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Ellef Ringnes Island lies near the centre of the Sverdrup Basin, a Paleozoic to early Cenozoic sedimentary basin that spans the Queen Elizabeth ( 103°00 102°00° 50° g 4 7 ¢ o 4 ] (2] Surficial deposits: sand, silt, clay, and gravel; undivided alluvium, colluvium,
Islands, Nunavut and NWT. The bedrock of the island consists of Jurassic and Cretaceous clastic rocks that are pierced by evaporite diapirs and . 12 T : O Q and marine deposits.
intruded by mafic sills and dykes. The northernmost end of the island is covered by a veneer of Neogene sediments of the Arctic Coastal Plain. Z ] ’Q‘
Petroleum exploration between 1969 and 1986 resulted in the discoveryof 17 major gas and/or oil fields in the Sverdrup Basin, with 8 of these = — ——— — o
fields occurring on orimmediately offshore of Ellef Ringnes Island. = ) «.3 ‘crff" = w“ / =z NEOGENE

Objectives of new bedrock mapping on Ellef Ringnes Island are to develop a more robust geological framework for integration of surface % )/ ,’ : ‘x e f‘,—"\'\ \ g
data with subsurface well and seismic data, and to improve understanding of the structures associated with the evolution of the evaporite diapirs. §3 1 A,A X /'~ X Wi
These goals are accomplished by application of modern stratigraphic nomenclaure, more detailed mapping than previous work, and analysis of © > % [ X7 ) ¢ -~ ; ro— i o ¥ e
structures and collected rock samples. Seven weeks of fieldwork during the summers of 2010 and 2011 were followed by compilation to produce 2 ’ \ | P J 0 N oy - ‘ \O A ] T | i B Bealéf((;rtbF_Ol'matlon. sand, gravel, silt and clay; includes non-petrified logs and
preliminary maps of the northern and southern island (this map and Evenchick and Embry, 2012). The bedrock geology is revised from Stott S ite N i’ljﬂ' : - i o~ N AN g - I wood aebris.

(1968); the geology of King Christian Island is from Balkwill and Roy (1977). Primary differences from Stott's map (1968) are application of 36 \ 7 // ‘ \ : - I : B s | N\ A | \ B

current stratigraphic terminology, and an increase in detail of contacts and structures. Supporting photographs are in Evenchick and Hayward e N W10 I e o e = ) L / NS f & * CRETACEOUS

(2011). Future map compilation will focus on refining contacts, exploring the nature of igneous rocks, further identification and analysis of faults A | 2 > | ; = . > [ / >, e s !

and folds, and inclusion of digital datasets.

COMPILATION METHODS UPPER CRETACEOUS

The compilation process relied heavily on analysis of several remote datasets because the field season is short (see Stott, 1969). In addition, C . L

surface exposures are poor as a result of frost-heaving, creep, erosion of unconsolidated sand units, and because the bedrock is commonly 5 Y y N [ e NS/ Late Campanian and Maastrichtian

covered by a thin layer of eroded bedrock mixed with clay. Fortunately, the bedrock geology is displayed well at a large scale owing to the lack of B ~l.‘l' T 7 | 3 = 1

vegetati(_)n and relatively mi_norcover by su_rficial depo§its_. For most of the island, marker beds an_d contacts o_bservefj remotely may be traced for ..i".‘--" ~ Expedition Formation: very fine- and fine-grained sandstone (and

tens of kilometres along strike. Data used in the compilation stage to extrapolate features from field stafons include: geo-referenced and ortho- | i lidated d) shal dst . | and di ined
rectified aerial photographs; field and airphoto notes of previous workers (D.F. Stott, H.R. Balkwill, and K.J. Roy); more than 12,000 geo-tagged | KE unconsolidated sand), shale, mudstone; minor coal and medium-graine
oblique aerial photographs obtained during fieldwork; and satellite imagery. The coarsest geographic base used for compilation was a SPOT 4/5 sandstone.

panchromatic (T.A. Brent, unpublished) and multispectral (R.F. MacLeod, unpublished) ortho-image composited from released images (useful

for features >30m). Geo-referenced airphotos provided additional detail in many areas (useful for features >15m). QuickBird scenes (useful for Early Turonian to Late Campanian

features >3m) for the evaporite domes were of limited use as a result of snow cover. Ortho-rectified and enhanced WorldView-2 multispectral

imagery (R.F. MacLeod, unpublished; useful for features >2m) for parts of the southeast island provide spectacular detail of bedding traces,

structures, and stratigraphy. Landsat band combinations and image enhancements (J. Harris, unpublished) were usel after the most reliable . .

base for extrapolation possible was produced from other methods. Landsat spectra correlate well with the bedrock geology but do not have KK Kanguk Formation (KK-I-KK-u) undivided

adequate spatial resolution to improve significantly on the previous work (Stott, 1968).

