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PREFACE

In the autumn of 1957 Professor J. L. Kurp of the Lamont Labo-
ratory, Columbia University, New York, applied to me, offering me
close co-operation on extremely favourable conditions for the purpose of
making absolute age determinations in East Greenland. For several years
we had been contemplating to start such investigations, and the name
of Professor KurLp was so well-known in scientific circles that I was
greatly pleased to accept his offer.

At that time I took it for granted that my activities in East
Greenland were to continue for the next four years, also, and it was
therefore agreed that samples should be collected in close co-operation
between an assistant of Professor Kurp and the geologists of my ex-
pedition. It was further planned that the samples taken during the first
year should be provisionally examined, and if it turned out desirable
to secure additional material from the localities first investigated, they
might be visited again. It was our hopes to establish a teamwork of
geophysicists and geologists in intimate co-operation, in order that
samples yielding doubtful results might be replaced by fresh samples
if desired.

At the great disappointment of my co-operators and myself, how-
ewer, my expeditions were brought to and end before the projected co-
operation could be established. But during a visit to Basel, Professor
Kurp took out a number of samples, which he afterwards examined for
us free of charge, for which courtesy I wish to express to him my sincere
gratitude.

It will appear from the present paper that his studies have yielded
great and significant results. Provided that the planned collecting during
four years had been carried out, it would probably have been possible
to determine the age of the two large pre-Cambrian sedimentary series
termed the Thule group and the Eleonore Bay group, as well as the age
of the pre-Cambrian fold-mountain range present in Northeast Green-
land, a continuation of which possibly occurs along the north coast of
Ellesmere Island. Owing to the cessation of the expeditions, however,
this aim was not attained, but I am greatly indebted to Professor KuLp
for the important results he has arrived at on the basis of the material

ilable to him.
available to him Lavce Kocu
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INTRODUCTION

ith the rapid development of the isotopic methods of age deter-

mination it is now possible to reconstruct the absolute chronology
of areas of complex metamorphic and orogenic history. These methods
are elaborate and expensive but of definitive value in such areas. The
application of these methods to the East Greenland province is partic-
ularly inviting since prolonged geologic studies of high quality provide
a sound base of information to which the isotopic ages can be related.
The geologic events range in time for an old basement of unknown age
through two subsequent geosynclines of Precambrian age, early Paleo-
zoic deposition, great Caledonian orogeny, Devonian and Permian ig-
neous activity and Tertiary volcanism.

The unsurpassed exposures permit accurate definition of the rela-
tive ages of the geologic events, but in order to understand the total
history, the rates of geologic processes and their extent, absolute ages
are required.

This report presents a preliminary study of the absolute ages of the
rocks of Eastern Greenland conducted in cooperation between the Geo-
chemistry Laboratory of Columbia University and the East Greenland
Expeditions directed by Lauge Koch. The available samples were stored
at the University of Basle. These were either hand specimens or chips
as they had been collected for petrographic rather than isotopic age
studies. As a result only a preliminary survey was possible using the
potassium-argon method (CArRr and Kurp, 1957). The uranium-lead me-
thod on zircon will be of great use in future studies but this requires
large samples. The most critical samples were selected in a conference
of the authors at Basle. The isotopic ages were determined under the
direction of J.L. Kulp by R. Kologrivov at Columbia University.
J. Haller provided the petrographic descriptions of the samples and the
petrologic discussion of the data and its implications for the structural
history of the East Greenland Fold Belt.
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The general

LOCATION AND SAMPLES

area of concern in this investigation and the location

of the samples are shown in Figure 1. The petrographic description of
the individual samples follows:

Sample GAA-135 (Coll. P. Stern, 1958)

Locality :

Geological Setting:

Petrography:

Reference:

Paul Stern Land, northern edge of Vestfjord Gletscher (70°20” N,
29°47” W). Block on superglacial drift from adjacent bed-rock.
Autochthonous Precambrian basement complex, non-
conformably overlain by basal strata of the Eleonore Bay Group
(Precambrian geosynclinal sediments), western frontland of the
Caledonian belt.

Rather massive variety of biotite-albite-microcline-alkali-granite,
bearing apatite, ore, garnet and carbonate.

WENK (1961b) pp. 17-22, pls. IVa, V, VI, IX.

Sample HN-89 (Coll. J. Haller, 1956)

Locality:

Geological Setting:

Petrography:

References:

C. H. Ostenfelds Land (75°00"N, 21°50” W) Maagenas, Grand-
jeans Fjord.

Polymetamorphic migmatite which originally had been a
part of the Precambrian basement. The complex represented
by Sample HN-89 was subjected to the principal Caledonian
regional metamorphism and, in addition, to a second meta-
morphism during a late orogenic spasm.

Mesocratic, gneissose biotite-perthite-oligoclase-granodiorite, bea-
ring epidote, apatite, titanite, ore.

HarLER (1956 a), p. 20; (1957) pp. 18-21.

Sample BNW-44 (Coll. J. Haller, 1955)

Locality :

Geological Setting:
Petrography:

Reference:

Dronning Louise Land, erratic boulder from Britannia Seo
(77°10” N, 24°00"W). The sample probably derives from nor-
thern Dronning Louise Land.

Sample BNW-44 was supposed to represent a Precambrian
eruptive (Thulean eruptive).

Medium-grained plagioclase-quartz-hornblendite, bearing biotite,
calcite, epidote and apatite.

Peacock (1958 a), pp. 91-113.
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Sample GW-59 (Coll. E. Wenk, 1951)

Locality:

Geological Setting:

Petrography:

References:

Western Fraenkels Land (73°10"N, 28°30°W). East flank of
Trappebjerg, 2,090 m altitude.

Precambrian sediment being a part of the Caledonian
superstructure. Phyllitic layer from the “Shoulder Series”,
which is the uppermost bed group of the Lower Eleonore Bay
Group in the Nunatakker Region of Central East Greenland.

Phyllute.

WENk and HALLER (1953), p. 18, fig. 13, pl. I; HALLER (1956 c),
pp. 40-44, pls. I, II.

Sample JH-560 (Coll. J. Haller, 1951)

Locality:

Geological Setting:

Petrography :

References:

Western Fraenkels Land (73°11’N, 28°35" W), South slope of
Mount Kerberus, 2,200 m altitude.

Precambrian sediment being a part of the Caledonian
superstructure. Sample JH-560 represents the black shaly basal
bed of the ‘“Synclinal Series” of the Upper Eleonore Bay
Group in the Nunatakker Region of Central East Greenland.

