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ABSTRACT 

A reconnaissance of parts of the Lower Palaeozoic Frank
linian eugeosyncline and the Lower Cambrian or older Cape Columbia 
Group has been carried out. The Cape Columbia Group consists of 
argillaceous, quartzose, and calcareous sediments showing low grade 
regional metamorphism. The pre-Silurian succession of the eugeo
s yncline is incomplete, strongly faulted, and not fossiliferous. A 
thick sequence of slate, phyllite, sandstone, ribbon chert, dolomite, 
limestone and volcanic ~ocks has been assigned to the Rens Fiord 
Complex . The area probably contains the most complete Silurian and 
Devonian section of the eugeosyncline. The Lower Silurian and (?) 
older Imina Group, composed chiefly of lithic arenite and siltstone, 
was derived from metamorphic rocks and limestone off the north 
coast of Ellesmere Island. The Middle and Upper Silurian strata of 
Ellesmere Island - more than 10, OOO feet thick - consist of slaty 
siltstone and shale with quartzose sandstone, volcanic rocks and some 
conglomerate in the Upper Silurian. Devonian strata preserved only 
in Axel Heiberg Island comprise 12, OOO feet of largely non-marine 
elastic sediments (Stall worthy Format ion) overlain by 10, 500 feet of 
turbidites and volcanic rocks, (Svartevaeg Formation). 

There is evidence for several pre-Silurian orogenies. 
Caledonian movements - probably confined mainly to Axel Heiberg 
Island - took place between Middle Silurian and Middle Devonian time 
with intermittent tectonism and keratophyric volcanism in the late 
Middle and early Upper Silurian. Strong Mid-Palaeozoic movements 
affected the whole area between Lower Devonian and Upper Missis
sippian time and probably c ulminated in Upper Devonian(?) granitic 
intrusions. 





PRE-MISSISSIPPIAN ROCKS OF NANSEN SOUND AREA, 
DISTRICT OF FRANKLIN 

INTRODUCTION 

The area investigated, comprising northernmost Axel 
Heiberg Island and northwesternmost Ellesmere Island, is bounded 
by 80 °45 1 and 82 "09 'N lat., and by 83 •oo' and 95 °05 'W long.; the 
northwestern part has not been mapped completely. 

Geological reconnaissance in parts of the area was carried 
out by Schei in 1902 (1903, 1904) 1, Christie in 1954 (1957), Roots in 
1955 (1963), Thorsteinsson in 1957 (Thorsteinsson and Tozer, 1960, 
pp. 8, 10, 11), and by P.E. Fricker of the Jacobsen-McGill 
University Arctic Research Expedition in 1960 and 1961 (Fricker, 
1961; Fricker and Trettin, 1962). 

During the 1961 and 1962 field seasons the writer was a 
member of 'Operation Eureka 1 , an airborne operation of the 
Geological Survey of Canada based at Eureka, Ellesmere Island. 
The object of this operation· was a geological reconnaissance of Axel 
Heiberg Island and the central and northwestern parts of Ellesmere 
Island. The program was directed by R . Thorsteinsson and the 
responsibilities were divided as follows: pre-Mississippian 
miogeosyncline - J. W . Kerr; pre-Mississippian eugeosyncline -
H.P. Trettin; Carboniferous and Permian rocks of Sverdrup Basin -
R. Thorsteinsson; and Mesozoic and early Tertiary rocks of 
Sverdrup Basin - E.T. Tozer. The writer spent most of the two 
field seasons in Nansen Sound area. 

The brief summary of the geology of northernmost Axel 
Heiberg Island in the first part of this paper is based on an earlier 
report (Fricker and Trettin, 1962), with some additions and 
modifications resulting from subsequent work by the writer. 

Acknowledgments 

The writer is indebted to P. E. Fricker for information 
and advice. The fossil identifications were made by J. W. Kerr, 
B . S. Norford, and R. Thorsteinsson, and the age determinations by 
J.A. Low.don and R.K. Wanless. Professor K.C. McTaggart and 
Professor J. V. Ross of the University of British Columbia have 

lnates and/or names in parentheses refer to publications listed in 
the References. 
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given advic e on some thin sections. The pilots, V. Andreasen, 

J. Jamieson and J. Kershaw of Bradley Air Services, Ottawa, 
skillfully operated their Piper Super Cub aircraft under difficult 
conditions. 

Accessibility 

The nearest settlement and airstrip is at Eureka, a 
weather station on Slidre Fiord on the west coast of Ellesmere 
Is l and (85°54'W long., 80°00'N lat.), jointly operated by the 
Department of Transpor t and the United States Weather Bureau. The 
geological investigation of this region prior to 1955 was carried out 
in the spring and e arly summer with dogs and sledges. Since 1955, 
helicopters and s mall planes equipped with skis or oversized wheels 
have been used. In the summers of 1961 and 1962, the seasons for 
aircraft-supported field work lasted approximately from the middle 
of June to the middle of August. Before the middle of June most of 
the outcrops were covered with snow, and after the middle of August 
low hanging cloud s and partial snow cover seriously hindered flying. 

Regional Setting 

Nansen Sound area is underlain by rocks ranging in age 
from Cambrian or Proterozoic to Triassic, and forming part of 
three geological provinces: a metamorphic-plutonic complex, 
Cambrian or older in age, termed "Cape Columbia Group"; the Lower 
Palaeozoic Franklinian eugeosyncline; and the Sverdrup Basin (comp. 
Thorsteinsson and Tozer, 1960). 

The area probably contains the most complete Silurian and 
Devonian section of the eugeosyncline, but fossils are sparse and 
structures complicated. The pre-Silurian succession is incomplete, 
strongly faulted, and apparently barren of diagnostic fossils. 

