayette
Bugt Formation and Thors Fjord Member of the Wulff Land
Formation are especially rich in oil-prone organic matter, with 2 to
6 weight percent TOC (Christiansen, 1989; Christiansen and oth-
ers, 1991). In addition, the Cambrian Henson Gletscher Formation
contains 2 to 5 weight percent TOC (Christiansen, 1989; Chris-
tiansen and others, 1991). Along the southern edge of the Paleo-
zoic sequence, where it rests on Precambrian rocks, maturity levels
are low, but maturity increases abruptly northward across a steep
gradient that probably represents the edge of the area once buried
by now-eroded Ellesmerian thrust sheets or by thick Devonian
foreland basin strata.

As is the case in Canada, bitumen is widely present in
northern Greenland. In Cambrian rocks, bitumen occurs in
vuggy, veined dolomite and as stains in sandstone. In Silurian
strata, bitumen is present in veins, vugs, or corals in debris-flow
carbonate conglomerates (Christiansen and others, 1989a) or in
bitumen-filled reefs (Stemmerik and others, 1997; Dawes and
others, 2000). Christiansen and Hansen (1989) and Christiansen
(1990) concluded from a variety of geological evidence that
petroleum generation took place from late Silurian time through
the time of the Late Devonian to earliest Mississippian Ellesmerian
orogeny. No petroleum generation modeling studies using modern
software have been published for northern Greenland. The thick

Devonian clastic wedge sequence that matured Canadian source
rocks is absent in Greenland but was inferred by Patchett and
others (2004) to have been originally present and subsequently
eroded. If this is correct, maturation history in northern Greenland
was probably similar to that for the part of the province in Canada.

Potential reservoir lithologies in Greenland are dominantly
carbonate rocks, although sandstone reservoirs could be present
in Cambrian strata. Cambrian and Ordovician limestones and
dolomites within the carbonate bank sequence could be reservoirs
if they have sufficient porosity and permeability. However, the
high degree of thermal maturation may have caused diagenetic
degradation of any porosity and permeability that was originally
present. In Silurian strata, the best potential reservoirs are
carbonate reefs that grew upward from the drowned older shelf.
These rocks form excellent traps because they are enclosed and
sealed by shales.

Ellesmerian folds and faults in northern Greenland probably
postdate petroleum generation and accordingly may not offer
viable traps; exploratory wells that penetrate Ellesmerian traps
have been unsuccessful. Potential traps are probably limited
to stratigraphic traps, such as reefs or stratigraphic pinchouts,
and flexures or steeply dipping faults that were active during
deposition. If such traps were filled during generation, later
remigration of the oil into younger Ellesmerian structural traps
is a possibility, but both the failure of exploratory drilling and
the depth of subsequent erosion are considered to significantly
reduce the likelihood of such accumulations. Although oil and
gas were almost certainly generated and probably migrated into
any available traps just prior to Ellesmerian deformation, much
or all of it was evidently destroyed by subsequent rupturing
of traps and seals during deformation, uplift, and erosion. The
bitumen that is widely present in lower Paleozoic carbonate rocks
probably represents the remnants of uplifted, eroded, and degraded
accumulations (Hamilton and Varney, 1982; Stemmerik and
others, 1997).