Phyllitic layer from black sandy shale to quartzitic slate.

WeNk and Harrer (1953), p. 18, figs. 8, 13, pl. I; HALLER
(1956 ¢) pp. 50-54, fig. 21, pls. I, II.

Sample JH-105 B (Coll. J. Haller, 1949)

Locality:

Geological Setting:

Petrography:

Reference:

Western Andrées Land (73°20" N, 26°35" W). South side of
Jomsborg, Renbugten, Isfjord.

Caledonian metamorphite of probably sedimentary origin.
Sample JH-105 B represents a band of mica-hornblende-schist
which is involved in the main orogenic infrastructure (‘“Migma-
tite Dome Nigglis Spids”).

Phlogopite-rich lenticle of phlogopite-diopside-hornblende-schists.

HarLrer (1953), pp. 69-73, figs. 14, 23.

Sample HN-202 A (Coll. J. Haller, 1958)

Locality:

Geological Setting:

Petrography:

Reference:

Lambert Land, mouth of Jomfru Tidsfordrivs Fjord, (79°20" N,
19°40” W).

Caledonian pegmatite which represents a late-tectonic in-
trusive of the main orogeny. The pegmatite intruded along shear
planes into biotite-schists.

Biotite-oligoclase-pegmatite, bearing epidote-zoisite within the
wisps of mica.

This paper.
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Sample HN-7 B (Coll. J. Haller, 1955)

Locality: Head of Bredefjord (75°41" N, 22°15" W)

Geological Setting: Caledonian intrusive granite, which forms a post-tectonic
stock within an additional young Caledonian thrust-fold belt.

Petrography: Coarse-grained muscovite-oligoclase-microcline-granite, being a
pegmatoid variety of a two-mica-granite.
References: HALLER (1956 a) pp. 20-21; SomMER (1957) pp. 22-23, Fig. 10.

Sample KF-111-180-182 (Coll. P. Graeter, 1950)

Locality: 2 km north of Kap Franklin (73°15"N, 22°10’ W) at the mouth
of Kejser Franz Josephs Fjord.

Geological Setting: Caledonian intrusive granite which intruded Middle De-
vonian clastics. The granite batholith and its sedimentary wall
rocks are unconformably overlain by another Middle Devonian

bed group.

Petrography: Homogeneous coarse-grained two-mica-albite-perthite-alkali-gra-
nite, bearing apatite, zircon, garnet, titanite, ore.

References: BoTLEr (1954) pp. 58-60, 70, 108, 116, pls. VI, IX; GRAETER

(1957) pp. 13-17, 37-38, 41, 96-98.



THE POTASSIUM-ARGON METHOD

The method of isotopic age measurement that was chosen for this
study was that based on the decay of K4° to Ar#°. The decay constants
are Ap = 5.303 x10-1%yr-* and 4, = 0.583 x10-10 yr-1.

The age relationship is:

40
T (age in million years) = 0.1886 In (1 +Ar AT).

K20 i;

Both the Ar4® and the K4° concentrations were determined by the
method of isotope dilution. The experimental techniques have been
described in detail by Long and Kurp (1962). These techniques permit
the Ar4°/K4° ratio and hence the isotopic age to be determined to within
+ 39/, or better.

For the isotopic age to be an absolute age, the mineral or rock must
not have incorporated any pure Ar%® at the time of its formation and
must have remained a closed chemical system. The first assumption
has been found to be universally true for micas and generally true for
rocks heated sufficiently for the phyllite grade of metamorphism to
have developed. Thus for the separated micas, whole rock samples of
phyllite and basalt in this investigation, no primary Ar*° should be
present.

The assumption of a closed chemical system has been shown to hold
true for mica and for most phyllites provided they have remained close
to room temperature since their time of formation. Certain phases of
basalt also appear to have this characteristic although certain other
phases showed argon loss even at surface temperature up to 40 ¢/,
(Erickson and Kurp, 1961). Thus in all cases the Ar%?/K*° ratio can
be used to obtain an accurate and reliable minimum age.

If these minerals or rocks, however, have been heated to at least
150° C for long periods either by deep burial or by igneous or meta-
morphic processes, some argon will be lost from the system. If the heating
is extensive, all of the argon will be lost even though the external form
of the mineral or rock has been unchanged and the isotopic clock will
begin again but now it will only date the last event, not the original
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time of mineral formation. These basic factors must be taken into ac-
count in interpreting the isotopic ages. In general, therefore, the iso-
topic age cannot be taken as the absolute time of a geologic event unless
supporting data, usually in the form of multiple analyses in different
minerals, is available. In the case of the K-Ar method, however, real
minimum ages can be obtained and for many purposes these are ade-
quately diagnostic.



ANALYTICAL DATA

Each of the samples subjected to analysis in this study were either
separated micas or whole rocks. The results are given in Table 1.

Table 1. Results of K40-Ar4® Measurements on Samples from
East Greenland?).

Sample °/o K Ario* seelg Isotopic Age (m.y.)
GW-59 4£.23 7.74 x107® 412
Whole Rock Phyllite
JH-105 B 7.95 1.44 x10~* 402
Phlogopite
GAA-135 6.74 6.98 x10* 1890
Biotite
BNW-44 0.48 7.93 x10~¢ 376
Whole Rock
Quartz-dolerite
KF-111-180-182 7.87 1.837 x10~—* 393
Biotite + Muscovite
JH-560 5.02 9.53 x10~° 425
Whole Rock Phyllite
HN-89 4.80 1.07 x10~* 490
Biotite
HN-202 A 5.14 9.34x10% 405
Biotite
HN-7 b 8.99 1.57 x10~* 394
Muscovite

1) For additional results see Postscript.



DISCUSSION OF RESULTS

The structural evolution of North and East Greenland may be
subdivided into five periods. These are unequal in their duration and
show a great variety in character of crustal movements. They provide
the outline for the discussion and are defined as follows:

1. The formation of the Precambrian basement complexes, usually
called “Greenland Shield”.

2. The building of a late Precambrian mountain chain (Carolinides)
in Northeast Greenland. (This followed the deposition of the Pre-
cambrian Thule Group).

3. The emplacement of Paleozoic fold belts in North and Northeast
Greenland. Possibly related to the Caledonian of the east shore of
the Atlantic in Europe.

4. The post-Caledonian block faulting along the east coast.

5. Cenozoic disturbances.

An outline-map showing the principal structural provinces is pre-
sented on page 17.

