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ABSTRACT
Unlike the salt-dissolution caps of classical salt stocks in

northern Germany and Texas-Louisiana, the stratified gypsum-
anhydrite caps of the Arctic domes are made of metasedimen-
tary anhydrite with limestone interbeds. This strange type of cap
is structural rather than chemical in origin. Its ,formation re-
quires that, at the onset of diapirism. the CuSO 4 material
behaves actively like a ductile buoyant medium, and gives rise to
incipient salt •mhydrite domes. Such behaviour can he expected
of an anhydrite mush produced by dehydration of primary gyp-

sum and leads to a mechanical concentration of 0150 4 material
above low-amplitude salt domes. The anhydrite mush proceeds
to lose water during continued diapirism and rapidly changes
into denseimporous anhydrite. The resulting competent cap has
most mechanical attributes of a salt-dissolution cap and acts like
a semi-brittle battering-rani which passively pierces the overly-
ing sedimentary strata while being driven by a growing dome of
buoyant rock salt.

INTRODUCTION

Among the well-studied salt domes of major sedimen-
tary basins, the Arctic structures (Figure 1) are unique in
that they are capped by huge masses of metasedimentary
anhydrite containing many limestone beds, locally recrys-
tallized into marble (Gussow, 1954; Heywood, 1955 &
1957; Fortier et al., 1963; Gould and DeMille, 1964;
Hoen, 1964; Schwerdtner and Clark, 1967). All geologists
who have visited these structures agree that the bedded
anhydrite is not a conventional cap rock produced by dis-
solution of impure rock salt (cf. Goldman, 1952). Pri-
mary sedimentary structures are locally preserved within
the anhydrite (Figure 2) and provide further evidence that
the present caps are not composed of lithified CaSO 4
residue.

BIPARTITE DOMES

In the coastal regions of Axel Heiberg Island, oval an-
hydrite masses form buff-grey mountains that rise as
much as 700 m above sea level and have horizontal diame-
ters of up to 10 km. The strained anhydrite sequence is at
least 800 m thick in one of the domes studied and appar-
ently corresponds to the Otto Fiord Formation of Elles-
mere Island (Thorsteinsson, 1974). This anhydrite for-
mation is exposed in normal stratigraphic succession near

Figure I. Vertical aerial photo of the South Fiord dome, west-
ern Axel Heiberg Island (R.C.A.F, Photo A16186-73).
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Figure 2. Load casts between white medium-grained anhydrite
containing sonic carbonates and argillaceous impurities. The
features must have formed before the CaSO 4 material was im-
porous anhydrite, probably at an early sedimentary stage. Draw-
ing by A. R. Clark from a large specimen of weakly deformed
rock, southwestern Mokka Fiord dome on eastern Axel Heiberg
Island (Gould and DeMille, 1964), Station 616, Notebook #7 of
Schwerdtner and Clark (1967).

the northeastern margin of the Sverdrup Basin, where it
reaches a minimum stratigraphic thickness of about 400
m (Nassichuk. and Davies, 1980).

Rock salt has only been reported from two domes
(Davies and Nassichuk, 1975; Hugon and Schwerdtner,
1982), but gravity studies leave little doubt that most of
the anhydrite masses are underlain by large amounts of
halite (Spector and Hormal), 1970; Nassichuk and Davies,
1980). Accordingly, the Arctic evaporite domes are bi-
partite because they are composed of rock salt as well as
bedded anhydrite (Gould and DeMille, 1964, p. 745;
Thorsteinsson, 1974, pp. 74-81). Most recent workers
have assumed that the Pennsylvanian evaporite deposit of
the central Sverdrup Basin was composed of two major
units: a thick lower unit of rock salt and an upper unit of
gypsum with numerous limestone interbeds (Hugon and
Schwerdtrter, 1982).

DEFORMATION OF ANHYDRITE MASSES

Throughout the structures analysed to date (Hoen,
1964; Schwerdtner and Clark, 1967; Schwerdtner and
Osadetz, 1983), the attitude of limestone beds was mea-
sured systematically to obtain a crude indication of the
external form of the anhydrite masses. Although these
beds are folded and/or disrupted in many localities, the
map pattern of bedding suggests that the form of the
outer contact is broadly dornical. Study of the ductile-
strain pattern of the limestone beds (upright buckle folds,
radially-oriented boudins, etc.) reveals that the anhydrite
masses have been strongly thickened (Schwerdtner and
Clark, 1967; Schwerdtner and Osadetz, 1983), in the early
stages of doming. Superimposed on the early ductile-flow
features are (1) gypsiferous shear zones (2) major exten-
sion gashes, and (3) semi-brittle faults (Schwerdtner and
Clark, 1967; Schwerdtner and Osadetz, 1983, van Berkel

et al., 1983). Apparently, the CaSO 4 material of the
domes turned into a dense semi-brittle mass after having
flowed upward like buoyant rock salt, in the early stages
of diapirism.