Structurally, the area belongs to two different belts. 
Northern Axel Heiberg Island lies near the northeastern margin of a 
belt of northerly to northwesterly trends and was involved in 
Caledonian, (~ stricto) movements. Northwestern Ellesmere 
Island, on the other hand, is characterized by predominantly 
northeasterly trends and may not have been deformed by these 
Caledonian movements. 



Period 
or 

Epoch 

Upper 
Mississippian 
and younger 

360+25 m.yr s . 
Upper(?) 
Devonian*' 

Devonian 

Devon ia n 
and(?) 
Upper 
Silurian 

Middle 
Silurian 

Pre-Silurian 
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T able of Formations 

Northernmost Axel Heiberg Island 

F or matio n 
and 

Thickness 
(feet) 

Unit 8 

Svar tevaeg 
Fo r m a tion 
Me mber 
B 
(7 , LOO +) 

Member 
A 
(3,400+) 

Stall worthy 
Fo rmation 
Member 
c 
(8,000 +) 

Member 

B 
( 1, OOO - 2, 500 ) 

Member 
A 
(O -3 ,O OO ) 

Unit 2 

Rens F iord 
Complex 

Lithol ogy 

Lime stonei minor quartz.ose sandstone, siltstone. 
s hale , conglorne rate, chert, dolomite 

- Angular unconformity with unit 7 and older rocks 

Quartz d io rite, granodiorite, diorite, dacite, a nd 
related rocks 

- Int rusive contact with units la, lb 

Volcanic arenite ; minor siltstone, tuf!, 
conglomerate, br e ccia , volcanic flow s , s laty 
shale 

Tu.f..1.·, volcanic flows, volcanic aren ite; minor 
si lt s tone, slaty s ha le 

- C o nformable contact 

Red siltstone, multico loured s h ale; m i nor 
quartzose sandstone, cong lomerate, li thic 
tu!!aceous arenit e 

a nd 

Quartzose sands tone, che rty conglomerate and 
breccia, silts tone (mostly red beds) 

Red si ltstone; minor quartz.ose sands to n e, 
co ng lomerate, shale 

- Angular unconformity 

Sl aty s iltstone and shale; minor lithic and 
tuifaceous arenite , tuif, cong lomerate 

- Fault contact 

c he rty 

Slate, phyllite, quartzos e sandstone, chert, 
dolomite , gr eens chis t, vo lcanic flows; quartzite, 
ho rniel s , m arble 

*K-Ar ag e dete r mina tion m ay indica t e age of me t a m orph is m a nd not of emplacement. 



Period 
or 

Epoch 

Tertiary 
or older 

Upper 
Mississippian, 
Pennsylvanian, 
Permian, and 
Triassic 

Lower 
Mississippian 
and/or older 

Upper 
Silurian 

Ea riy 
Upper, 
Middle, and(?) 
Late Lower 
Silurian 

Lower 
Silurian 
and ( ?) 
o lde r 

Pre-
Silurian(?) 

Lower(?) 
Cambrian 
or older 
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Table of Fo rmat1ons 

Northwesternmost Ellesmere Island 

Formation 
and 

Thickness 
(feet) 

Unit JO 

Unit 8 

Unit 7 
(5,000+) 

Unlt 6 

Imina 
Group 

Bourne 
Group 

Unit 3 

Unit 2 

Cape 
Columbia 
Group 

Lithology 

Serpentinite, dunite 

- Intrusive or faulted contact with lmina Group and 

Bourne Group 

Limestone, shale, volcanic flows; minor quartzose 
sandstone, siltstone, conglomerate, chert, 
dolomite, tuif, breccia 

- Angular unconformity with unit 7 and older rocks 

Diorite, syenodiorite, quartz monzonite, and 
related rocks 

- In t rusive contact with lmina Group and older 

rocks 

Slaty siltstone , qua rtzose , partly calc areous 
sandstone, slaty shale; minor chert-pebble and 

ranule -c onglomerate 

- Conformable contact 

Slaty siltstone and shale; minor lithic and 
tuffaceous arenite, tuff 

Unit 6a (intercalated in upper part of 6): tuff, slaty 
siltstone and shale , arenite; minor agglomerate 
and/ or volcanic conglomerate, volc anic flows, 

Lime stone 

- Conformable contact or fault 

Lithic a renite, siltstone, both calcareous , slaty 
shale; minor pebble- and granule- conglom erate 

- Fault contact 

Slaty siits t one and shale, green phyllite, volcanic 
flows; hornfels; abundant diabase intrusions of 
Unknown al!e 

- Not in contact 

Phyllite, slate; phyllitic, partly argi lla ceous 
limestone 

- F ault contact 

Volcanic flows, limestone; minor vo lcan ic breccia, 
tuff 

- Probable fault contact 

Mica schist, mica-garnet schist, quartzite, 
marble, amphibolite; minor phyllite, greenschist , 
hornfels 
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On the Tables of Formations the rock units of Sverdrup 
Basin have not been differentiated. These will be dealt with in 
separate reports by Thorsteinsson and Tozer. Geological maps of 
the area covered by this report are in preparation. They are to 
follow the N. T. S. system of subdivision and will be on a scale of 
4 miles to 1 inch. 

PRE-MISSISSIPPIAN ROCKS OF NORTHERNMOST 
AXEL HEIBERG ISLAND 

Rens Fiord Complex 

The Rens Fiord Complex outcrops north and south of the 
bay it is named from. It consists of a thick assemblage of elastic 
sediments, carbonates, chert, and volcanic rocks that have been 
assigned to four lithological sub-units. One of these, sub-unit la, 
may comprise strata of different ages; the others appear to be strati
graphic units of formational rank. 