The isotopic ages will be discussed in the relevant structural period.
For convenience, the ages are grouped in this way in Table 2. The Paleo-
zoic ages are rounded off to the nearest 5 m.y. and the old basement
age to the nearest 50 m.y. consistent with the analytical errors. Also
given are the rock and mineral type.
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Table 2. Isotopic Ages Grouped by Structural Period.

Sample No. Rock Type Mzneral Isotopic Age (m.y.)

Precambrian Basement

. . Microline 2300 + 50
GAA-135............ Alkali Granite { Biotite 1900 + 50
HN-89 ............. Migmatite Biotite 490 + 12
Pre-Paleozoic Supracrustal Rocks
BNW-44 . ... ... ... Quartz-dolerite ~ Whole Rock 375 +£ 10
GW-59 ............. Phyllite Whole Rock 410 £ 10
JH-560 ............. Phyllite Whole Rock 425 + 10
Caledonian Infrascrustal Rocks (Pre Middle Devonian)
GW-73R?Y) .......... Schist Muscovite 410 + 10
JH-1461Y) . ... ..... Grano-diorite Biotite 395 £ 10
JH-105B ........... Schist Phlogopite 400 + 10
HN-202 A........... Pegmatite Biotite 405 + 10
Late Orogenic Intrusives
HN-7b ... ... .. ... Pegmatite Muscovite 395 + 10
KF-111-180-182...... Granite Biotite + Muscovite 395 + 15

') Additional results which are outlined in the Postscript.

Fig. 2. Generalized tectonic map of Greenland.

As to the Paleozoic fold belts in North and East Greenland, the rock units
(1) to (3) form an atectonic stable block: (1) Precambrian basement complexes in
general, (2) Carolinidian-folded strip in Northeast Greenland and northernmost
Ellesmere Island, (3) superficial cover of late Precambrian and Lower Paleozoic strata.

The ornaments (4) to (6) refer to the structural units of the Paleozoic orogenic
welts: (&) structures of the main orogeny (of Silurian age in the East Greenland fold
belt, of latest Silurian to pre-Upper Carboniferous age in North Greenland and
Ellesmere Island), (5) structures caused by late orogenic spasms (Devonian), (6)
post-orogenic disturbances within the Old Red basin (Upper Paleozoic).

The younger formations are represented by: (7) post-orogenic blanket of Car-
boniferous to Tertiary sediments, (8) Tertiary plateau basalts, (9) superficial tecto-
nics of Tertiary age.

Abbreviations: North Greenland and Ellesmere Island: (G) Greely-Hazen Pla-
teau, (H) Hall Land, (J) Judge Daly Promontory, (N) Nansen Land, (P) North
Peary Land; East Greenland: (KFJ) Kejser Franz Josephs Fjord, (KO) Kong Oscars
Fjord, (SC) Scoresby Sund.
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1. The Precambrian Basement Complexes.

The so-called Greenland Shield is made up of deep-seated rock units
of former mountain systems which were stabilized and worn down into
low relief in still Precambrian time. Those truncated segments may
have been ingredients of that hypothetical ancient continental mass
Laurentia, which is supposed to have extended from western North
America over Greenland.

In Greenland, the later border elements define those ancient rocks
into a physiographic unit, the internal structure of which is very intricate.
Most of the “‘shield” area is hidden under the inland ice and hence im-
pervious to field geology. It is out of the scope of this paper to sum up
the fragmentary history of the ‘““‘Archean’” time in Greenland.

Precambrian Basement Rocks in the Region of
the East Greenland Fold Belt.

Precambrian basement rocks that have been essentially unaffected
by later metamorphic events are to be found in only a few places along
the western edge of the East Greenland fold belt.

Inside the Caledonian domain, rock units which were originally
from the ancient basement, represent substantial ingredients of the fold
belt. Owing to their petrogenetic rejuvenation, they have been assigned
to the Caledonian crystalline (in the area south of the 76th parallel)
or partly to the Carolinidian, i.e. late Precambrian, crystalline (in the
area north of the 76th parallel). Within a sizeable portion of the East
Greenland fold belt, the ‘‘Archean’ basement was completely obliterated.
The former metamorphic complexes underwent extensive mechanical
and chemical changes. In places, as for example in the region west of
Scoresby Sund (70°-72° N. Lat.) the basement exposures show less al-
teration and the old foliation is partly preserved.

In Figure 3 outcrops of the basement in the unaffected foreland
are shown, with a tentative boundary of the areal distribution of re-
worked basement rocks in the fold belt.

Along the western edge of the East Greenland fold belt, two exten-
sive exposures of unaltered Precambrian basement rocks are
present:
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(a) Dronning Louise Land (76°-77° N. Lat.)—PEacock (1956,
1958a, b) and WyLLIE (1957) ascertained that the entire western portion
of Dronning Louise Land — a mountainous area with alpine peaks up
to 2,200 m.— consists of intact Precambrian basement rocks, which are
mainly granites, with subordinate metamorphites. The general trend of
the basement structures here runs north-northeasterly.

Where the top of the basement complex is preserved, as it is the
case in the western nunataks, the crystallines are sharply truncated by
the major unconformity at the base of the Thule Group (Groenlandian,
i. e. Precambrian sediments).

Towards the east this ancient pavement is bounded by a spectacular
Caledonian thrust system.

(b) Gaaseland (70° N. Lat.)—The southern exposure of an intact
basement compartment was investigated by Wenk (1961b). This out-
crop bears quite a different geological setting and hence another kind
of topography features.

The block in western Gaaseland is exposed in a ‘“‘window”, stripped
by glacial erosion. Its eastern portion is an actual tectonic window in a
Caledonian thrust sheet, that acted from the east. In the western portion
the ‘“‘window” merely represents a stratigraphic inlier. The mutual re-
lations of the Precambrian and Caledonian rock units are easily recog-
nizable on Figure 4, which shows a cross-section running from the fore-
land into the main deformed belt.

The autochthonous crystalline basement is made up of migmatitic-
granitic rocks, generally trending west-northwest. The complex is deeply
dissected by a profound sub-Groenlandian erosional interval.

The superincumbent Precambrian strata, which represents the basal
sequence of the pre-Caledonian geosynclinal column in Central East
Greenland, display tillites at the base, overlain by marbles, greenschists
and phyllites. Due to the overthrusting of the main Caledonian mass,
an extensive sheet of reworked basement rocks, upon the foreland block,
the sedimentary cover of the ““Archean” crystallines was subjected to
rolling, thrusting on a small scale, and also to low-grade metamorphism.
Hence, that stratified overburden became parautochthonous.