Model experiments reveal that had the CaSO 4 material
been dense irnporous anhydrite at the onset of diapirism,
it would have been thinned rather than thickened as a
whole (Schwerdtner and Osadetz, 1983). The observed
thickening requires that the CaSO4 material had the den-
sity of salt and, most probably, was anhydrite mush pro-
duced by dehydration of buried, primary gypsum. Owing
to continued deformation, the CaSO 4 material gradually
lost its water and turned into dense competent anhydrite
(Schwerdtner and Osadetz, 1983). At that stage, how-
ever, the CaSO4 material formed the upper part of an im-
mature diapir (Figure 3) and could no longer be pierced
by the rising salt plug. Like the composite caps of Gulf
Coast domes (Goldman, 1952), it was driven through the
overlying strata by the buoyant salt, without breaking up
into separate fragments. The thick anhydrite caps of the
Arctic domes must have behaved like battering-rams, in
the latter stages of diapirism, which passively penetrated
most of the elastic overburden.. However, the present top-
ographic relief of most domes (Figure 1) reflects the resis-
tance of gypsum-anhydrite to mechanical weathering in a
cold arid climate (Gould and DeMille, 1964, p. 746,
Hoen, 1964).

TIMING OF DIAPIRISM

Stott (1969) collected stratigraphic data which prove
that diapirs were rising as early as Late Jurassic time.
Gould and DeMille (1964) noted that individual elastic
strata tend to thin toward the salt -domes, suggesting that
diapiric movements occurred in the Upper Cretaceous.
Schwerdtner and Osadetz (1983) found strong evidence
that the anhydrite cap of one dome was already being
eroded in Upper Cretaceous times, and proposed that
diapirism started much earlier, possibly in the uppermost
Carboniferous or lowermost Permian.

Undeformed igneous sheets occur in the stretched bed-
ding surfaces of some domes, and most post-date the
overall ductile flow of the CaSO 4 material (Schwerdtner
and Clark, 1967; Schwerdtner and Osadetz, 1983). The
diapiric contact of a small anhydrite-marble mass on east-
ern Axel Heiberg Island is cut by a radial mafic dyke (van
Berke/ et al., 1983). Determination of the absolute age of
these concordant and discordant igneous bodies should
yield an upper limit for the time at which the CaSO4
material turned into competent anhydrite.

If it is indeed true that gypsum cannot exist below a
burial depth of 600 m (cf. Thorsteinsson, 1974, p. 81), ex-
cept near major fault zones and deep fractures connected
with the surface, then the active diapirism of the envisaged
anhydrite mush must have occurred no later than in the
Lower Triassic (cf. Thorsteinsson, 1974, Table 1).
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Figure 3, Schematic illustration of the development of struc-
tural gypsum-anhydrite caps in the Sverdrup Basin; (a) under-
formed evaporite deposit, (b) incipient dome of rock salt and
buoyant anhydrite mush, (c) all crystal water has escaped and
structural cap is being formed, (d) bulging and partial breakup
of gypsum-anhydrite cap above mature diapir.

COMPARISON WITH CLASSICAL SALT DOMES

Like the classical salt domes of northern Germany and
the Gulf Coast region, the Arctic salt domes carry a cap of
CaSO4-CaCO3 . The composite cap of the classical domes
is clearly zoned, mainly chemical in origin, and made up
of lithified and recrystallized residues of dissolved salt
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and potash rocks. The stratified cap of the Arctic domes,
on the other hand, is mainly structural in origin. Being
composed chiefly of metasedimentary anhydrite, the cap
owes its existence to profound changes in density and
equivalent viscosity of the CaSO 4 material. Presumably,
the primary gypsum lost its crystal water, upon shallow
burial, and became a buoyant crystal mush which gradu-
ally turned into dense imporous anhydrite.

Once formed, the two types of caps assumed similar
mechanical roles; they behaved as competent masses on
top of the rising salt domes and pierced the elastic sedi-
mentary strata ahead of the rock salt (Figure 3). Gold-
man (1952, p. 1) has given a detailed description of the
structural features within the anhydrite cap of a salt dome
in Louisiana which clearly illustrates the mechanical be-
haviour of the cap. He suggested that the cap has been
bent by the advancing salt while undergoing discontinu-
ous internal deformation. The cap of the Arctic domes
was bent at an early stage but partly unbent later on,
while being compressed in a vertical direction (Figure 3c).
This process is suggested by the inward-dipping boundar-
ies of anhydrite masses (Schwerdtner and Osadetz, 1983)
whose form cannot be attributed to a "mushrooming" of
the salt. Most probably, the stratified caps were forced
to bulge (Figure 1) when stressed severely in a vertical
direction.