North of Rens Fiord, sub-unit la is composed of light to 
dark grey, partly reddish phyllite and slate with lesser amounts of 
'ribbon' chert, quartzose siltstone and sandstone. A belt near 
Aurland Fiord differs from the assemblage north of Rens Fiord in 
containing argillaceous and pure dolomite and iri lacking red phyllite. 
A unit north of Rens Fiord, particularly rich in bedded chert has 
been designated "la-eh" although the chert content does not exceed 
20 per cent of the whole assemblage. 

Sub-unit lb, which trends in a broad belt from the vicinity 
of Cape Thomas Hubbard towards the northern extremity of the 
map-area, is predominantly sandstone with lesser amounts of 
siltstone, slate, phyllite, and granule conglomerate. The sandstone 
is composed mostly of rounded grains of quartz and minor feldspar -
mainly microcline and albite - cemented by silica or embedded in 
muscovite and chlorite. The sandstone is poorly to moderately well 
size-sorted, partly crossbedded, and mostly schistose . Light grey, 
cherty dolomite units associated with quartzose sandstone and phyllite 
occur north of Rens Fiord and near Cape Thomas Hubbard. 

Sub-unit le comprises three carbonate belts exposed north 
and east of Rens Fiord and around Aurland Fiord. The carbonates 
east of R,ens Fiord occur in a fault slice between 500 and 1, OOO feet 
thick and consist of microcrystalline dolomite, partly dolomitized 
limestone, and microcry stalline limestone. The strata around 
Aurland Fiord, probably about 2, 500 feet thick, consist predominantly 
of dolom i te . In both areas the rocks are partly laminated, show some 
intraformational brecciation , and contain numerous str ingers and 



- ') -

irregular lenses of chert. Southeast of Aurland Fiord, pisolitic 

stromatolites (classification after Donaldson, 1963), and some of 
the laminated strata in both areas may contain undulatory stroma
tolite s . 

An iso lated mass of laminated to thin-bedded limestone 
and dolomite has been mapped immediately south of the western 
ice-cap. The carbonates of this outcrop have been replaced 
extensively by chert. The outcrop may be a fault block equivalent 
to the sequences described above . 

Sub-unit ld, composed of about 1,400 feet of carbonate 
rocks and volcanic strata, is exposed in three southeasterly trending 
be lts of, in part, highly disturbed fault slices . Three members are 
recognized: a lower member composed of both dolomite and volcanic 
flow roc ks including some pillow lavas; a middle member made up 
predom inantly of flow rocks; and an upper member consisting mostly 
of fra gm ental volcanic g reenschist. Some of the dolomite beds g rade 
laterally into lirr1estone. Most are of small extent, some with a 
strike leng th of less than a mile. The volcanic flows are generally 
only one or a few feet thick. The mineralogy of the volcanic rocks 
conforms with the greenschist facies of low-grade regional meta
morphism (Fyfe, Turner, and Verhoogen, 195 8 , p. 229) but this is 
probabl y the result of spilitization and local alteration during 
faulting, rather than regional metamorphism. 

The stratigraphic order of these four sub-units has not 
been worked out with certainty. Southeast of Aurland Fiord, sub
unit le is comparatively little deformed and seems to overlie parts 
of sub-unit la and probably also of sub-unit lb with unconformity, 
either a depositional unconformity or a low-angle thrust fault; the 
contacts have not been seen exposed. The internal structure of the 
Rens Fiord Complex is characterized by northerly to predominantly 
northwesterly trends and severe faulting. The complex seems to 
form a northwesterly trending complicated horst or faulted arch, 
bordered in the northeast and southwest by unit 2, with sub-unit le 
at the flanks of the uplifted structure . 

The complex is intruded by dioritic plutons of unit 8. 
Along the (50uthern border of the map-area it is overlain with great 
angular unconformity by Carboniferous sediments. 

The complex differs markedly in lithology and degree of 
deformation from the Silurian and Devonian units of Nansen Sound 
area and must be pre-Silurian in age. Muscovite from a phyllitic 
sandstone of sub-unit lb has yielded a K-Ar age of 535 ±_ 35 million 
years. This result suggests that the schistosity of the rock developed 
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in Cambr ian time (Kulp, 1961) but the age obtained could be too high 
because of incomplete recrystallization, or too low because of 
argon loss during later periods of deformation. 

Parts of the Rens Fiord Complex are comparable in 
lithology and grade of metamorphism to parts of the Mount Disraeli 
Group of northernmost Ellesmere Island (Blackadar, 1954; Christie, 
1962) and to units 2 and 3 of northwestern Ellesmere Island. 

Unit 2 

This unit is exposed in a belt extending from Cape 
Stallworthy for about 18 miles to the southeast and in an isolated 
outcrop about 3 miles southwest of Aurland Fiord. The thickness 
of the strata southeast of Cape Stallworthy is probably about 3, OOO 
feet. The unit consists predominantly of dark grey slate and siltstone 
with lesser amounts of lithic arenite, tuffaceous arenite, and tuff. 
Tuffs and arenites are composed of varying amounts of volcanic 
material - chiefly keratophyric and quartz-keratophyric in compo
sition - and carbonate and quartz. Most of the arenite is fine to 
medium grained but contains pebble- and granule-s ized chips of dark 
grey shale. Penecontemporaneous deformations and graded bedding 
have been observed but the latter is not as well developed as in the 
Svartevaeg Formation. A few groove casts indicate southeasterly to 
easterly current directions. 

East of Rens Fiord the internal structure of the unit is 
very complicated; south of Cape Stallworthy it is less disturbed. The 
main belt east and northeast of Rens Fiord is in fault contact with 
sub-unit le and overlain with low to moderate angular unconformity 
by the Stallworthy Formation. East of Rens Fiord the angular 
discordance is about 10 to 20 degrees. The isolated outcrop south
west of Aurland Fiord is probably in fault contact with sub-unit le. 