WENK (op. cit., pp. 31-32) points out that in Paul Stern Land the
parautochthonous Groenlandian sequence amounts to 1,800 m. in thick-
ness and that there an inverted succession of metamorphic zones occurs:
The flat-bedded sericite-phyllites grade upwards into staurolite and

9%
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cyanite-bearing garnet-mica-schists (cf. Plate I). It seems most reason-
able to assume that this zonal inversion is linked to introduction of
heat by the Caledonian cover above.

Hence if the Caledonian metamorphic effects upon the partly over-
ridden foreland sequence is considered, it appears that the Caledonian
orogenic heat operated laterally according to the trace of the thrust,
namely from the root zone towards the west, and that it acted from the
Caledontan overlap downward as well. In consequence, the western por-
tion of the ‘““Archean” window was comparatively well sheltered from
Caledonian effects by its sedimentary cover, which acted as a shield.
In the eastern portion of the window, where the cover of Groenlandian
sediments was pinched and rolled out to a negligible thickness under
the heavy overthrust, the basement complex underwent mineral trans-
formation and some slight mechanical breakdown. Both indicate an in-
creasing influence of the Caledonian operations to the east.

Isotopic ages.

East Greenland—As to the age of the apparently unaltered Pre-
cambrian basement complexes exposed in East Greenland only a single
date from the Gaaseland ‘“window” is available. There, the K-Ar system
of the biotite from a biotite-albite-microcline-granite (Sample GAA-135)
yielded an apparent age of about 1900 m.y. This is first of all a mini-
mum date. If these rocks were deeply buried at any time in their history
for a prolonged period, or if they were slightly reheated by the Cale-
donian event, argon would have been lost so that the true age could
be much older?). Further measurements would be required to define the
situation more closely, but this result is sufficient to demonstrate the
great antiquity of the basement of Greenland.

An important observation is that this area cannot have been affected
by the very extensive orogeny in Finland and northeastern Russia
which produced the micas in the Svecofennian and Karelian rocks since
these micas all give 1670-1800 m.y. for their K-Ar isotopic age. Prior
to 2000 m.y. ago, the only large scale regional metamorphism in North
America, Scandinavia or western Britain appeared to have occurred
about 2600 m.y. ago, so that this Greenland basement may be that old.

Another feature is the relatively close proximity of younger rocks.

From Figure 4 it is discernible that the locality of Sample GAA-135
is only about 20 km. from the Caledonian gneiss complex, which indi-
cates deep-seated orogenic action about 400 m.y. ago. As mentioned

1) See Postscript.



24 J. HaLLer and J. L. Kure I

above, the structural trend of the basement rocks is southeast. Hence
it would be possible to collect a set of similar basement samples perpen-
dicular to the thermal gradient from this event. Approaching the Cale-
donian complex, the isotopic ages would decrease unless the rocks have
been brought together by thrusting. In the opposite direction, still older
ages may be obtained.

Another problem, which promises to offer interesting results, arises
from the inversion of metamorphic zones within the sedimentary cover
of the basement. Based on the geological setting ascertainable in southern
Paul Stern Land, we may conclude that the present outcrop of the
“Archean”, of which Sample GAA-135 is representative, had been
buried for some millions of years below a hot Caledonian overlap, which
metamorphosed the top part of the parautochthonous sedimentary cover.

Sample HN-89 is a polygenetic migmatite from Grandjeans Fjord.
The rock was originally metamorphosed as part of the Precambrian
basement, yet it is in an area that has been affected by the Caledonian
orogeny (cf. Figs. 3, 8, Plate IV). The isotopic age of 490 m.y. shows
that the Caledonian event had caused most of the argon to have been
lost. The most surprising thing about this result is that the isotopic age
is not about 400 m.y. since the Caledonian effect appears to be so strong.
The field relations suggest that the original ancient rock was plastically
folded about a north-northeast axis which is consistent with the struc-
tural trend of the main Caledonian orogeny. Subsequent the main oro-
geny this gneissic area is thought to have been reheated and refolded
in a transverse direction. During this event the migmatite returned to
a macroplastic state which gave rise to large scale flow structures. In
detail the gneissic material also remained rigid in part and then devel-
oped boudinage and shear lenticles (cf. Plate II).

If the geologic interpretation is correct, the biotite in HN-89 shows
amazing retentivity. It is conceivable that it could have retained a
small fraction of its argon during the last event if this was short in
duration and the rocks were not hot. On the basis of all other existing
data on the K-Ar biotite system, plastic deformation and recrystalli-
zation, such as occurred in the event which produced the north-northeast
trend, would have caused complete loss of argon. The alternatives would
appear to be (1) the north-northeast trends in this locality were actually
produced in Precambrian time and the area was only lightly affected
in Caledonian time or (2) the first phase of the Caledonian in this area
actually occurred about 490 m.y. ago which completely restarted the
K-Ar clock in these biotites and then the late Caledonian event did not
significantly affect them. To settle this question more isotopic age work
is required.
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West Greenland.—Dates from the Julianehaab District in South-
west Greenland have been recently published by Moorsatu et al. (1960).
K-Ar was well as Rb-Sr determinations had been done on micas of mainly
granitic or pegmatitic samples. As a result, in this portion of the “Green-
land Shield” two mean ages were ascertained:

1,600 m.y. as to the post-Ketilidian Julianehaab Granite, which is
unconformably overlain by the Igaliko Sandstone (Gardar Formation).
The proximity of this sample to later intrusives, or the potential depth
of burial is unknown so that this may only be taken as a minimum age
for the basement rocks in this area.

1,100 m.y. as to syenite massifs of alkaline type which intruded
the Gardar Formation, and hence define a minimum age for this cycle
of sedimentation. These rocks have not been subsequently metamor-
phosed nor are they near Caledonides. Hence this date may be absolute.
If the Gardar could be related to the Thule sedimentary series, a useful
date for the end of Thule deposition would be available.

Mineral date provinces.—The structural outline map, Figure 2,
shows the localities of these few mineral dates obtained from Precam-
brian basement samples. It is remarkable, by the way, that the “Ar-
chean” of Gaaseland evidently participates in one of the oldest base-
ment complexes of Greenland. Nevertheless, to draw further conclusions
about nuclear areas and continental accretion of the ‘“Archean’ pave-
ment in Greenland would be far too speculative. Any discussion as to
this intricate problem requires a vast number of additional age de-
terminations.

