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ABSTRACT

Evaporiles of Combrian, Ordovician, Sifurian, De-
vonian, Mississippian to Pennsylvanian, and Early Permian
ages are exposed on the Arevic Islands. Qf these evaporites,
the rhickest and most widespread are the Ordovician Bau-
mann Fiord and Bay Fiprd formations, und the Missizssippi-
an-Pennsyivanian Otto Fiord Formation. The Otto Fiord
Farmation is the source of numeraus diapirs within the
Sverdrup depositional basin,

INTRODUCTION

Sedimentary rocks of evaporitic origin are widespread
both temporally and spatially in the Paleozoic strati-
graphic succession exposed on islands of the Arctic Ar-
chipelago north of 72°N latitude (Fig. 1). This paper is a
short review of known occarrences of Arctic evaporites
based on published and unpublished descriptions, but ex-
cluding confidential information from drilling and other
classified sources. The review is not exhaustive; references
quoted will lead to additicnal sources of information.
Some data from my own ficld work with W. W. Nassichuk
is included in the description of upper Paleozoic units.

TECTONIC SETTING AND STRATIGRAPHIC
FRAMEWORK

The regional setting and straugraphy of the Arctic Is-
lunds have been reviewed recenily by Thorsteinsson and
Tozer {19703, Christie and others (1972), and Trettin and
others (1972, The major tectonic or tectono-sedimentary
divisions (Fig. 1} are:

a. the Precambrian Shield of crystalline and sedimen-
tary rocks,

b. the Arctic Stable Platform fringing the Shield, and
covered by a blanket of relatively undeformed Cambrian
w0 Devonian sediments,

c. the Franklinian Geosyncline of Cambrian to
Devonian age, divisible into an axial, Bysch-dominant
trough {the Hazen Trough), a northwestern, tectonically-
active geanticlinal sheif, and a relatively quiescent south-
eastern miogeanticlinal shelf,

d. the Sverdrup Basin of Mississippian to Tertiary age,
superimposed on the geosynclinal trough axis, and divisi-
ble {for the upper Paleozoic) into an axial evaporite-shale
belt or trough, marginal carbonate shelves on each side of
the trough, and mixed carbonate-clastic belts along the
castern and southern basin margins.

The major regional tectonic events affecting the Paleo-
zoic rocks were the FEllesmerian Orogeny in Late
Devosian to Early Mississippian time, terminating the
Franklinian depesitional episode, and the Eurekan Orog-
eny in mid-Tertiary time, primarily affecting the Sverdrup
Basin succession.

TIME-STRATIGRAPHIC REVIEW OF
PALEOZOIC EVAPORITES, ARCTIC
ISLANDS

Pre-paleozaic

Gypsum and anhydrite of late Precambrian (Ha-
drynian) age ate exposed in several formations of the
Shaler Group on Victoria Island {Thorsteinsson and
Tozer, 1962, p. 31-3%). Associated rocks are carbonates
and detrital sediments of shallow water aspect.

Cambrian

Known exposures of Cambrian evaporites are Hmited
tos thin beds of gypsum and anhydrite within the Middie
Cambrian Qovahgah Formation (Fig. 2) at Dundas Har-
bour on southeastern Devon Island (Kurtz, McNair,
Wales, 1952}, and from the same or equivalent formation
near Grise Fiord on southeastern Ellesmere Istand (R. L.
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Figure 1. lsland nomenclature and major tactonosedimantary subdivisians of the Canadian Arctic Archipelaga (after Thorsteivsson and Tozar,
1870; Trattin and others, 1972}, The thres major tecionic subdivisions contsining Paleozoic rocks arz2 identified in the tegend. Precambrian
racks marking northerly axtensions and arches of the Canadien Shield are shown by random- symbols; Tertiary and voungar sedimants of the
Arctic Coastal Plain, flanking the wastern islands, ara shown by broken Hnes.
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Figure 2. Composite and simplified stratigraphic column for se-
lected parts of the Psleozoic succession exposed on islands of the
Arctic Archigelago. The right-hand column identifies the area ang
wotono-sedimentary subdivision for the adjacent secticn of the
stratigraphic colemn. Sowrces of stratigraphic dats of each section
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Christie, 1973, personal communication). The Ooyahgah
Formation forms part of a carbonate-dominant Lower
Paleozoic sequence deposited on the Stable Platform,
flanking the Precambrian Shield and its northerly exten-
sions.