The level of detail in the data described above, and the ability to integrate datasets in a GIS, have enabled compilation and interpretation of
small-scale features essential to an understanding of structural styles and evolution, and in this way fecilitate a more robust contribution of
surface geology to interpretation of subsurface data. The useful scale of this compilation ranges from 1:3,000 to 1:100,000. The useful scale for Upper member: dark brown and grey shaley siltstone and silty shale;
most of the southern three-quarters of the island is 1:50,000 or better (excluding surficial deposits). KK-u bentonite.

GENERAL GEOLOGY
Sverdrup Basin deposition began in Carboniferous, and shelfal carbonates and basinal shales were dominant until mid-Permian. Notably, a
thick salt unit was deposited near the base of the succession. Siliciclastics became common in Late Permian and were followed in the Mesozoic . @ ; .
and Paleogene by four major transgressive-regressive cycles of siliciclastic deposition, resulting in a maximum preserved thickness of 13 km. KK-I Lower member: b.la(:k a.nd dark grey shale, bituminous shale; ne.'ar,?the
The middle two of these cycles form the bulk of bedrock on Ellef Ringnes Island. There are several different associations of folds and faults. base black shale is laminated with yellow and grey clay (bentonite?).
Descriptions of the geology of Ellef Ringnes Island are given by Heywood (1957), D.J. McLaren, R.G. Blackadar, and H.R. Greiner in Fortier et al. N
1963), Gould and de Mille (1964), Stott (1968), Hopkins and Balkwill (197 3), Balkwill (1974), and Balkwill and Hopkins (1976).
ESTR)ATI ERABLIY: (1964), Stott(1968), Hop (979) asr) phins (1976) . LOWER CRETACEOUS
The oldest rocks on Ellef Ringnes Island are Carboniferous evaporite and minor carbonate of the Otto Fiord and Nansen(?) formations M AW Wi I g G LA EAESAN| | (a7 — T L b YA B NV e S A NN LAY T 7 LRSS A N A S N Y 2NN R S A N TS (EEL N N7 A RV N AR SRR N AR LN ) S AN NS IS U Y B NGRS A= A DN A ) O A Y 2l AN ORI A D sy A Ot ——s o ooy e Late Albian to C .
respectively. All occurrences but one are within seven evaporite diapiric structural/metamorphic complexes. The diapirs are largely anhydrite, ae 1aIrte L.enomaniar
gypsum, and selenite, but include up to 30% surface exposure of mafic intrusive and carbonate rocks.Small and large masses of diabase and
gabbro are assumed to be Cretaceous Queen Elizabeth intrusions. Carbonate rock occurs as blocks within most of the diapirs, and locally as o i ; @ Hassel Formation: quartz sandstone (also unconsolidated sand); minor
belts of carbonate and carbonate breccia along the margins of the diapirs. Evaporite diapirs underlie the highest and most rugged topography on === | ! %‘i‘@?"ﬁ’é" e N KH siltstone, shale, clay, coal; includes a local tongue of marine shale (KHs), and
the island, suggesting relatively young uplift. Whether this included movement of the diapirs relative to host rocks, and/or diapiric relative Ve ey A 16 @ : | ; ks (KH
movement of bodies within the diapirs, and/or differential weathering of the diapirs versus host rocks, is unknown. The occurrence of evaporite minor volcanic rocks (KHv).
distant from a diapir is 10.5 km east-southeast of the evaporite at Hoodoo Dome. Two overlapping lenses of gypsum and anhydrite (CCeu), each
4 to 8 m thick, are concordant with bedding in the Christopher Fm. Three bodies 300 to 500 m farther southwest are rusty weathering magnetite-
and pt))yrite”-befaring evapori(tje,hcarbr(])nat:e,dsandstoge gnlt(j gabbro (A. Springer, K. Dewing, and R. Sharp, pers.comm., 2010-2011). The lenses Kc Christopher Formation (KCIP-KCMP) undivided
may be sills of evaporite and the other bodies may be dykes. 4