2. The Carolinidian Mountain Building.

The name Carolinidian is derived from Prinsesse Caroline-Mathilde
Alper which form the backbone of the coast mountains of Kronprins
Christians Land. There, a striking stratigraphical break within the
sequence of Precambrian sediments (Groenlandian) clearly shows an
intra-Groenlandian diastrophism (cf. FRANKL, 1954, p. 72; 1956, p. 29;
HArLER, 1961 a, p. 156).

Stratigraphy.

Two stratigraphical units antedate the Carolinidian mountain
building: (1) the Precambrian basement complexes and (2) a pile of
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Precambrian sediments which belong to the Thule Group?!). These cover
rocks overlie the truncated Precambrian crystalline basement with pro-
found unconformity. In North Greenland, the Thule Group represents
a first cycle of late-Precambrian sedimentation.

Thulean sedimentation.—Subsequent to the planation of the base-
ment complexes in Northeast Greenland a marginal strip of the ‘““‘Shield”
area became strongly negative and a geosynclinal condition was estab-
lished. The general run of the basin structure was north-northwest.
The strata that accumulated in the elongate basin area consisted mainly
of continental detrial rocks of considerable thickness:

The lower part of the Thulean beds is a pelitic to semi-pelitic assemblage, up
to 3,000 m thick, laterally restricted to the geosynclinal tract trending on present
topography from Dove Bugt to the head of Independence Fjord.

The upper part of the sequence is a widespread psammitic accumulation which
isup to 3,000 m thick. This sandy upper part of the Thulean beds encroached upon
the cratonic area far to the west and to the south as well.

Thulean intrusives.— Everywhere in Northeast Greenland, the sedi-
ments belonging to the Thule Group are invaded by dikes and sills of
Precambrian basalts (Thulean basalts). Subsequent to this eruption, the
geosynclinal tract was thrown into folds and subjected to metamorphic
action (Carolinidian orogenesis). The orogenic consolidation was fol-
lowed by a second basalt invasion, together with some acid intrusions.

Tectonics.

The Carolinidian fold belt essentially occupied the geosyneclinal
tract where the lower Thulean strata had accumulated. Its general
trend runs from Dove Bugt to South Peary Land, mainly following the
cratonic border of the former geosynclinal structure (Fig. 5).

South of Dove Bugt (76°N) the Carolinidian welt strikes southeast
towards the Greenland Sea. In North Greenland, in the vicinity of
“Peary Channel”, the fold belt disappears underneath a cover of late
Precambrian and Paleozoic strata (Franklinian Geosyncline). A westerly
extension of the ancient chain probably exists in the Precambrian pattern
involved in the “North Ellesmere Fold Belt2).

In Northeast Greenland, this late Precambrian fold belt is trace-
able over a distance of 800 km. In most places, however, the Carolinidian

1) According to Kocu’s “Thule Formation” (Kocu, 1929, II, pp. 220-222).
2) Cf. BLackADAR (1954), ForTIER et al. (1954), CHRISTIE (1957), FORTIER
(1957), TuorsTEINssoN and Tozer (1960).



I Absolute Age Determinations in East Greenland 27

pattern became contorted or obliterated by the Caledonian orogenesis,
which affected the present coast area by metamorphism, thrusting, and
folding. Thus, the Caledonian pattern causes quite different parts of
the truncated Carolinidian chain to lie beside and over each other.

In the environs of the head of Independence Fjord, the Thulean
strata are only mildly folded, nearly flat-lying in places. The axes trend
easterly to east-northeasterly.

In the coastal section between 79° and 81° N. Lat., structural rem-
nants of the deeper and shallower parts of the ancient fold belt are
preserved. The dominant trend is north to northeast. To the south of
the 79th parallel plastic folded systems mainly occurred; they indicate
deep-seated movement about north-westerly axes.

In western Dronning Louise Land, that is, in the foreland of the
Caledonian thrust-fold belt, the original border of the Carolinidian chain
is conserved. There, strata of the second cycle of late-Precambrian
sedimentation overlap with increasing angular unconformity a truncated
section of Carolinidian structures, which are composed of moderately
folded Thulean beds combined with the crystalline basement. The in-
tensity of folding distinetly increases towards the northeast.

Based on the present-day arrangement of the Carolinidian exposures,
it is concluded that the most intense folding and metamorphism was
operative within the tract between the 76th and the 78th parallel.
North of the 78th parallel the front of Carolinidian metamorphism
generally decreases.

After the completion of the Carolinidian orogeny, block faulting
took place and disordered that structure system. A post-orogenic gen-
eration of basalt mainly rising along fracture-planes traverse the fold
belt in form of extensive dikes of considerable thickness.

Isotopic Ages.

The collection of Carolinidian rock samples did not contain samples
which were surely free of effects from the Caledonian orogeny. That
kind of rock would presumably be found in the coast mountains of
Kronprins Christian Land where gneissified sediments of the Thule group
occur in the fundamental parts of large-scale upfolds.

One sample, BNW-44, a quartz-dolerite boulder from Britannia S6
is the petrographic type of the basic Thulean eruptives cropping out in
Dronning Louise Land. The isotopic date on a whole rock analysis gives
a minimum age only of about 375 m.y. and does not tell anything about
the Precambrian history. There are several possible explanations of
this apparent age: (1) This particular rock type has low argon retentivity
at surface temperature. Work in progress at the Lamont Laboratory
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suggests that this can not exceed 40 °/, so that the true minimum (un-
heated) age might be as high as 600 m.y. (2) The sample was 100 °/,
retentive of its argon and this rock is representative of a Devonian
basalt intrusion. This alternative appears unlikely in view of the known
geology, i. e., along the east coast there is no known Paleozoic volca-
nism north of 74° N. (3) The most likely explanation of the date is that
the rock was indeed emplaced prior to the late-Precambrian Carolinidian
orogeny into the Thule series but the rock was sufficiently heated by
the Caledonian events to have lost its accumulated argon. The fact
that the date is actually slightly younger (375 m.y.) than the final Cale-
donian event (see below) which appears to have occurred at 390-400 m.y.
is not significant since this rock type may readily lose some argon at
surface temperature.

In a previous paper (HALLER, 1961 a) it was suggested that the
westerly extension of the Carolinidian belt reappears in North Elles-
mere Island. A K-Ar determination on biotite from a gneissic rock
from the ‘“Cape Columbia Group” cropping out in Markham Fjord
(Northeast Ellesmere Island) gave 545 m.y. (BLackapar, 1960, p. 51;
TuorsreinssoN and Tozer, 1960, p. 7). This is a reliable minimum age
and suggests that the folding and metamorphism was pre-Paleozoic.
The conformable sequence of Lower Cambrian, Middle Cambrian, and
Ordovician strata in southern Ellesmere Island as well as in North
and East Greenland also points to a pre-Paleozoic age of that orogenic
action.