Assessment Units

Three assessment units (AUs) were defined in the
Franklinian Shelf Province (fig. 1). The Western Franklinian
Shelf AU includes the part of the province west of the Boothia-
Cornwallis uplift and comprises both undeformed Cambrian
through Lower Devonian platform strata and folded and
thrusted Cambrian through Upper Devonian rocks of the Parry
Islands fold belt. The Eastern Franklinian Shelf AU lies east
of the Boothia-Cornwallis uplift and is similar to the Western
Franklinian Shelf AU, with undeformed platform strata on the
south and a fold belt to the north. Because the geology of the
northern part of Greenland is continuous with that of Ellesmere
Island in northeasternmost Canada, the Franklinian shelf in
North Greenland is included in the Eastern Franklinian Shelf
AU. The third AU, the Boothia-Cornwallis AU, comprises
strata affected by late Silurian to Early Devonian deformation
probably associated with the Caledonian orogeny.
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Figure 7. Petroleum generation model for Panarctic Dome Dundas C-80 well, assuming estimated 3,200 meters of erosion of
Devonian clastic wedge strata of the Beverley Inlet and Parry Islands Formations. Color bands superimposed on burial history
indicate successive levels of transformation from kerogen to oil and from oil to gas, respectively, in A and B. A, Qil generation
began (transformation ratio 0.05) in Late Devonian time in shale of the Cape Phillips Formation (between Thumb Mountain and
Allen Bay Formations) and other lower Paleozoic source rocks and was complete before the end of Devonian time (transformation
ratio 0.99). B, Oil began cracking to gas at the end of Devonian time (transformation ratio 0.05) and was completely cracked to gas
(transformation ratio 0.99) during Carboniferous time. Ord., Ordovician; Sil, Silurian; Dev., Devonian; Carb., Carboniferous; Perm.,
Permian; Tri., Triassic; Jur,, Jurassic; Crt., Cretaceous; Pg., Paleogene; Neog., Neogene.
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Western Franklinian Shelf AU

Exploration Maturity.—An extensive set of seismic
reflection surveys was collected during a petroleum exploration
campaign in the late 1960s through the mid-1980s; no modern
or three-dimensional seismic data had been collected as of the
time of this assessment. About 30 exploration wells were drilled
to test prospects within this AU. One small oil accumulation
was discovered, but it contains less than the minimum volume
(50 MMBO) assessed in this study.

AU Description

The Western Franklinian Shelf AU includes the sedimentary
section from the base of the Paleozoic to the top of Devonian
clastic wedge strata. The petroleum system includes oil and gas
generated from Ordovician through Devonian, mainly Silurian,
organic-rich shale during burial by thick Upper Devonian clastic
strata. Stratigraphic traps in carbonate rocks are the most likely
trap type. Rocks in this AU have been penetrated in about 30
exploratory wells both onshore and offshore. In map view, the AU
is bounded on the south by the 1.5 km isopach of the Franklinian
shelf sequence as shown by Grantz and others (2010), on the north
by the approximate northernmost position of the shifting lower
Paleozoic shelf edge, and on the east by the approximate western
limit of Early Devonian deformation associated with the Boothia-
Cornwallis uplift. One oil discovery smaller than minimum size,
the Bent Horn oil field, was found on southwestern Cameron
Island (figs. 1, 6; Obermajer and others, 2009). The field is
abandoned, with cumulative production of about 2.8 MMBO, 43°
API oil, from fractured Devonian reef limestone.

Geologic Analysis of Assessment Unit Probability

The likelihood that the Western Franklinian Shelf AU
contains at least one accumulation greater than the minimum
field size of 50 million barrels of oil equivalent (MMBOE)
is estimated to be less than ten percent, the minimum for
quantitative assessment, based on the following interpretation of
petroleum system/AU elements.

Charge.—0.9) The probability of adequate charge was
estimated to be very good, 0.9. Good potential source rocks
are present within the lower Paleozoic section, although they
are overmature in part of the area. Upper Ordovician to Lower
Devonian black graptolitic shales of the Cape Phillips Formation
and equivalent strata commonly contain several weight percent
TOC and locally almost 7 weight percent TOC (Powell, 1978;
Obermajer and others, 2007). The uppermost Silurian to
lowermost Devonian Kitson River Formation in the western part
of the AU, equivalent to the uppermost Cape Phillips Formation,
consists of graptolitic shale that is similarly rich in organic matter,
with 2 to 6 weight percent TOC (Powell, 1978; Obermajer and
others, 2007). Organic matter is reported as Type II by Dewing
(2006) on the basis of Rock-Eval analyses.