Allochthonous fossils from a conglomerate in the lower or 
middle part of the unit have been assigned by B.S. Norford to the 
Llandoverian or Wenlockian. Pr imary structures suggest that this 
conglomerate is a submarine slide. Graptolites collected approxi
mately 50 feet below the contact with the Stallworthy Formation have 
been identified by J. W. Kerr and R. Thor steins son as Wenlockian, 
probably late Wenlockian in age. Lithologically similar strata of 
northwes.tern Ellesmere Island (units 6 , 6a) are, on the basis of 
graptolite collections, considered as early Ludlovian in age. 
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Stallworthy Format ion 

The name "Stallworthy Group" was given by Fricker and 
Trettin (1962) to a thick succession of mostly r ed elastic sediments 
exposed near Cape Stallworthy. The term "group" was used in a 
reconnaissance sense and the sub-units mapped were informally 
terme d "divisions". The Stallworthy Group is here redefined as a 
formation and the original divisions are now termed "members". 

Outcrops of the formation, which is about 12, OOO feet 
thick , extend from the vicinity of Cape Stallworthy for about 22 miles 
to the southeast. Member A (0-3, OOO feet) thins rapidly along strike 
in a northwesterly direction and consists of basal pebble-conglomerate 
and sandstone (2SO _:'.:_feet) overlain by red siltstone with minor sand
stone z, -,. d shale. Member B (2,500-1,000 feet) comprises conglom
erate and breccia ranging from granule to cobble grade , current 
crossbedded quartzose sandstone, and a lesser amount of siltstone. 
The sediments weather in shades of grey, red , and brown. Member 
C (8, OOO+ feet) comprises alternating units of red siltstone and 
green, minor dark grey shale, with several successions of cross
bedded sandstone, pebble -conglomerate, and calcareous and tuffaceous 
a:::-enite . The conglomerates and breccias of the Stallworthy 
Formation are composed mostly of chert; the quartzose sandstones 
are of rounded quartz, subrounded to subangular chert , and not more 
than a few per cent of rounded feldspar and muscovice. The induration 
oi the strata varies but is generally lower than in other rock units 

of the area. 

The incompetent shaly and silty units are intruded by 
numerous basic sills and some d ykes . The strata strike regularly 
northwest and most dip steeply to the northeast. The Stallworthy 
Formation overlies unit 2 with low to moderate angular unconformity 
and is overlain with almost abrupt but apparently conformable 
contact by the Svartevaeg F ormat ion . Red coloration, rapid facies 
changes, and current crossbedding suggest that much of the 
formation is non-marine in origin. The shale of Member C is 
probably in part marine. 

Diagnostic fossils are rare. Fossil fish from a calcareous 
shale abou~ 4, 500 to 5, OOO feet above the base of Member Care 
considered by R. Thorsteinsson as Lower or Middle Devonian, 
probably Lower Devonian in age. 
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Svartevaeg Formation 

The name 11 svarte vaeg", meaning "black wall", was given 
by Sverdrup, the discoverer of Axel Heiberg Island, to ·the dark
coloured, rugged cliffs on the northeastern coast of that island. The 
L;:,wer Palaeozoic volc anic and sedimentary rocks at Svartevaeg 
overlying the Stallworthy Formation were assigned by Fricker and 
Trettin (1962) to a group, composed of two divisions. The term 
"group" was used in a reconnaissance sense. The "Svartevae g 
Group" is here redefined as a formation and the two divisions are 
now termed "members". Member A (3,400 ..:!:_feet) consists of 
volcanic flow rocks, partly pillow lavas, tuff, volcanic arenite, and 
minor amounts of slaty siltstone and shale. The volcanic rocks 
examined were keratophyric and spilitic in composition. Member B 
occurs in two fault blocks with a probable total thickness of about 
7, OOO feet. It consists predominantly of volcanic arenite and lesser 
slaty siltstone, conglomerate , breccia, slaty shale, tuff, and 
volcanic flows. The upper 200 feet or so is composed of basaltic 
breccia with fossiliferous limestone fragments. 

The sedimentary rocks form numerous g raded sequences 
suggestive of turbidity-current depo sit ion. Most of the conglomerates 
and breccias appear to be submar i ne slides. The volcanic material 
in the sediments examined was mostly keratophyric in composition. 
The northern half of the Svartevaeg Formation forms a southeasterly 
plunging sync line with steeply dipping limbs. The contact with the 
Stall worthy Formation is not exposed but is probably conformable . 
The formation is overlain with angular unconformity by Visean 
sediments (Kerr and Trettin, 1962). 

No autochthonous fossils have been found in the formation. 
Fossils in a lar g e slumped block of limestone and in limestone 
fragments included in basaltic breccia are Silurian. Other 
allochthonous fossils are Silurian or Devonian. The stratigraphic 
position of the Svartevaeg Formation above the Stallworthy Formation 
indicates that the Svartevaeg is Devonian or Lower Mississippian. 
The apparent absence of Lower Mississippian strata in the Arctic 
Archipelago would seem to favour a Devonian age. 