Two other samples from the Groenlandian series (GW-59 and JH-
560) in Central East Greenland (see Fig.1 for location) were also
analyzed in an attempt to determine the time of the Carolinidian event.
The sample JH-560 represents a shaly bed from the Quartzite Series of
the Upper Eleonore Bay Group and sample GW-59 is derived from the
uppermost bed of the Lower Eleonore Bay Group (cf. Fig. 6). These
rocks are now both phyllites and on structural grounds it was believed
that this low grade metamorphism occurred previous to the Caledonian
orogeny. Earlier age work has suggested that such material, if subse-
quently maintained at surface temperature will retain its argon and
yield reliable ages. The actual isotopic ages (410 m.y. and 425 m.y.)
are Caledontan and indicate that these areas were lightly heated
during Caledonian time even though the rocks show no petrographic
textures that indicate alteration or recrystallization at this time.
Fig. 9 shows that both samples lie outside the aureole of regional meta-
morphism.

Since these ages are older than the final heating in the area (~ 390
m.y.) the apparent isotopic ages are not to be construed as the actual
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times of geologic events but rather that at some time subsequent to
425 m.y. ago these rocks were heated sufficiently to lose nearly all of
their inherited argon.

3. The Paleozoic Fold Belts.

In the north and east the Precambrian basement of Greenland is
welted by Paleozoic mountain belts. The orogeny which occurred along
East Greenland developed during the Lower Paleozoic, and it is a portion
of the circum-Scandic Caledonian realm. The North Greenland Belt, the
predominant structural make-up of which is Paleozoic in age, was ap-
parently subjected to some Cenozoic disturbance as well. This belt is
a participating element of the Innuitian mountain system.

I. The North Greenland Fold Belt.

According to the stratigraphical record as well as to the tectonic
pattern displayed in North Greenland and Ellesmere Island, the “Elles-
mere-Greenland Fold Belt”?) established during two distinct periods of
orogenic action: (A) Paleozoic folding and metamorphism, (B) Cenozoic
folding and related movements.

Paleozoic Tectonic Pattern.

The Paleozoic diastrophism was initiated in Silurian time. Three
distinct transgressions?) within the Silurian sequence indicate epeiro-
genic movements preceding the orogenic action. In North Greenland?)
and presumably in Northeast Ellesmere Island?) the climax is assumed
to be late Silurian or Devonian. In North Greenland no Devonian strata
are ascertained. The folded and partly metamorphosed substratum of
Precambrian, Cambrian, Ordovician, and Silurian sediments are over-
lain with distinct angular unconformity by formations which are of
Upper Carboniferous age (Middle Pennsylvanian) or younger. A similar
tectogenic strip®) with an accurate stratigraphic determination of the

1) A term styled by ForTIER et al. (1954).

?2) Cf. Kocu (1920, p. 45; 1929, II, pp. 277-80).

3) Cf. Kocu (1920, p. 72; 1929, 11, pp. 280-85; 1935, pp. 131-37).

4) Cf. TrorsTEINSsoN and Tozer (1960, p. 10).

5) “Cornwallis Fold Belt ’affected at the latest Silurian time; cf. THORSTEINS-
soN (1959), TrorsTEINssoN and Tozer (1960, pp. 8-9).
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age of the folding occur in the central part of the Canadian Arctic Archi-
pelago.

In Ellesmere Island and on Parry Islands?!) clastic formations of
Middle and Upper Devonian age of considerable thickness are involved
in the fold-structures. This fact indicates that the western part of the
Paleozoic fold belt developed in the time between the upper Devonian
and the Upper Carboniferous.

In North Greenland, the Paleozoic structure pattern occupies the
mountainous range north of Frederick E. Hyde Fjord (North Peary
Land) and north of J. P. Koch Fjord (Nansen Land). The folds generally
trend E.-W. Most of them are asymmetrical and some are overturned
towards the north. In the northern half of the North Peary Land-—
Nansen Land belt long extended thrust-systems trending east-north-
east prevail. The metamorphic grade of the folded and thrusted strata
increases towards the north (regional metamorphism, cf. FRANKL (1955,
p- H4)).

Post-orogenic fault-systems striking east to east-southeast distort
the Paleozoic pattern. Thus, North Peary Land represents a horst block
flanked by main fractures. The age of displacement is unknown; it may
be as young as Cenozoic.

Cenozoic Structures.

In North Greenland there are only few outcrops of younger strata
which cover the truncated Paleozoic fold pattern. Sediments of Carbo-
niferous, Permian, Triassic, and Cretaceous to Tertiary age were ascer-
tained in the easternmost Peary Land. These beds had been subjected
to faulting as well as local folding?). It seems to be most likely that this
mild tectonism with a general southeast trend developed in the Tertiary.
West of Peary Land no deposits subsequent to the Paleozoic folding
are known.

On Ellesmere and Axel Heiberg Island strata of Carboniferous or
later age are frequent. As shown by TrorLsEnx (1950 a, pp. 31-32;
1952, p. 209), and TuorsrteinssoN and Tozer (1957, pp. 15-28; 1960,
pp- 14-19) in Ellesmere Island a pattern of Tertiary folding and thrusting
is superimposed on the Paleozoic fold belt. The younger deformation took
place after the deposition of the non-marine ‘“Eureka Sound Group”
which bears fossil plants of probably early Tertiary (Paleocene or Eo-
cene) age.

1) “Parry Islands Fold Belt” of Mid-Paleozoic age; cf. ForTiErR and THoR-
STEINSSON (1953), TuorsTEINssoN and Tozer (1960, pp. 9-10).

?) Cf. Kocu (1929, I, pp. 93-94; 1935, p. 59), TroELSEN (1950 b, pp. 6-8;
1956, pp. 82-83).



I Absolute Age Determinations in East Greenland 33

According to THorsTEINSsON and Tozer (1957, 1960) in Ellesmere
Island two belts of Tertiary thrust-folding, that converge in the Eureka
Sound area, are observable: (a) The northern one runs along Eureka
Sound. North of Nansen Sound its fold trend swings from north to north-
east, which is the general trend of the Paleozoic pattern. (b) The southern
belt crosses Bay and Canyon Fjord and probably extends through Vic-
toria and Albert Mountains and Judge Daly Promontory. Also in this
area the Tertiary folding and thrusting is co-axially superimposed on
the Paleozoic fold system, (cf. Figure 2).