Jurassic and Cretaceous clastic rocks occur over most of the island. In this compilation we apply the terminology of Balkwill et al. (1977), L
Balkwill (1983), Ricketts (1986) and Embry (1991). Jurassic strata outcrop only in the northwest. Bedding there is commonly subhorizontal and \ . .
relief is low; the different stratigraphic levels are exposed as a result of two fault orientations which expose successively ligher stratigraphy to the by N Early Albian to Late Albian
east and south. Lower Jurassic King Christian Fm is as defined by Embry (1983). Lower to Middle Jurassic Jameson Bay Fm and Middle "i N
Jurassic Sandy Point Fm are as desc_ribe(_j by Empry (1984), but the Jameson Bay is not divided into _members. Where the uni_t of undivide_d do a1 @KCMF’V Macdougall Point Member: clay, shale, siltstone; fine- to
Jameson Bay and Saqdy Pomtfo_rmatlons is overlain by McConneII_ I_slanq Fm, thin _sandstone at the top is Sandy Point Fm. The Middle Jur_assm \ 12 KCMP medium-grained sandstone near the top increases in abundance
McConnell Island Fm is as described by Embry (1984), and here divided into three informal members — a lower shale and sandstone, a middle " upwards: includes a local volcanic member of pillow breccia and
glauconitic sandstone, and an upper shale. Late Jurassic Ringnes Fm is as defined by Balkwill et al. (1977). Late Jurassic and Early Cretaceous N\ : i P ’ p
Deer Bay Fm s as defined by Balkwill (1983). The dominantly shaley unit includes local coarse-grained sandstone (informal JKDBs). Distinction N related rocks (KCMPv).
between shales of the Jameson Bay, McConnell Island, Ringnes, and Deer Bay formations is difficult where ground observations are sparse and w?i 1
the stratigraphic position relative to clear markers is obscured by faults. Q g JF Late Aptian to Early Albian

The Lower Cretaceous Isachsen Fm is subdivided into the Paterson Island, Rondon, and Walker Island members by mapping marine shale (Y 10
of the Rondon Mb between the two sandstone-dominant units. All units are as described by Embry (1985), with the addition of a local unit of 4 A L . . . . .
volcaniclastic rocks (KIPIv) in the Paterson Island Mb. All evaporite diapirs are interpreted to be in fault contact with Isachsen Fm. The contact is 9 o Invincible Point Member: shalg, siltstone, very flne-_gralned sandstone,
shown to be in the Walker Island Mb, but Rondon Mb and thin Paterson Island Mb may be present close to the faulted contact. The contact Kcip calcareous mudstone ConcretlonS/nOd_UleSJ |003”¥ |r_10|UdeS carbonate
between Deer Bay and Isachsen formations is gradational, placed where sandstone becomes dominant going up-section. East and west of seep mounds near the top; at the top is an association of black shale,
Louise Fiord it is difficult to determine if sandstone below a sill is within the Deer Bay, or at the base of the Isachsen Fm because the sills occur 08 green lapilli sandstone, fine volcanic sandstone, limestone with
near the formational contact and large fans of sill debris cover strata immediately belowthe sills. basaltic glass shards, and bentonite; in the south includes minor

The Christopher Fm has gradational contacts with the Isachsen Fm and is subdivided into the Invincible Point and Macdougall Point magnetite- and/or pyrite-bearing evaporite with and without carbonate
members. These units are largely as described by Embry (1985). Here the upper Invincible Point is represented by a volcanogenic succession ’
with rare siliciclastic sandstone. The volcanogenic succession overlies black shales with methane seep deposits (Williscroft et al., 2011), and sandstone and gabbro (CCeu).
underlies the dominantly shaley MacDougall Point Mb. The volcanogenic succession includes: shale; volcaniclastic sandstone, commonly with o )
accretionary lapilli and/or basaltic glass shards; carbonate with basaltic glass shards; and bentonite(?). The carbonate/glass shard bed, 06 Late Valanginian to Late Aptian
although commonly < 1 m thick, forms a prominent ridge that serves as an important structural marker across the central island. An isolated pile
of coarse massive volcaniclastic rock with pillow breccia (KCIPv) occurs near the top of the Macdougall Point Mb at Cape Cairo.