Unit 8 

Unit 8 comprises six quartz-diorite and granodiorite 
plutons north of Rens Fiord and at Svartevaeg, a diorite intrusion 
southwest of the entrance of Aurland Fiord, and two dyke-like 
masses of porphyritic dacite southeast of Aurland Fiord. Other 
relatively small outcrops of granodioritic rocks are present north 
of Rens Fiord. The pluton at Svartevaeg is in fault contact with the 
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Stallworthy Formation and car ::ies roof pendants of thermally 
metamorpho sed carbonate, sha le, and chert. The other plutons 
and the dykes intrude sub - units l a and 1 b of the Rens Fiord Complex. 
The small size of these plutons (le ss than 1.5 miles in length), their 
cros scutting relation , and the lov; grade of metamorphism of the 
intruded succession, ind icate high -level magmatic intrusions. Four 
plutons north of Rens Fiord lin ing up with a fifth at the entrance of 
Aurland Fio r d may be surface extensions of a continuous body at 
depth. AK-A r dete rmination on biotite has yielded an age of 
360 + 25 million years (Upper Devonian?, Kulp, 1961). The rocks 
are similar in mineralogy and set t ing to plutons of unit 8 in north
western Elle smere Island. 

PRE-MISS ISSIPPIAN ROCKS OF NORTHWESTERNMOST 
ELI..ES:\IERE ISLAND 

C a pe Columbia Group 

The C a pe Colurnbia Group was named and first described 
by Blackadar ( 1954) and studied fur ther by Christie (1957, 1962). It 
comprises a great vari et y of s ed im entary and plutonic rocks showing 
a wide range but di=-tinctly higher grade of metamorphism than other 
units of the region . 51ackadar and Chri s tie have shown that these 
crystalline rocks outc.-op intermittently along the northern coast of 
Ellesmere Is la nd between Cape Aldrich and Phillips Inlet. Three 
isolated and inc omplete l y map?er2 ou~c rop areas in the northwestern 
part of the present map - a ,-ea .oeem to form a southwestern extens ion 
of this metamorphic bell . The ar e as a re underlain by various types 
of schist, gneiss , arn. phi bolite, quartzite, marble, hornfels, and 
minor phyllite showin'5 LJw to intermediate grades of regional 
metamorphism, superimposed contac t metamorphism and meta
somatism, and subseql'.ent Local dynamic and retrogressive meta
morphism. The ro ck.> appear to have been predominantly pelitic, 
s iliceous, and calca::-eou,; s ediments but included, west of Phillips 
Inlet, also some voic an ic strata. The structure of the metamorphic 
rocks appears to be extreme l y complicated. East and west of 
Phillips Inlet the rocks a re intruded by numerous granitic bodies 
(units 8, 8a) pro bably re l a ted t o a stock at the entrance of Phillips 
Inlet. In the outcrop area east of Henson Bay only one small pluton 
has been m a pped but others ma y he present. The contacts of the 
Cape Col=bia Group with a dj ac ent map-units appear to be faulted. 
Lithology, grade of metamorphism, distribution, and contact 
relations suggest th at Lhe bulk of the strata assigned to unit 1 is not 
equivalent to other rock units of the area but represents uplifted 
older rocks. Some of the low- grade metamorphic phyllites, however, 
may be fa ult slic es or infolds of younger formations. Blackadar 
(1960) and Ch ris tie I 1957 ) have prese nted evidence that at least some 
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oi the rocks of the Cape Columbia Group are Cambrian or older, 
and Haller (1961) has suggested that the metamorphism of the group 
is correlative with a Proterozoic orogeny of northern Greenland. 

Unit 2 

Unit 2 outcrops in two belts east and west of the main arm 
of Phillips Inlet. Two lithological sub-units are shown on the map. 
Sub-unit 2a consists of carbonate rocks, mainly light to dark g rey, 
microcrystalline, in part laminated limestone. Sub-unit 2b is 
composed of basic volcanic flows with some flow breccias and acidic 
to intermediate tuffs. The two rock types are repeated several 
times and the contacts between them appear to be faulted. West of 
Phillips Inlet the sequence is a-b-a, and east of the inlet b-a-b. 
Individual fault slices are generally about a hundred or a few hundred 
feet thick. In both areas unit 2 overlies the Cape Columbia Group. 
This contact is -judging from the distribution of the sub-units - at 
least in one of the two areas and probably in both, a fault. West of 
Phillips Inlet unit 2 is overlain with fault contact by the Imina Group, 
and east of the inlet with faulted contact by unit 3. The volcanic 
rocks are partly altered but the preservation of clinopyroxene and 
zoned plagioclase suggests that they have not been subjected to 
regional metamorphism. On grounds of structural setting, meta
morphic grade, and lithology, the rocks are corrsidered as younger 
than the Cape Columbia Group and older than the Imina Group. They 
are comparable in lithology and degree of deformation to sub-unit ld 
of the Rens Fiord Complex. 

Unit 3 

Unit 3 comprises argillaceous and calcareous phyllites 
of unknown stratigraphic relationships exposed in three separate 
areas designated units 3a, 3b, and 3c. 

Units 3a and 3b outcrop west of the lower part of Phillips 
Inlet; unit 3c is exposed near the southeastern extremity of the map
area. Unit 3a is composed of light to dark grey slate and grey or 
greenish calcareous phyllite. Unit 3b is composed of light to dark 
grey, microcrystalline, phyllitic, partly argillaceous limestone 
with minor amounts of argillaceous and calcareous phyllite. Both 
units are pyritiferous. Unit 3c comprises at least several hundred 
feet of gr'eenish grey, microcrystalline, phyllitic, argillaceous 
lime stone. The internal structural relationships of all three units 
are c omplicated, and the external contacts are faulted. Unit 3c is 
intruded by a small quartz-diorite pluton (unit 8). On the basis of 
litholo gy and metamorphic grade, unit 3 is considered to be younger 
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than the Cape Colwnbia Group and older than the Iznina Group. In 

litholo g y and grade of metamorphism it is comparable to the Mount 
Disraeli Group of northernmost Ellesmere Island (Blackadar, 1954), 
considered by Christie (1957) as Middle Ordovician or older. The 
ar gillaceous phyllite of uni t 3a resembles strata of unit la of the 
Rens Fiord Complex. 