Bitumen is present in fractures in carbonates of the Middle
Devonian Blue Fiord Formation at surface localities on eastern
Melville Island and in Lower Devonian and Silurian carbonates
in the Panarctic Towson Point F-63 well on the east coast of
Melville Island (Harrison, 1995a). Porous dolomite of the
Upper Ordovician Thumb River Formation is oil-stained in the
Panarctic Towson Point F-63 well (Daae and Rutgers, 1975).
Minor gas shows were present in a few wells on Melville Island,
in Devonian sandstones (Dome et al. Winter Harbour and Dome
Panarctic et al. Hearne F-85 wells) and in the Ordovician Bay
Fiord Formation (Panarctic et al. Sabine Bay A-07 well) and
Thumb Mountain Formation (Panarctic et al. Beverley Inlet
G-13 well) (Harrison, 1995a).

The source of the oil in the one discovered field within the
AU, the abandoned 3 MMBO Bent Horn oil field, was uncertain
until recently. Most workers considered it likely to have been
generated from basinal lower Paleozoic shales, but because the
accumulation lies stratigraphically just below rocks deposited
on the southern margin of the younger Sverdrup Basin, the
possibility that the oil was generated from Triassic source
rocks in the Sverdrup Basin could not be ruled out. Recent
oil analyses by Obermajer and others (2009) indicate that the
source was probably the Cape Phillips Formation because the
oil is geochemically distinct from oils generated by younger
Sverdrup Basin source rocks.

Rocks.—(0.5) The probability that adequate reservoirs,
traps, and seals are present was estimated to be only about
50 percent. Potential reservoir rocks consist predominantly
of various types of carbonate rocks, particularly reefs and
buildups. Carbonate rocks of the uppermost Ordovician
through Silurian Allen Bay and Read Bay Formations,
laterally equivalent to the Cape Phillips Formation source
facies, include buildups on the paleoshelf edge as well as
carbonate shelf strata farther south, either of which could
contain reservoir facies. The Lower to Middle Devonian Blue
Fiord Formation, the reservoir for the Bent Horn discovery,
consists of fossil fragmental limestone with dolomite, shale,
and siltstone. The Bent Horn reservoir is an isolated biohermal
reef (Rayer, 1981). More reefs could be present along the
paleoshelf edge in Viscount Melville Sound south of Melville
Island eastward to Cornwallis Island (Harrison, 1995a). Reefs
similar to those on Banks Island, anchored on Devonian clastic
wedge delta lobes (Embry and Klovan, 1971; Copper and
Edinger, 2009), might be another reservoir possibility if they
are more widely present in the subsurface.

Lower in the section, dolomite of the Upper Ordovician
Thumb Mountain Formation is locally oil stained. The
Middle Ordovician Eleanor River Formation consists of shelf
carbonates that have the added advantage of an overlying salt
seal. Reservoir quality in these older carbonates, however, is
marginal (Meneley, 2006), although flows of water and gas
shows have been noted in some wells. The substantial depth of
burial of the potential reservoirs during the Devonian in much
of this assessment unit probably detracts significantly from
reservoir quality because of diagenetic alteration.



Geology and Assessment of Undiscovered Qil and Gas Resources of the of the Franklinian Shelf Province, 2008 13

Potential seals consist mainly of shales interbedded with
reservoir strata, but seal integrity may have been compromised by
erosion and deformation subsequent to trapping (Meneley, 2006).
Reservoirs in the Thumb Mountain Formation would be sealed by
shale of the Irene Bay Formation. The Cape Phillips Formation
and equivalents are a potential seal for reservoirs in the Read Bay
and Allen Bay Formations. The Cape de Bray Formation at the
base of the Devonian clastic wedge is the seal for the Bent Hormn
oil accumulation and would be the presumed seal for undiscovered
reservoirs in Middle Devonian carbonates. Traps present at the
time of generation would be mostly stratigraphic.