Ordovician
The oldest Ordovician evaporites in the Arctic Islands
belong to the Baumann Fiord Formation (Kerr, 1967h) of
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Early Ordovician age (Fig. 2). The Baumann Fiord is
exposed on castern and southern Ellesmere Island (Kerr,
1968), and southwestward to Cornwallis Island (Thor-
steinsson and Kerr, 1968), where it forms the exposed core
of a large central dome. The Baumann Fiord Formation
is about 75C m thick in the type area on enstern Ellesmere
Tsland; about 600 m of this thickness is aphydrite with
cyvclically-interbedded carbonates, some stromatolitic
(Mossop, 1972, 1973). The formation is part of the mio-
geanticlinal shelf sequence of the Franklinian Geosyn-
cline. The anhydrite grades westward into shallow-water
shelf carbanates, while 1o eastward it thins, becomes san-
dier, and may pass to an unconformizy close to the shelf.
craton margin, Mossop (1972) interprets the Baumann
Fiord evaporite-carbonate units to be a succession of
sabkha cycles. A halite facies of the Baumann Fiord s not
exposed; some interpretations link the subsurface halite
below Bathurst Island, here assigned to the Bay Fiord
Formation, to the Baumann Fiord.

The next voungest and most extensive Ordovician evap-
orite unit is the Bay Fiord Formation {Kerr, {967h) of
Middle Ordovician age (IFig. 2), the basal formation of the
Cornwailis Group. The Bay Fiord 15 exposed in eastern
and southern Ellesmere Island, and southwestward io
Cornwallis Island and Bathurst Island. In the Lype area on
eastern Ellesmere Island (Kerr, 1968}, the Bay Fiord For-
mation contains gypsum and anhydrite in the lower part
of a 5300 m thick section of argillacecus and dolomitic
limestone, silisione aud shale. The Bay Fiord lies within
the carbonate-dominant miogeanticlinal shelf succession
sautheastward of the Fraanklinian rrough, approximately
co-extensive with the older Baumann Fiord Formatiosn.
On Cornwallis Island, carbonate breccias in the Bay Fiord
exposures are interpreted as solution-collapse breceias
{Thorsteinsson and Kerr, 1968) due to removal of halite.
More than 1,000 m of halite apparently equivalent to the
exposed Bay Fiord sulphates occur in the subsurface of
eastern Bathurst Island {Dominion Explorers, Canso and
others, Bathurst Caledonian River, J-34 well); this thick-
ness may be in part an expression of tectonic or diapiric
processes. Diapirism by Bay Fiord evaporites is suggested
by exposed anhydrite cores on Bathurst Island {Kerr, in
press). The Bay Fiord evaporites played an important role
as a detachment zone during mid-Paleozoic Eltesmerian
folding and the development of the Parry Island and
Cornwallis Fold Belts structural junction (Workum, 1965;
Kerr, in press). They aiso may have plaved a role in the
history of lead-zinc sulphide mineralization in the overly-
ing Middle Ordovician Thumb Mountain Formation on
Litile Cornwallis Istand.

On northern Ellesmere Island, exposures of gypsum
near M*Clintock Inlet have been assigned to the late Mad-
dle to Late QOrdovician Cape Discovery Formation by
Trettin {1969a, p. 15). This occurrence is of interest as it
is the onlvy known evaporite from the tectonically-active
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northwestern geanticiinal shelf sequence of the Frank-
lintan Geosyneline.

Silurian

Widespread and thick dolomile breceias in the mid-
Silurian Cape Crauford Farmation and 10 a lesser extent
i the middie or early Silurian part of the underlying
Baillarge Formaiion exposed on northwestern Bafin {s-
land suggest sobution of pre-oxisting evaporites {Trettin,
19696). Probable gypsum molds in some of the associated
dolomites support this interpretation, as does the occur-
rence of gypsum interbeds in cuicrops of Siluran Read
Bay Formution carbonates (Norris, 1963) across Prinece
Regent Inlet on eastern Somerset Island. These breccias
and evaporitas are part of the bianker of lewer and middle
Paleozoie carbonare-dominant rocks of the Arctic Siahle
Platform.

Along the sorthern coast of Somerset Island, lenticular
beds of gypsum are interbedded in argillaceous mestone
of the Read Bay Formaiiom, here apparenily of lawe
Silurian age (McMillan, 1963}, This gvpsum may be cor-
relatable with zypsum expesed along the east coast of
Somerset Island (Norris, 1963).

Devenian

K.nown Devonian evaporites are restricted i distriby-
tion to eastern and southern Ellesmere Island (Fig. 1)
within the paleogeographic area of the Frunklinian mi-
ogeanticlinal sheif. The olgest evaporite, apparently of
Early Devonian age, comprises a few beds of gyvpsum, one
2.5 m thick, in an unnamed “red and green siitstone unit”
near Canyon Fiord on BEllesmere Island {Teettin, {973}
This unit fies below an unconformiiy which in iurn is
overlain by the Vendom Fiord Formation (Kerr, 1967a).
This is a post-tectonic red-bed onit also of Early Devonian
age, and restricied to a small area of eastern Ellesmiere
Istand. B is composed of about 500 m of interbedded
sandstone, siltstone and anhydrite, with a major anhydrite
unit about 20 m thick.