Bourne Group 

Sedimentary, volcanic, and intrusive rocks on the 
northwest coast of Kleybolte Peninsula between Cape Bourne and 
Krue ger Island were assigned by Christie (1957) to a reconnaissance 
unit which he named the "Bourne Group". The thickness of these 
rocks is unknown but probably exceeds 1, OOO feet. The sedimentary 
and v olcanic rocks present include light greenish grey, partly 
laminated siltstone and slate, dark grey argillite and hornfels, 
altered andesite, and tuffaceous (?) green phyllite. More than hall 
of the unit consists of porphyritic diabase intrusions with coarse and 
abundant phenocrysts of plagioclase and less-abundant, finer-
grained phenocrysts of clinopyroxene. The Bourne Group is severely 
faulted. It is in fault contact with the Iznina Group and Permo
Carboniferous strata overlying that group. About 9 to 13 miles south 
of Cape Colgate the contact of the Bourne and Iznina Groups is 
intruded by a large ultrabasic dyke (unit 10). The intrusions 
and the sedimentary and volcanic strata of the Bourne Group are 
partly altered but do not show regional metamorphism. The volcanic 
and sedimentary rocks are considered as pre-Mississippian and -
on structural relations with the Imina Group and Carboniferous beds
possibly pre-Silurian in age. In Nansen Sound area, diabase 
intrusions occur in consolidated strata of all ages, but sills and 
dykes with abundant coarse-grained plagioclase phenocrysts have 
been observed only in the Bourne Group. 

Imina Group (unit 5) 

This group was named by Christie (1957) to include a 
sequence of sedimentary rocks of unknown thickness, age, and 
contact reLjttions described as fine- to mediwn-grained, limy 
greywacke, sub- greywacke, and argillaceous greywacke outcropping 
along the north coast of Ellesmere Island between Phillips Inlet and 
Cape Bourne. 

The Imina Group as mapped and described by Christie has 
been extended southward to the north shore of Emma Fiord. In its 
typical geomorphic expression it forms rolling plains and ro unded 
hills covered with slabs of bedrock, weathered in place and cros s ed 
by nwnerous basic dykes more resistant to weathering. The 
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thickness appears to be in the order of thousands of feet and the 

lithology is rather uniform. The group consists predominantly of 
light greenish grey, partly buffish weathering lithic arenite 
(terminology after Gilbert, 1955, p. 293), and siltstone with a 
lesser amount of dark grey, slaty shale and a little granule- and 
pebble-conglomerate. Nearly all of these rocks are calcareous, 
and some carry authigenic pyrite. The lithic arenite is composed 
of carbonate grains (mostly microcrystalline limestone and 
individual crystals of calcite), quartz, and quartzite with smaller 
fractions of muscovite, feldspar, chert, chlorite, schist, phyllite, 
and 'iron ore'. The matrix consists of calcite and relatively coarse 
flakes of muscovite and chlorite. Arenite beds are mostly a few 
feet thick, and the finer-grained rock types are thin-bedded to 
laminated. Ripple-marks are common; crossbedding, g raded 
bedding, and soft sediment deformations are comparatively rare. 

The structure is poorly exposed and appears to be 
complicated. The lower contact has not been seen. In a south
westerly plunging anticline in the southeastern part of the map-area, 
strata lithologically similar to the Imina Group are overlain with 
abrupt but structurally confo r mable contact by unit 6. This contact 
may be a fault but graptolite collections ind icate that the strati
graphic separation would not be large. The Imina Group is i n fault 
contact with the Bourne Group and the Cape Columbia Group. In 
some local i ties it is unconformably overlain by Carboniferous strata; 
in others the contact is a fault. The heterogeneous composition of 
the plagioclase suggests that the group has not been subjected to 
regional metamorphism. 

The uppermost strata underlying unit 6 carry graptolites 
assigned by J. W. Kerr and R. Thorsteinsson to the Llandoverian. 
The Imina Group appears to be correlative with parts of the Cape 
Phillips Formation (Thorsteinsson and Kerr, 1962) and the Cape 
Rawson Group (Kerr, in Jenness, 1963, p. 6) of central and northern 
Ellesmere Island but is of coarser grade. 

Unit 6 

Unit 6 outcrops in several belts northeast and southwest 
of Emma Fiord, and near the southeastern extremity of the map
area. Two members can be distinguished; the lower member, 
more tha;n 1,200 and perhaps as much as 2,000 to 3,000 feet thick, 
consists predominantly of dark grey, slaty shale, dark grey to 
light grey, partly calcareous and mostly slaty siltstone, and a small 
amount of arenite. The strata are laminated to medium bedded . 
The upper member compri ses at least 850 feet but perhaps more 
than 2, 500 feet of slaty shale and siltstone with interbedded lithic 
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and tuffaceous arenite and tuff. The silts tones and shales are 
similar to those of the lower member. Arenite and tuf~ are light 
green and weather in shades of green, grey, and brown. The 
thickness of individual beds ranges from a few millimetres to 
several feet. The strata are partly crossbedded and poorly to 
moderately well size-sorted. Tuff, lithic arenite, and tuffaceous 
arenite are all composed of varying amounts of sedimentary and 
volcanic material and cannot be distinguished in the field. The 
volcanic material is mostly keratophyric and quartz keratophyric in 
composition but also includes more acidic and basic rock types. 
The sedimentary material consists predominantly of grains of 
carbonate and quartz with minor amounts of chert, muscovite, 
phyllite, schist, pe necontem po raneous a rgillaceous sediments, 
carbonaceous matter, and 'iron ore 1 • The internal structure of 
the unit is complicated and poorly exposed. Unit 6 overlies the 
Imina Group with abrupt, possibly faulted contact, but fossil 
collections indicate that the stratigraphic separation would not be 
large. It is conformably overlain by unit 7. Locally, it is 
unconformably overlain by Carboniferous strata. 