Timing and preservation.—(0.2) Modeling for this study
indicates that generation of oil from organic-rich rocks of the
Cape Phillips Formation and equivalents began as maximum
burial was approached at about 375 Ma, similar to modeling
results reported by Skibo and others (1991) and Gentzis and
others (1996), as well as to '¥’Re—'*"Os dating reported by
Selby and others (2005). Stratigraphic traps, mainly reefs and
other carbonate buildups, would have been available to trap
the oil, but structural traps in the Parry Islands fold belt had
not yet begun to form at the time of generation. Modeling
suggests onset of cracking of oil to gas within a few million
years of generation because of the extreme burial indicated
by preserved stratigraphy and the amount of inferred erosion
suggested by surface vitrinite maturity. Generation would have
been accompanied or followed immediately by deformation
and then by uplift beginning in early Mississippian time, about
350 Ma. Uplift caused erosion of significant, although poorly
constrained, thicknesses of uppermost Devonian clastic wedge
strata. Shallower accumulations would have been eroded,
and deeper oil accumulations would have been subject to gas
coming out of solution, expanding, and displacing trapped oil
downward past the spillpoint of the trap. Gas accumulations
would probably have been at risk of remigration or trap rupture
associated with unloading. Modeling indicates removal of
about 3 km of strata, indicated by the level of thermal maturity
of vitrinite in surface strata, although at least some of this
erosion may have taken place during early Cenozoic Eurekan
deformation. The bitumen and oil staining noted in outcrops
and well penetrations of potential reservoir carbonates indicates
that oil and gas accumulations were probably once present but
have been lost. This assessment unit is therefore considered to
have a very significant risk to preservation, with any surviving
accumulations being exceptions and likely to be smaller than
the 50 MMBOE minimum size.

The product of the assigned probabilities for charge, rocks,
and timing is 0.09, less than the minimum probability (0.1)
required for quantitative assessment.

Boothia-Cornwallis Uplift AU

Exploration Maturity—Seismic reflection data were
collected in the late 1960s through the mid-1980s, but no modern
seismic surveys had been conducted as of the time of this

assessment. About seven exploration wells were drilled to test
prospects within this AU, but no commercial discoveries resulted.

AU Description

This AU encompasses a narrow, basement-cored uplift of
lower Paleozoic shelf strata that were folded and thrust along
north-south trends in late Silurian to Early Devonian time,
shedding clastic detritus into flanking basins. The uplift was then
buried to shallow depths by strata of the Caledonian-derived
Devonian clastic wedge and subsequently deformed twice: first
during the Late Devonian Ellesmerian orogeny and then again,
much later, by the Paleogene Eurekan orogeny. In map view, the
AU is bounded on the south by the depositional limit of Paleozoic
strata on Precambrian crystalline basement, on the north by the
approximate position of the lower Paleozoic shelf edge, and on the
east and west by the approximate limits of deformation associated
with the Boothia-Cornwallis uplift.

Geological Analysis of Assessment Unit Probability

(0.09) The likelihood that the Boothia-Cornwallis Uplift AU
contains at least one accumulation greater than the minimum field
size of 50 MMBOE is estimated to be 9 percent, based on the
following interpretation of petroleum system/AU elements.