In southern Ellesmere Island the belt of Tertiary deformation ex-
tends farther to the east (that is towards the stable area) than the
Paleozoic fold belt.

In the area of the Greely-Hazen Plateau an unaffected block of the
ancient Paleozoic tectogene is preserved between the two belts of Ter-
tiary tectonic activity.

A set of vertical photographs of North Greenland which had been
taken by the aerial photographic survey of the Geodeetisk Institut
Kgbenhavn in summer 1960 shows a striking thrust-fold system, with a
distinct southward drive, which welts the North Greenland fold belt be-
tween Hall Land') and J. P. Koch Fjord. The structural relations indi-
cate that the onset of this arrangement post-dates the Paleozoic tectonics
of North Peary Land and Nansen Land. Thus, it seems likely that in
accordance with the structural succession found in Ellesmere Island,
also in North Greenland a Tertiary deformation is superimposed on pre-
existing fold structures, which were accentuated and thrusted by that
younger orogeny (cf. Figure 2).

The initiation of the E.-W. striking thrust-faults in the area west
of J. P. Koch Fjord may coincide with the formation of the normal
faults, which flank the North Peary Land horst mentioned above.

Isotopic Ages.

Hitherto no rock samples from the North Greenland fold belt have
been subjected to age determination. The Paleozoic metamorphics of
North Peary Land should be dated to see how these events relate to
the Paleozoic folding and metamorphism in East Greenland. As men-
tioned by Kocum (1920; see also his geological map on back cover),
TroELSEN (1950 b), ELLiTsGAARD-RAsMUsSEN (1950, 1955), and FRANKL
(1955b) several generations of various kinds of post-tectonic intrusives

1) The overthrust along the coast of Hall Land had been ascertained in terrain
by W. E. Davies and D. B. KrinsLEy who landed in this area in spring 1960 by
helicopter (private communication).

171 3
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cut across the North Greenland fold belt. Age measurements obtained
from such dike systems will probably make it possible to read out the
post-Paleozoic evolution of the belt.

II. The East Greenland Fold Belt.

In East Greenland, from the 70th to the 82nd circle of latitude,
the Paleozoic belt runs along the coastline. The observable tectogene
reaches 1,400 km. in length and up to 300 km. in breadth.

The East Greenland fold belt was initiated in Silurian time. It
shows a distinct westward movement towards the Precambrian plat-
form. The belt developed during three phases of tectonic activity:

(a) Caledontan main orogenesis (Silurian) affected the whole east coast
north of the 70th parallel,

(b) Late Caledonian spasms (Devonian) are restricted to the territories
south of the 76th parallel,

(¢) Minor succeeding episodes (Carboniferous to Lower Permian) caused
shallow disturbances within an intramontane basin structure filled
up with detritus, Old Red and partly Carboniferous in age.

The central part of that extensive Silurian belt indicates a deep-
seated mobility and strong migmatic activity during the main orogenic
epoch. From the 70th to the 76th parallel the course of the orogeny gen-
erally trends N.-S. There, a vast geosynclinal pile was subjected to
folding and regional metamorphism. The intensity of deformation in-
creases with depth. From 76° to 82° N. Lat. the orogeny created a
linear thrust-fold belt directed north-northeasterly. In most places the
orogenetically active tracts lie below the present exposure-level and
beyond the coast in the northernmost part.

The western border of the belt can be seen in the westernmost
Gaaseland (70° N. Lat.) where an inlier exposes the Precambrian base-
ment (see above). As far as the 76th parallel, no more outcrops of the
undisturbed frontland are to be seen. It is in western Dronning Louise
Land that a N.-S. trending thrust-system outlines the edge of the oro-
genetically affected area. The Caledonian thrust carried blocks of an-
cient crystalline upon the intact foreland, that is the Precambrian
basement complex partly covered by Groenlandian sediments.

In Kronprins Christian Land, finally, a gliding nappe of Groen-
landian sediments established the western edge. It rests upon a blanket
of autochthonous Lower Paleozoic strata which are displayed over a
wide area of the foreland as well as in several windows in the thrust sheets.
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Stratigraphy of the Caledonian Affected Rock Units.

In Central East Greenland, there are two principal units involved
in the Caledonian main orogeny:

Cambro-Ordovician Lower Paleozoic
GEOSYNCLINAL | —————slight unconformaty
(C) ACCUMULATION { Tillite Group
(16,000 m) disconformity Groenlandian

Eleonore Bay Group

nonconformity

(A) PRECAMBRIAN BASEMENT COMPLEX

In Northeast Greenland we have to deal with three lithogenetic
units, two of which had been subjected to orogenic action in Carolinidian
time (Late-Precambrian) already:

Kronprins Christian Ld. East of present coast area
INTRACRATONIC ACCUMULATION IN
(Dw) DEPOSITS (Dg) MARGINAL TROUGH
(3,300 m) (5,000 m)
Hagen Fjord Group (Groenlan- Hagen Fjord Group
dian) disconformably overlain (restored section from
by Cambro-Silurian (up to Caledonian allochthone)
Wenlockian)
unconformity
GEOSYNCLINAL Thule Group
(6,000 m) Carolinidian
nonconformity orogeny

(A) PRECAMBRIAN BASEMENT COMPLEX
Figure 3 shows the areal distribution of the Precambrian base-
ment rocks (A), which are modified along the coast in most places
either by the Carolinidian or the Caledonian orogenesis or both of them.
The lithology and depositional setting of the pre-Carolinidian
Thule Group (B) had been outlined on previous pages.

The Carolinidian chain, in the progress of denudation, acted as a
long-enduring positive area, which had its essential influence upon the
depositional environments in Northeast and Central East Greenland.

3*



36 J. HaLLEr and J. L. Kurp I

South of the chain a geosynclinal condition (C) was established
over a largely extended tract, which sank interruptedly in a presumably
subcircular basin. Initially, the longer axis of the subsiding basin may
have been directed north-easterly and on later stages directed near
N.-S. The strata laid down in that geosyncline reached a thickness of
about 16,000 m, the bulk of which is made of Precambrian (cf. Fig. 6).

In Northeast Greenland, to the east of Kronprins Christian Land,
a smaller geosynclinal prism (Dg) was formed. The pile of late Pre-
cambrian sediments, now being a Caledonian allochthone in Kronprins
Christian Land, approached 5,000 m in thickness. Lower Paleozoic strata
are not ascertained hitherto within the allochthone.