Several graptolite collections identified by J. W. Kerr 
and R. Thorsteinsson indicate that the age of the unit ranges from 
late Llandoverian or early Wenlockian to early Ludlovian, and that 
the upper member is early Ludlovian in age. Unit 6 is correlative 
with, and to some extent similar in lithology to parts of both the 
Cape Rawson Group of northern Ellesmere Island (Christie, 1962) 
and the Cape Phillips Formation of central Ellesmere Island 
(Thorsteinsson and Kerr, 1962). Tuffaceous rocks, however, have 
not been reported from either the Cape Rawson Group or the Cape 
Phillips Formation . 

Unit 6a 

Unit 6a, exposed only in the vicinity of Emma Fiord, 
appears to be a local volcanic lens intercalated in the upper part of 
unit 6. The thickness of the strata exposed is estimated to be in 
the order of 1, OOO feet. The unit consists predominantly of tuff, 
dark grey, slaty siltstone and shale, greenish grey arenite, 
agglomerate and/or volcanic conglomerate, a few lenses of limestone, 
and a few volcanic flows. The volcanic rocks appear to be mostly 
keratophyres and quartz keratophyres. The strata are strongly 
faulted. South of Fire Bay the volcanic rocks overlie slaty siltstone 
from which R. Thorsteinsson has collected early Ludlovian graptolites. 
Unit 6a is therefore probably Ludlovian in age. 
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Unit 7 

Unit 7, outcropping in the southern part of the area, 
comprises at least 5, OOO feet of strata. About 6 miles south of the 
head of Emma Fiord the lower 1,500 _feet contains about 80 per cent 
recessive siltstone and shale and 20 per cent sandstone with minor 
conglomerate. The overlying, ridge-forming 3,500 feet is composed 
of the same rock types but has a higher percentage of sandstone and 
conglomerate. About 6 miles southeast of the head of Emma Fiord 
this member is overlain by more recessive, silty rocks which, 
however, may represent older strata repeated by faulting . The 
siltstone of unit 7 is light to medium grey and weathers in shades 
of brown. The r ock is mostly laminated to thin-bedded and shows 
soft sediment deformations and low-angle c ros shedding. The 
sandstone is l ight to medium grey and ranges from fine to coarse 
grained, medium-grained rocks being most common. The sandstones 
are mostly thin to medium bedded and moderately well size-sorted. 
Coarse-grained and conglomeratic strata, however, are thick bedded 
to mass ive and range from moderately well to poorly sorted . The 
sandstones are composed predominantly of chert and quartz, 
generally less than 10 per cent carbonate, not more than a few per 
cent of feldspar, chlorite, muscovite, 'iron ore', schist, and phyllite 
with only traces of volcanic rock fragments, biotite, and hornblende. 
Most of the quartz and some of the feldspar is subrounded to well 
rounded. The chert is subrounded to subangular. 

Unit 7 seems to form a syncline disrupted by faults and 
unconformably overlain by Carboniferous strata. It overlies unit 6 
conformably. 

Graptolites from the lower part of unit 7 or from a fault 
slice of older strata associated with the unit collected about 6. 7 miles 
southeast of the head of Emma Fiord are considered by R. 
Thor steins son to be Ludlovian and contemporaneous with two 
collections from the upper part of unit 6. Another collection is of 
unspecified Silurian age. It seems that unit 7 is largely or entir ely 
Upper Silurian and is probably correlative with parts of the Cape 
Rawson Group (Christie, 1962; Kerr, in Jenness, 1963, p. 6) and 
an unnamed elastic formation of Middle{?) and Upper Silur ian age 
on northern Canyon Fiord (Thorsteinsson and Kerr, 1962). 

Unit 8 

Unit 8 comprises a small number of widely scattered 
mineralogically related, granitic intrusions and several migma t ite 
terranes in which these intrusions are associated with sedimentary 
and volcanic rocks. The intrusions can be classified as quart z 
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monzonite, granodiorite ,,_ quartz diorite, and diorite. Their texture 
varies from equigranular to porphyritic. Two types representing 
different levels of exposure may be distinguished. The plutons on 
Kleybolte Peninsula which are small - gene rally less than l. 5 miles 
in diameter -mostly massive and discordant, and which intrude strata 
showing very low grades of metamorphism, represent relatively high 
crustal levels. The intrusions on Phillips Fiord, on the other hand, 
which are of larger dimensions, in part foliate, mostly concordant, 
and which intrude metamorphic rocks, re pre sent intermediate 
crustal levels. The latter intrusions seem to be related to a stock 
at the head of Phillips Inlet which according to Christie (1957, p. 24) 
i s composed of fresh-looking adamellite. Although the intrusions 
seen by the present writer are partly schistose and altered, their 
metamorphism is probably due to local structural adjustments during 
and after emplacement rather than to regional metamorphism. 

The youngest unit intruded is the Lower Silurian and {?) 
older Irnina Group. The plutons on Kleybolte Peninsula are similar 
in lithology and setting to bodies in northern Axel Heiberg Island 
from which a K-Ar age of 360 _:'.:. 25 million years has been obtained. 
Biotite from a foliate i ntrus i on west of Phillips Inlet has yielded an 
age of 335 + 25 million years {Upper Devonian to Lower Pennsyl
vanian - Kcl.p, 19 61) suggesting that the mica formed or recrystallized 
during Mid-Palaeozoic movements. Muscovite from the foliate 
border zone of a pluton east of Henson Bay has an apparent K - Ar age 
of 260 + 25 million years {Permo-Pennsylvanian-Kulp, 1961). This 
pluton lies within 1/2 mile of a major fault, and the rocks of the area 
show some retrogressive metamorphism. The anomalously low age 
is probably the result of argon loss during fault movements in 
Pennsylvanian or younger time. 