The Lower and Upper Cretaceous Hassel Fm is as described previously (Stott, 1969; Hopkins and Balkwill, 1973) with the addition of a | h F ti K K divided
locally mappable marine shale (KHs), and two isolated exposures of coarse volcaniclastic rock (KHv). The latter occur near the base of the sachsen Formation (KIPI-KIWI) undivide
Hassel Fm at Cape Cairo and south of Hoodoo Dome. At Cape Cairo the unit is pillow breccia with a diabase sill 1 to 3 m thick at the base. The
gradational contact between Christopher and Hassel formations is difficult to place with confidence in many places because itis poorly exposed, | _ 04
gently dipping, and topographic relief is low. The result is that the across-strike zone of uncertainty may be up to 200 m. The Upper Cretaceous Late Barremian to Late Aptian
Kanguk Fm is separated into informal upper and lower members following Balkwill and Hopkins (1976). The Expedition Fm, defined by Ricketts
(1986), is as described previously for Ellef Ringnes by Balkwill and Hopkins (1976) who used the older term Eureka Sound Fm. _ . .

New work has recognized volcanogenic components in the Isachsen, Christopher, and Hassel formations, some at stratigraphic levels not Walker Island _Member- very fine- to coarse-gralned quartz sandstone
previously reported. They expand southwestward the region of known Cretaceous volcanic occurrences in the Queen Elizabeth Islands 02 (and unconsolidated sand), carbonaceous siltstone, carbonaceous
described by Embry and Osadetz (1988). shale, minor quartz-pebble conglomerate and coal.

Mafic intrusive rocks are widespread in the northern third of the island. Most of the intrusions are sills; dykes trend north and north-northeast.

They are assigned to the Queen Elizabeth intrusions following Buchan and Ernst (2004) based on dyke orientaton. Sills commonly occur near Late Barremian
the stratigraphic contact between the Deer Bay and Isachsen formations, and are up to 50 m thick. At Cape Cairo, two vesicular sillsup to 10 m
thick occur as high as the Christopher-Hassel contact, with one below the contact and one above. | 1S

Three light-coloured oval alteration zones (unit JKDBa) of uncertain age occur in the Deer Bay Fm northwest of Louise Fiord. They define a | S B 8700 Ie)
line on-trend with a north-northeast-trending fault. One of the oval alteration zones was dentified by Stott (unpublished field notes). A second N_| Rondon Member: shale, siltstone, and very fine-grained sandstone.
was recognized as a similar feature in SPOT imagery (T. Brent, pers. comm., 2010), and the third was identified in this compilation. 8
STRUCTURES g
Folds Late Valanginian to Early Barremian

The distribution of map units on Ellef Ringnes Island is controlled at the largest scale by the general southward dip from the northwest limit of — 98
Superimposed an his regional i are g scale, noriiest ending. apen fods and warps. cormoriy withwavelengthe +5 k. and nerim | Paterson Island Mermber: very fine- {o coarse-grained quartz
angles generally >150°. These folds affect all dretaceous and oldeqr stratigraphic units ahd are assumed to have formed dl)ring Eurekan | S.andStone {and uneansolidated sand), V_e:m qual p_ebbly Sand.Stone‘
(Paleogene) deformation. The folds plunge gently south as a result of the regional southeast dip. Tilting associated with emplacement of siltstone, carbonaceous shale, and coal; includes minor volcanic and
evaporite diapirs resulted in the most significant local structural relief. Within 1 km of the flanks of the diapirs beddingincreases in dip laterally volcaniclastic member (KIPIv).

6
from < 15°, typical of most of the island, to steep or overturned at the faulted boundaries of the evaporites. —|l @ ,
Faults - 20 JURASSIC AND CRETACEOUS

The outer contacts of evaporite diapirs are interpreted to be faulted, but unconformities cannot be ruled out. Other steep faults occur in four L
associations. Those spatially associated with the evaporite diapirs have wide variation in strike. The remaining three groups each has consistent UPPER JURASSIC AND LOWER CRETACEOUS
strike and is geographically limited. Thrust faults are rare, and haveminor displacement.

Steep faults associated with evaporite diapirs offset Cretaceous strata bounding the diapirs, as well as the diapir boundaries. They occur in 94 . . .
patterns radial to the diapirs, commonly at strikes of 30° to 60° to the local diapir boundary. Groups of faults have opposing strike angles to the Early Tithonian to Late Valanginian
diapirs and opposing apparent strike-slip displacement (e.g. Inset 1 - Isachsen Dome). The faults are interpreted as extensional faults that
formed during deposition of Cretaceous units, andwere later tilted during diapiric movement, resulting in apparent strike-slip offset of opposing Deer Bay Formation: shale, siltstone, minor sandstone; includes local fine- to
senses. One example of this type of fault pattern is on the southwest flank of Dumbells Dome (Inset 5 on Evenchick and Embry, 2012). There, . ] [ . s : g 1 . { \ \ ; P ;