Charge.—0.9) Charge for this AU came from Late
Devonian maturation of organic-rich mudstone of the mostly
Silurian Cape Phillips Formation in the areas east and west of the
uplift. On the uplift, the Cape Phillips Formation displays good
source rock characteristics. In one area on Cornwallis Island,
it is reported to contain as much as 9 weight percent TOC in
dominantly Type I organic matter from Tasmanites and other
algae, graptolites, and bitumen. Carbonates at the base of the
formation contain bitumen (Coniglio and Melchin, 1995). On
Truro Island (west of Cornwallis Island) near the crest of the
uplift, the Cape Phillips Formation locally contains more than
5 weight percent TOC, consisting of Type I and Type II organic
matter, and has an average thermal maturity equivalent to R of
0.67 percent (Stasiuk and Fowler, 1994). The Lower Devonian
Disappointment Bay Formation is also a potential source rock,
with up to 2.4 weight percent TOC in Type I and Type II organic
matter; maturity is equivalent to R of 0.55 percent, and the rocks
show evidence of early petroleum generation (Stasiuk and Fowler,
1994). West of the uplift, maturity levels are higher (Obermajer
and others, 2007). This suggests that east and west of the uplift,
the Cape Phillips Formation generated petroleum by the time of
maximum burial beneath the Devonian clastic wedge. Bitumen
was observed in all seven wells drilled in this AU (Obermajer
and others, 2007). “Dead bitumen” was reported in the Allen Bay
Formation in the KMG Decalta Young Bay F-62 well (Mayr and
others, 2004). “Bitumen and spotty oil stains” were reported from
limestone and dolomite of the Upper Ordovician Thumb Mountain
Formation in the Dominion Explorer Bathurst Caledonian J-34
well (Daae and Rutgers, 1975).
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Rocks.—(0.5) Potential reservoir units include (1)
Ordovician platform carbonates in the Eleanor River Formation,
sealed by evaporites of the overlying Bay Fiord Formation, with
petroleum trapped in anticlines or fault traps; (2) Ordovician
platform carbonates in the Thumb Mountain Formation, sealed
by shale with petroleum trapped in anticlines or fault traps; (3)
Upper Silurian to Lower Devonian nonmarine to deep marine
clastic strata shed from the Boothia-Cornwallis uplift, in either
stratigraphic or structural traps; and (4) carbonate banks, reefs,
and buildups (Silurian to Devonian Read Bay, Allen Bay, and
Blue Fiord Formations) along and seaward of the shelf edge that
wrapped around the west flank and northern nose of the uplift.

Dolomite of the Allen Bay Formation, the target reservoir
in the KMQG Decalta Young Bay F-62 well on Prince Edward
Island, showed porosity on logs and flowed watery drilling
mud (Mayr and others, 2004). The Dominion Explorer Bathurst
Caledonian J-24 well tested salt water on a drill stem test of the
Thumb Mountain Formation (Daae and Rutgers, 1975). Despite
these occurrences, however, the results of exploration indicate that
porosity development is generally poor.

Timing and preservation—(0.2) Cape Phillips Formation
source rocks on both sides of the uplift matured as they were
buried under the Middle to Upper Devonian clastic wedge, after
the Boothia-Cornwallis Uplift and associated folds and faults
had formed in late Silurian to Early Devonian time. Petroleum
generated from source rocks of the Cape Phillips Formation could
have migrated upward into the slightly older structural traps on
the flanks of the uplift, as long as faults on the flanks did not act as
barriers to migration. Carbonate shelf edge and reef traps would
have been in place at the time of migration, as would stratigraphic
or structural traps in the uplift-derived clastic rocks. Although
late Silurian timing seems favorable, subsequent Devonian-
Mississippian Ellesmerian and Paleogene Eurekan deformations
present significant risk to preservation. The effects of these
deformational events (Okulitch and others, 1986, 1991; de Freitas
and Mayr, 1993; Harrison and others, 1993; Jober and others,
2007) were likely sufficient to destroy traps or allow the escape of
accumulated petroleum, as indicated by bitumen and oil staining.

The product of the assigned probabilities for charge,
rocks, and timing is an overall assessment unit probability
0f 0.09, less than the minimum probability (0.1) required for
quantitative assessment.

Eastern Franklinian Shelf AU

Exploration Maturity.—Seismic reflection data have
been collected, mainly in the Canadian part of the AU. About
7 exploration wells were drilled to test prospects within the
Canadian part of this AU, but no discoveries resulted.

AU Description

The Eastern Franklinian Shelf AU encompasses eastern
Devon and Ellesmere Islands in Canada and northern Greenland.
It includes the sedimentary section from the base of the Paleozoic

to the top of the uppermost Devonian strata, consisting of both
undeformed strata of the Arctic platform on the south and rocks
deformed during the middle Paleozoic Ellesmerian and early
Tertiary Eurekan orogenic events in the north. In map view, the
Canadian part of the AU is bounded on the south and east by the
approximate location of the 1.5 km isopach of Franklinian shelf
strata as shown by Grantz and others (2010), on the north by the
approximate position of the early Paleozoic shelf edge, and on

the west by the eastern limit of Silurian to Devonian deformation
associated with the Boothia-Cornwallis uplift. In North Greenland,
where regional isopachs are not available, the entire area underlain
by lower Paleozoic strata is included in the AU.