Unit 10 

Unit 10 designates an ultrabasic dyke more than 5 miles 
long, composed of serpentinite and minor dunite which intrudes the 
contact between the Bourne Group and the Irnina Group on Kleybolte 
Peninsula. The contact is a fault which displaces Permo- Carbonif
erous strata, and the ultrabasic bodies were therefore probably 
emplaced during the Late Cretaceous or Tertiary orogeny 
(Thorsteinsson and Tozer, 1960; Christie, 1962) but may represent 
'cold' intrusions of an originally older age. The only other ultrabasic 
rocks known in the Queen Elizabeth Islands are dunite, norite, and 
peridotite discovered by Christie (1957) in the vicinity of Cape 
R .ichards in northernmost Ellesmere Island. 
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STRUCTURAL HISTORY 

Throughout the geological record the structural trends of 
northernmost Axel Heiberg Island were northerly to predominantly 
northwesterly and those of northwestern Ellesmere Island, with the 
exception of a small area west of Fire Bay, Emma Fiord, were 
predominantly northeasterly. The pronounced difference in trends 
and the high concentration of volcanic units on either side, not only 
in the Lower Palaeozoic but also in the Fermo-Carboniferous, 
suggest that Nansen Sound may be the site of a major fault zone. 

During the Lower Palaeozoic and probably also the Late 
Precambrian the area was part of a mobile belt subjected to several 
periods of deformation~ The Silurian and Devonian tectonic history 
has been partly worked out, but most of the pre-Silurian history is 
unknown. 

The Cape Columbia Group is the only unit of the area that 
shows true regional metamorphism. The metamorphic rocks occur 
mainly in uplifted fault blocks and seem to represent the oldest 
strata known in the region. The age of the metamorphism is not 
precisely known but stratigraphic observations by Christie (1957) 
and a K-Ar age determination of 550 + 35 million years (Blackadar, 
1960) suggest that it is Cambrian or clder. If these rocks have been 
affected by more than one pre-Ordovician orogeny the K-Ar age 
would probably indicate only the latest recrystallization. Haller 
(1961) suggested that the original metamorphism is related to the 
late Precambrian Carolinidian orogeny of northern Greenland. 

The Rens Fiord Complex of northern Axel Heiberg Island 
and units 2 and 3 of Ellesmere Island show a higher degree of 
structural deformation and a better developed schistosity than the 
Silurian and younger rocks of the area, which suggests that they 
have been subjected to a pre - Silurian orogeny. AK-Ar determination 
on muscovite from a schistose sandstone of the Rens Fiord Complex 
has yielded an age of 535 + 35 million years and coincides, within 
the limits of confidence s~ted, with the apparent age of the 
metamorphism of the Cape Columbia Group. According to Kulp's 
(l 961} time scale both lie in the middle part of the Cambrian, and 
the determination from the Rens Fiord Complex lies in the late 
Middle Cambrian. It is possible that both are related to an orogeny 
of the eugeosyncline contemporaneous with or somewhat earlier than 
an epeirogeny of the miogeosyncline and the Arctic Lowlands indicated 
by an extensive post-Middle Cambrian disconformity (Douglas, Norris, 
Thorsteinsson, and Tozer, 1963; Cowie, 1961}. 

The significance for the present map-area of unconformities 
reported by Christie (1957, 1962) at the bases of the Ordovician (? l 
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M 'Clintock Group and the Middle and Upper Ordovician Challenger 
Group of northernmost Ellesmere Island is unknown. 

Composition, textural features, order of thickness, and 
facie s relations of the Lower Silurian and (?) older Imina Group 
suggest that it is a post-tectonic deposit derived by uplift and 
erosion of an area off the present north coast of northwestern 
Ellesmere Island. The source area of the sediments was underlain 
by metamorphic rocks comparable to the Cape Colunibia Group and 
by little metamorphosed limestone. 

An unconformity with low to moderate angular discordance 
between late (?) Middle Silurian and Lower or Middle Devonian (?) 
strata shows that northern Axel Heiberg Island was affected by 
Caledonian movements (Trettin, 1963). The presence here of a 
great thickness of Upper Silurian rocks removed from northern Axel 
Heiberg Island by Caledonian erosion, and deviating structural 
trends, suggest that most of northwestern Ellesmere Island was not 
involved. Intermittent Middle and early Upper Silurian tectonism in 
the vicinity of Nansen Sound is indicated by turbidite s, a submarine 
slide, and keratophyric volcanic rocks intercalated with normal 
siltstone and shale. In northwestern Ellesmere Island the greatest 
thickness of volcanic strata occur s on Fire Bay, Emma Fiord, where 
northeasterly and northwesterly trends intersect. Upper Silurian 
sandstone and conglomerate of great thickness exposed on Emma 
Fiord were probably derived from areas elevated by Caledonian 
movements. 

The volcanic rocks, turbidites, and submarine slides of 
the Devonian Svartevaeg Formation mark the beginning of Mid
Palaeozoic earth movements which culminated in folding, faulting, 
and probably granitic intrusion. The Mid-Palaeozoic structures are 
overlain with angular unconformity by Visean sediments (Kerr and 
Trettin, 1962). 

The deformations of Fermo-Carboniferous and Trias sic 
strata seen are attributed to Late Cretaceous or Tertiary orogeny 
(Thorsteinsson and Tozer, 1960; Christie, 1962). In the northern 
parts of Ellesmere Island these deformations consist mostly of faults. 
In the southern parts of the Ellesmere Island map-area faults and 
southweste

0

rly plunging folds have been recognized. 
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