Youager Devonian gypsum ocours on the east side of
Goose Fiord in southern Ellesmere Island, where asn in-
terbedded succession of dolomite, mudsione and gypsum
has been assigned to the Blue Fiord Formation (Fig. 2} as
late Middle Devonian in age {McLaren, [963, p. 326}

Mississippian-Pennsylvanian

Latest Devontan to Early Mississippian time saw the
close of depostiton mn the Franklinen Geesynclise, and
rectonic deformation and erosion of its sedimoentary 11
Subsequent late Paleozoic deposition of marme and non-
marine sediments was resiricted to the Sverdrup Basin.

The major evaporite unit in the Sverdrap Basin is the
Orto Fiord Formation {Thorsteinssan and Tozer, 197
Thorsteinsson, in press), of Late Mississippian 1o Early
Pennsylvanian {(Namurian to Bashkirian) ape (Fig. 2). The

Ot Fiord Formation s exposed o normal stratigraphic
succession on EHesmere and Axel Heiberg Islands, but is
also exposed as the anhvdrite cores of diapirs on Elles-
mere, Axel Heiberg, Amund Ringnes, Eilet Ringnres and
Melville Islands, thus following a NE-SW trending axial
belt some 800 km long. This distribution coineides with
the Central Shale Belt facies givision of Thorsteinsson and
Tozer (1570)

At the type area near van Hauen Pass on Ellesmere
siand, the Orto Fiord Formation consists of at least 400 m
of interhedded anhydrite and iimestone (Fig. 3A, B): shale
is a minor component restricted to the upper part of the
formation. In the Krieger Mountains and the Blue Moun-
tains of Ellesmere Islund, closer to the eastern margin of
the central frough, the Otto Fiard anhydrites are interbed-
ded with thick, crossbedded sandstones {Fig. 3C, D), lami-
natsd mudstones and biogenic carbonates, totalling 500 m
or miore in thickness.

Where it is exposed near Hare Fiord on Ellesmere Is-
tand, the basal anhvdrites of the Otto Fiord Formation
interfinger with fluvio-marine red beds and peritidal to
shailow marine carbonates, and grade laterally into basi-
nal Hmestones and shales (Fig. 23 The Otto Flord is over-
fain by argillaceous limestones and shales of the Hare
Fiord Formation, the principal Pennsylvanian to Lower
Permian trough-filling unit. The contact between the Otto
Fiord and Hare Fiord formations, apparently conform-
able in nature, iv diachronous. The appermost Otto Fiord
anhydriie becomes younger from west to east and from
south to north within the ontcrop area on west-central
Ellesmere Island.

Carbonate interbeds forming part of the sulphate-car-
bonaie cycles in the Gtio Fiord Formation vary in thick-
ress from a few tens of centimetres to beds having
mound-fike topography with a maximum thickness of
about 20 m (Fig. 3B). The thicker beds and mounds con-
tain a varied fauna of foraminifenids, sponges, crinoids,
bryozoans, bivalves, ammaonoids, brachiapods, trlobites,
and other groups, with some algal elements. Namuran
and Bashkirian ammonoids discovered in several diapirs
more than 300 kilometres southwest of Elesmere Island
are the same as ammonoids found in carhonate interbeds
within the type section of the Otre Flord Formation (Da-
vigs and Nassichuk, 1972},

Nodular mosaie is the mast common fabric in anhy-
drite units of the Otro Fiord Formation. [n some well-
exposed anhydrite-carbonate cyveles & m 1o & m thick, the
anhydrite grades upward from nodelar mosaic at the base,
inte well-bedded anhydrite with beds [0 em to 15 cm thick
{Fig. 3L} and then back into nodular mosaic (Fig. 3F}
below the next carbonate unit. Somie of the well-preserved
snhvdrite beds reveal a distinel vertical fan or V-shaped
arrangement of inclusion-defined struciures apparently
pseudomorphic atter coarse crystalfine gypsom. Sequen-
tial analysis through some of these anhvdrite beds for Ca,

P,
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Figure 3. A, Otto Fiord Formation anhydrite with cyolical limestone inferbeds {1} ouwerlain by basinal argillacenus limestones
and shates of the Hare Flord Formation {3, in Turn graxbing into regressive oorbonate tongues of the Naasen Formation
{3] Hare Fiord glacier In foreground, Rorth sids, esstern Hare Fiord, Ellesmere islznd.