Unlike the caps of most classical salt domes, those of
the eastern Sverdrup Basin were further deformed in a re-
gime of thin-skinned tectonics. Field projects are under-
way on Axel Heiberg Island that will attempt to isolate the
effects of superimposed regional deformation (van Berke!
et al., 1983).

ACKNOWLEDGMENTS

Most of the research summarized in this paper was supported
by the National Science and Engineering Research Council, the
Geological Survey of Canada and the Polar Continental Shelf
Project. The author also profited from helpful discussion with
Kirk Osadetz, Ashton Embry, Ray Thorsteinsson and Andrew
Miall.

REFERENCES

Berkel, J. T. van, H. Hugon, W. M. Schwerdtner and J.-L.
Bouchez. (1983): Study of anticlines and faults in the central
Eureka Sound Fold Belt. Canadian Arctic Islands: Prelimi-
nary results: Bull. Can. Petrol, Geol., v, 32, pp. 109-116.

Davies, G. R. and W. W. Nassichuk. 1975. Subaqueous evapor-
ites of the Carboniferous Otto Fiord Formation, Canadian
Arctic Archipelago: A summary: Geology, v. 3, p. 273-278.

Fortier, Y. 0., R. G. Blackadar, B. F. Glenister, H. R. Greiner,
D. J. McLaren, W. H. McMillan, A. W. Norris, E. F. Roots,
J. G. Souther, R. Thorsteinsson, and E. J. Tozer. 1963.
Geology of the north-central part of the Arctic Archipelago,
Northwest Territories (Operation Franklin): Geol. Surv.
Canada, Mem. 320, 671 p.



314 Sixth International Symposium on Salt, 1983—Vol.

Goldman, M. I. 1952. Deformation, metamorphism, and min-
eralization in gypsum-anhydrite cap rock, Sulphur Salt
Dome, Louisiana: Geol. Soc. Amer. Mem. 50.

Gould, 13. B. and G. De Mille. 1964. Piercement structures in
the Arctic Islands: Bull. Can. Petrol. Geol., v. 12, p. 719-753.

Gussow, W. C. 1954. Piercement domes in Canadian Arctic:
Bull. Amer. Assoc. Petrol. Geol. v. 38, p. 2225-2226.

Heywood, W. W. 1955. Arctic piercement domes: Trans. Can.
Inst. Mining Met., v. 58, p. 27-32.

Heywood, W. W. 1957. Isachsen area, Ellef Ringnes island,
District of Franklin, Northwest Territories: Geol. Surv. Can-
ada, Paper 56-8, 36p.

Hoen, E. W. 1964. The anhydrite diapirs of central western Axel
Heiberg Island: Mel Heiberg Res. Repts., McGill Univ.,
Montreal, Geology, No. 2.

Hugon, H. and W. M. Schwerdtner. 1982. Discovery of large
amounts of halite in a small evaporite diapir on eastern Axel
Heiberg Island, Canadian Arctic Archipelago: Bull. Can.
Petrol. Geol., v. 30, pp. 303-305.

Nassichuk, W. W. and G. R. Davies. 1980. Stratigraphy and
Sedimentation of the Otto. Fiord Formation, a major Mississi-
pian-Pennsylvanian evaporite of subaqueous origin in the
Canadian Arctic Archipelago: Geol. Surv. Canada Bull. 286.

Schwerdtner, W. M. and A. R. Clark. 1967. Structural analysis
of Mokka Fiord and South Fiord domes, Axel Heiberg Island,
Canadian Arctic: Can. J. Earth Sci., v. 4, p. 1229-1245.

Schwerdtner, W. M. and K. Osadetz. 1983. Evaporite diapirism
in the Sverdrup Basin: New insights and unsolved problems:
Bull. Can. Petrol. Geol., v. 31, pp. 27-36.

Spector, A. and R. W. Hornal. 1970. Gravity studies over three
evaporite piercement domes in the Canadian Arctic: Geo-
physics, v. 35, p. 57-65.

Stott, D. F. 1969. Ellef Ringnes Island, Canadian Arctic Archi-
pelago: Geol. Surv. Can. Paper 68-16.

Thorsteinsson, R. 1974. Carboniferous and Permian strati-
graphy of Axel Heiberg Island and western Ellesmere Island,
Canadian Arctic Archipelago: Geol. Surv. Canada Bull. 224,
115 p. with 13 maps and figures.


	Page 1
	Page 2
	Page 3
	Page 4