Geological Analysis of Assessment Unit Probability

The likelihood that the Eastern Franklinian Shelf AU
contains at least one accumulation greater than the minimum field
size of 50 MMBOE is estimated to be 9 percent, based on the
following interpretation of petroleum system elements.

Charge—0.9) The presence of mature source rocks,
along with bitumen and oil shows in wells and surface outcrops,
indicates that petroleum was almost certainly generated in this
AU. Graptolitic, organic-rich shales of the Ordovician to Silurian
Cape Phillips and Allen Bay Formations in Canada and the Peary
Land Group in Greenland are the most likely lower Paleozoic
source rock units. In the Canadian part of the AU, geochemical
data are available from two wells on central Ellesmere Island.
TOC values up to about 2 weight percent are reported from the
Cape Phillips Formation in the Panarctic Arco et al. Blue Fiord
E-46 well, and values of 2 to 8 weight percent TOC are reported
from a shale facies in the Allen Bay Formation deeper in the
same well (Powell, 1978; Obermajer and others, 2007). In the
nearby Tenneco et al. Eids M-66 well, Powell (1978) reported
TOC values between 2 and 5 weight percent for the Cape Phillips
Formation and more than 4 weight percent for the Allen Bay
Formation; Obermajer and others (2007) reported several values
of more than 2 weight percent and one value more than 8 weight
percent from Allen Bay Formation samples. Rock-Eval (T, )
results for samples of the Cape Phillips and Allen Bay Formations
in both wells indicate that the strata are mature for oil generation.
In North Greenland, Cambrian outer shelf strata of the Henson
Gletscher Formation contain as much as 5 weight percent TOC
(Christiansen and others, 1991). Silurian basinal deposits of the
Peary Land Group, similar to the Cape Phillips Formation of the
Canadian Arctic Islands, typically contain up to about 6 weight
percent TOC, specifically in the Thors Fjord Member of the
Waulff Land Formation and in the Lafayette Bugt Formation. The
organic matter in these units is Type II (Buchardt and others, 1989;
Christiansen, 1989, 1990; Christiansen and others, 1991).

A narrow zone of mature source rocks separates immature
strata on the south and east from overmature strata on the
north and west (Christiansen and others, 1989b; Harrison and
others, 2008). This abrupt maturity gradient parallels the early
Paleozoic shelf edge and the Ellesmerian fold belt, curving from
a westerly trend in North Greenland to a southwesterly trend
across Ellesmere Island. It may outline the limit of now-eroded
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Ellesmerian thrust sheets or the possible southern extent of thick
strata of the Devonian clastic wedge. In either case, it indicates
that a wide belt of source rocks in the northern part of the
assessment unit was buried through the petroleum generation
window and likely expelled oil and gas updip toward the south
and east.

Also, there is direct evidence that oil was indeed
generated from lower Paleozoic source rocks. A pinnacle reef
that was penetrated in the Blue Fiord E-46 well on Ellesmere
Island contained “oil-flecked water,” and bitumen is present
in similar reefs in outcrops nearby (de Freitas and others,
1995). Bitumen-filled Silurian reefs have been discovered
at the surface in several localities in North Greenland,
including the Victoria Fjord buildup in Wulff Land in central
North Greenland (Stemmerik and others, 1997) and reefs in
Washington Land just across Nares Strait from Ellesmere
Island (Dawes and others, 2000). Penetrations of the
Ordovician Thumb Mountain Formation have also revealed
oil staining (Morrell and others, 1995). In an optical study of
bitumen in the Cape Phillips Formation in the Canadian Arctic
Islands, Gentzis and others (1995, 1996) found evidence that
some of the bitumen had been deposited from oil that had been
generated and migrated through the rock.