B. Cyclic carbanata interbeds anct mound horizan, Otto Ficrd Farmation. Mounds (1} are up o 20m thick, appear 1o havs
accumlated i mattigle growth stages, ard conmin @ miced Tnormal”’ marine Tauna, Hematite rich beds of red anhydrite
(2} coincide stratigraphicolly with the soper levels of the mounds, but pinch cut in the immedisie vicinity of the mounds. Ven
Hauten Mass, central Hare Fiord, Elfesmere Isfand.

C. Saadstana immerbed v upper gart of the Otto Fiord Formation, Sandstone is variably crossheddad, channelled o laminstad,
somaelines glaucon:iic; same beds contain seattered fuselinids and ather biocdasts, snd aften grade up into hioclastic carbhianate
“oapping’© bads, 5-sandstore; g onhydrita, Southorn Bive Mounioms, BElesmers Bhind.

0. Dezait of ripple crosshadded sandstone in C, thowing load casting at base of hed.

E. Beddest anhydrize .0 Ofte Fiord Formution. Lower port of cazh bed contaips meguidr o bpear siructures, defined by
inctusions, which may be pseudomorphs ziter gypsum ceysmbs, Upoer part of 2ach bad contang more inclusions, and has an
irregular nodular mosaic fabrie, Van Hauen Pass, centrat Hare Fiord, EHesmere taland.

Fo Anbiveride breceir in upper gart of the anbyedeita ondi of the Qoo Flord Formarion. Unceriying andistushed anhydrite
arades upeward from bedded tyoe s in B o noduler mosse fabric simdar o thet i rger shasts of breccin, The brecei is
confinad 10 Qne siwatigraphic level, and does not sifect the owverlying carborate bed; it may be a sciunion-coilspse breccia.
Sama bocality 55 E.
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8r, Mg, Fe and Zn, and for stable S isotopes, reveal z
number of complex trends not yet deciphered. Average Sr
content of the anhvdrite is 1,070 ppm.

The Otto Fiord Formation gvaporiies served as the
major detachment zone for folding and thrusting during
the mid-Tertiary Eurckan Grogeny. It was also the source
of the more than 100 diapirs and fold piercement strue-
tures which le along the axial zone of the 3verdrup Basin;
a complete historical and Hterature review of these diapirs
is given by Thorsteinsson (in press). Movement of some of
these diapirs and evaporite intrusives apparently was trig-
gered by the Burekan Orageny, while others may have
been active in carly Mesozoic time. The presence of an
Otto Fiord halite facies below the thick Mesozoic fill of the
central Sverdrup Basia is dependent for proof on drilling
information. Geophysical data suggest & halite core to
several of the circelar anhydrite-capped diapirs. Surface
indications of halite are restricted to saline springs from
at least two areas on Axel Heiberg Island, and to cubic
molds and casts apparently pseudemorphic after halite
crystals in sandstone interbeds of the Otto Fiord on Elies-
mere Esland and in at least one diapir.

Gypsum and anhydrite of Middle Pennsylvanian or
vounger age, (thus slightly younger than much of the Otio
Fiord Formationj, are exposed in the vieinity of M'Clin-
tock Inlet on the north coast of Ellesmere Island (Trettin,
1969a, p. 53-54, Map-unit 11}. This vnnamed formation,
which has a maximum thickness of abount 130 m, may be
part of a northern extension of the Sverdrup Basin {Fig.
1}, or it may he ocutside the depositional limits of that
basin.

Permian

The second major late Paleozoic evaporite unit in the
Sverdrup Basin is the Mt. Bayley Formation (Thorstam-
sson and Fozer, 1970; Thorsteinsson, in press) of Early
Permian age (Fig. 2). The Mt. Rayley is exposed in a
narrow belt parafieling the eastern margin of the Sverdrup
Basin in central Blicsmere Istand. It is composed of anhy-
drite with carbonate and detrita] interbeds, and may reach
250 mn or more in thickness. it is underlain and overlain
by shallow-water, shelf-type bioclastic carbenates and de-
trital sediments. The Mt. Bayvley anhvidrites thicken west-
ward across the shelf and there may be older, that is late
Pennsylvanian, at the base, There is no evidence for a
halite facies of the M. Bayley, nor does it appear to have
contributed to diapirism in the Sverdrup Basin, It may,
however, have playsd a part in dolomitization of shelf
carbonates wesiward or troughward of the Mt Hayley
evaporite belt.

CONCLUSION

Evaporites ranging in age through every period from
Cambrian to Permian are exposed on the islands of the

Canadian Arctic Archipelago. Evaporitic maxima oc-
curred in Ordovician and Mississippian to Pennsylvanian
time. Paleozoic evaporites have played major roles as de-
tachment zones during mid-Paleozoic and Tertiary oroge-
nies, and as a source of diapiric intrusives; some may have
plaved secondary roles in metallic sulphide mineralization
and in dolomirization of associated carbonates,
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