700 m of apparent offset of the Isachsen-Christopher contact represents 600 m of syn-Christopher dip-slip if the fault was extensional. Variation VA == - ' e Al o = 1 S\ © ) \\7 =1 < | o i Y N 7 T \ L ] Y - A \ g ] > = ‘ ! coarsg grained and pebbly-satidstanc meraker (JKERS), Bnd light Goloured
in thickness of the Macdougall Point Mb within and outside the graben indicates that most of this displacement occuried during deposition of the ! B bl T .. Al . A ) N HLN S /R N 4 N 7 Y 1 2 ‘ / { / 2 ) W ‘ | | | 92 alteration zones (JKDBa).
upper member of the Christopher Fm. Similar relationships are present around Isachsen Dome, but there the Invincible Point varies in thickness, | Tl . e = ! : { A A % O | i s ! & } \ o ; 4 !
indicating earlier activity than the Dumbells example. Faults associated with the evaporite exposure at Hoodoo Dome are anomalous in that the | A JURASSIC
radial pattern has a northeast preferred orientation. In addition, a group of faults and associated folds southeast of the evaporite exposure are ‘ q \ “ [ . . \ ! < 0 & - 3 | i N 7 " =l
_rad_ial to an area of no surface exposure of evaporite. These _faults are probably associated with a dome of evaporite in the shallow subsurface, as | ‘\‘ g i | T [T ,, ) s o g ; " =V Y 4 | i ) M) (0 \ f X V4 UPPER JURASSIC
indicated by the presence of evaporite at 336 m and deeper in the Hoodoo L-41 well. 1 =" o\ A N U % p ¥ T & g = ! \ et BN - i A / l y { o 90
Steep north-northeast-trending faults are common in the northern half of the island. In many cases their apparent offset, typically < 1 km, can | i - : v‘ 4 / \\‘ / { ) f ) & ¢ INAT \ M \ Y A 9 )\ \ q .. — i ; ; o
I be determined from local markers. Map relationships locally permit interpretation of sense of displacement; these cases are commonly dip-slip. | [ ~ ) \ 4 ¥ : : Early Oxfordian to Kimmeridgian
Whether individual faults accommodated crustal extension or contraction is difficult to determine because the direction of dip is obscured in ) "
almost all cases. A small proportion have been interpreted as normal faults, and fewer as reverse. Three larger scale relationships suggest that / X . . . .
many of the north-northeast-trending faults are extensional. They are spatially associated and parallel with dykes (and related sills), and with i\ | S——. JR Ringnes Formation: dark grey to black shale, siltstone; includes large
prominent aeromagnetic anomalies interpreted to reflect dykes in the subsurface. In addition, the few occurrences of volcanic / volcaniclastic \ A i R 3 / ‘ \ ‘ 3 i o / / 7 y 1S \ 1 | . mML.__._ﬁ-o— 88 buff-weathered concretions.
rocks are spatially associated with these faults. Finally, groups of faults have opposing apparent offset and loss of stratigraphy along the fault; L 2 ’ | T .' % . i doeo N L7 NS R : N ' d 4 = / ) D ) B ( M / : 7 £ N s ) d | T o
patterns that combined suggest that they are extensional faults. One fault at Reindeer Peninsula with exposed fault surface and slickenlinesis a ; * T ) I
normal fault based on stratigraphic offset. The majority of folds less than 1 km in wavelength trend north-northeast and are spatially associated LOWER AND MIDDLE JURASSIC
with this suite of faults. In some cases the folds are parallel with and beside the faults. In the normal fault example at Reindeer Peninsula, folds Y Z
along trend of the fault accommodated the same displacement as the fault. b ) ' b . / | /B . I . % H / Lo / S ! N \ - ! P2 y P e 7 00 i
East-trending faults are limited to Reindeer Peninsula and northeast of Deer Bay. They accommodated south-side-down displacement, but | N | — { ' | I'. .. f o | f aly /) - \ . s % Y ) | i 1 Wi X X ' ' e ) 4 e f { -] 86 Bajocian to Callovian
whether they accommodated crustal contraction or extension is uncertain because the dip directions are obscured. Faults south of Hoodoo o \ | Vivd Y / | ; f \
Dome trend northeast, and offset Hassel Fm and immediately bounding strata. Small folds are parallel with these faults. \ KRISTOFFER KRIS%’OFFER | v \ | { - J 1 ih \ = { p : A Y i -
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