Rocks.—(0.5) Carbonate reefs and buildups are the
most likely reservoir units, although the presence of adequate
porosity and permeability is uncertain because these rocks were
once deeply buried by the Devonian clastic wedge. De Freitas
and others (1995) reported as much as 20 percent porosity in
dolomitized reefs composed of stromatoporoid boundstone
and coral microbial boundstone exposed on Ellesmere Island.
The reservoir for Bent Horn oil field, the single discovered oil
accumulation in this province (in the Western Franklinian Shelf
AU), consists of fractured and cavernous Middle Devonian
bioclastic limestone of the Blue Fiord Formation, described by
Rayer (1981) as an isolated biohermal reef. The degree to which
adequate porosity and permeability are present is unknown in
the widely distributed Blue Fiord Formation; only one of the
several wells drilled in the area of the Bent Horn oil field had
adequate porosity and permeability to produce oil. Ordovician to
Silurian reefs and reef-margin carbonate rocks that are laterally
equivalent to the Cape Phillips Formation source rocks are also
potential reservoirs. Oily water that flowed from the Blue Fiord
E-46 well on Ellesmere Island was interpreted as indicative of
adequate porosity in Silurian pinnacle reef rocks penetrated by
the well (de Freitas and others, 1995). The Silurian Read Bay
and Allen Bay Formations, reef carbonates, laterally equivalent
to the Cape Phillips Formation, are also potential reservoirs.
Middle Ordovician shelf carbonates of the Eleanor River
Formation are another possible reservoir, although where they
have been drilled in the other AUs in this province they have
either lacked porosity or produced only water.

In the southern, unexplored part of the AU, transgressive
Cambrian and Lower Ordovician sandstones could be present at
the base of the Paleozoic section. Stratigraphic traps are possible
where the sands lap onto basement and are overlain by younger
sealing mudstones.

Devonian reef traps would be sealed by mudstones at the
base of the Devonian clastic wedge. Older traps would be sealed
by mudstones within the lower Paleozoic section.

Because migration was Late Devonian and preceded
Ellesmerian deformation, traps are most likely to be stratigraphic,
principally in Ordovician, Silurian, and Devonian reefs on the
shelf and along the shelf margin.

Timing and preservation.—(0.2) The Paleozoic source
rocks of this AU were almost certainly matured by abrupt
burial beneath strata of the Devonian clastic wedge. Gentzis
and others (1996) estimated that the Devonian clastic wedge
was probably more than 7 km thick in the northern part of
this AU, similar to thicknesses inferred for Melville Island.
Anfinson and others (2013) estimated a comparable maximum
thickness for the clastic wedge. Burial history and maturation
modeling of the stratigraphy in the Dundas C-80 well on
southern Melville Island for this study (fig. 7) suggests very
rapid maturation in Late Devonian time, as did modeling of
the same well by Skibo and others (1991). Dating of bitumen
by "®"Re—'¥0Os as 374+9 Ma (Selby and others, 2005) in the
Ordovician Thumb Mountain Formation on the Boothia-
Cornwallis uplift also indicates that migration took place in
Late Devonian time. Because Ellesmerian deformation began
at almost the same time that maximum burial was reached,
Ellesmerian structural traps are too young to have trapped
oil generated during maximum burial; only undisturbed
stratigraphic traps south of the main deformational zone are
likely to be prospective. Furthermore, even stratigraphic traps
were likely to have been disrupted by Ellesmerian deformation
or by early Cenozoic Eurekan deformation. Erosion and
exhumation of stratigraphically trapped accumulations is a
significant risk. Modeling indicates that substantial uplift and
erosion took place during and after Ellesmerian deformation.
Skibo and others (1991) modeled about 1.8 km of exhumation,
and modeling for this study (fig. 7) required about 3 km of
post-Devonian uplift and erosion in order to match maturity
levels indicated by R values.

The product of the assigned probabilities for charge, rocks,
and timing is 0.09, less than the minimum probability (0.1)
required for quantitative assessment.
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Appendixes

Appendix files are available online only, and may be accessed at https://doi.org/10.3133/pp1824H.

1. Input data for the Western Franklinian Shelf Assessment Unit.
2. Input data the Boothia-Cornwallis Uplift Assessment Unit.
3. Input data for the Eastern Franklinian Shelf Assessment Unit.
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