Kronprins Christian Land itself represented a part of that positive
area mentioned above during the latest Precambrian. In consequence,
there the late Precambrian sediments reached only about 250 m. The
bulk of the autochthonous blanket, which was laid down on a cratonic
substratum, is chiefly made up of Lower Paleozoic limestone (Ordovician,
Silurian). (Cf. Fig. 7).

Caledonian Main Orogeny.
(Called ““old” Caledonian folding, Silurian).

In the 1,400 km long tectogene accessible today, the structural
patterns of the main phase differ from south to north. The style of defor-
mation was essentially controlled by the thickness of the supra-crustal
pile affected by the orogeny.

In the geosynclinal tract (C) in Central East Greenland, where the
cover was heavy and stiff, a folding developed without remarkable
crustal shortening. Continuous structures with generally uniform di-
rection prevail. A considerable part of the geosynclinal sedimentary
rocks as well as the crystalline basement (A), underwent rock-transfor-
mation in situ by heat and granitizing agents.

Where there had been a thin stratified overburden, linear structure
elements, caused by lateral thrusting, are predominant. This is a com-
mon case in Northeast Greenland. Intact plates of the basal pavement
(A +B) were displaced by these tectonics and are now observed in
thrust wedges and nappes.

Tectonic arrangements between 70° and 76° N. Lat.

The vast geosynclinal pile (C), mainly thick-bedded strata, acted
stiffly against disturbing forces. The Caledonian orogeny produced a
structural block with a mobile basal structure (infrastructure) of granitic
composition overlain by a broadly folded mantle (superstructure) of
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sedimentary rocks that underwent shallow metamorphism only. The
different plastic behaviour of these two storeys gave rise to a large-scale
disharmonious folding (‘‘stockwerk’-folding?)).

In a large area, the front of migmatization advanced thousands of
metres into the superficial pile. Both the basement and the geosynclinal
filling were involved in infrastructural conditions blurring the basal
unconformity. In those places, the granitized Groenlandian sediments
and their reworked basement are welded together without a seam.

In the area of the Kejser Franz Josephs Fjord, the regional meta-
morphism ascended up to the base of the Tillite Group in the columnar
section.

South of the 72nd parallel, the front of Caledonian rock-transfor-
mation slightly descends. There, it is possible to distinguish between
the reworked basement complex (A) and its converted cover of lower
Eleonore Bay beds. (Cf. Fig. 8).

From the 74th to the 76th parallel, the tectonic and petrogenetic
features attributed to the main orogeny are confused and modified by
late Caledonian processes. There is some evidence that the wave of old
Caledonian regional metamorphism did not reach as high a stratigraphic
level as in the Kejser Franz Josephs Fjord region.

Initiated by supply of heat and influx of material, the basal part
of the mobile belt was extensively modified. Vertically directed ‘‘up-
swellings” caused foci of granitic activity to expand into bulges and off-
shoots of different shape such as domes, recumbent folds (overlap up to
20 km), and even mushroom-shaped bodies (cf. HALLER, 1955a, pp. 80—
84, 165-66).

At some places, an ill-defined portion of the granitic material is
derived from the mobilized and completely obliterated ancient base-
ment. The bulk of this highly mobile central area is composed of mig-
matized sedimentary rocks, as can be ascertained from the partial pre-
servation of their original structures. From the core to the outer part
of these migmatite bodies, all stages of a successive granitization occur.
As the granitizing agents moved selectively into the theatre of graniti-
zation, shelled structures resulted. Thus within the migmatite bodies
bands of metamorphics can still be preserved.

The deep-seated process caused the folding as well as
the rock-transformation.

The fronts of regional metamorphism are largely conformable to the
structural elements of the migmatite series. The metamorphism increases
laterally and vertically. Controlled by the spatial position and shape
of the migmatite bulges, the zones of equal mineral facies cut across

1) Cf. WegmANN (1935 a, b), HALLER (1955a, 1956 a, 1957).
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the stratification and the fold-structures as shown in an example of the
head of Kejser Franz Josephs Fjord on Figure 9.

In Central East Greenland, the crest-lines of migmatite bulges and
the crowding B-axes of flow folds only partially follow the general N.-S.
trend of the sedimentary top structure. The pattern of the deep-seated
tectonics shows whorl- and bend-arrangements. (Cf. Structure Map,
Plate IV).

The sedimentary cover of the initial Caledonian structure is pre-
served between the 72nd and the 76th parallel. Open folds of several
kilometres amplitude trending N.-S. to NNE.-SSW. dominate the
structural pattern. They were formed by the bulging operation of mainly
vertical movement in the mobile substratum.

A zone of detachment, characterized by tectonic thickening and
thinning of the incompetent strata, separates the rather stiffly folded
superstructure from the mobile infrastructure.

Tectonic arrangements between 76° and 82° N. Lat.

Along the east coast between the 76th and the 82nd parallel the
tectonic regimes take quite different and more various forms than south
of the 76th parallel.

The difference in the tectonics can partly be explained by the pre-
Caledonian evolution of this coastal section. In the area of Dove Bugt
(76° to 77° N. Lat.) the orogenic belt leaves the simply built geosyncline
of Central East Greenland and runs into an intricate pattern of ridges
and troughs whose foundation consisted of north-northwesterly oriented
segments of the truncated Carolinidian chain.

The post-Carolinidian cover (Late-Precambrian and probably Lower
Paleozoic sediments) was apparently thin: Between 77° and 79° N. Lat.
it may have been approximately 1,000 to 2,000 m. That area acted, at
least temporarily, as a separating element between the geosynclinal
depression of Central East Greenland and the marginal trough of North-
east Greenland. Between 80° and 82° N. Lat. the geosynclinal filling
(Dyg) of at least 4,500 m Late-Precambrian strata (ef. FrRANkL, 1954,
1955 a) occupied the area east of Kronprins Christian Land, which
established the western edge of that marginal trough.

North of the 76th parallel, the fronts of orogenic mobilization and
metamorphism are generally deeper than in Central East Greenland.
They hardly rise over the ancient plane of post-Carolinidian denudation.
To a great extent they were arrested within the Carolinidian metamor-
phic complexes. Vast areas were not subjected to the Caledonian meta-
morphism at all or merely retrogressively overprinted.
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As the post-Carolinidian cover rocks varied in thickness and as the
structure of its substratum differed from place to place, the Caledonian
adjustments initiated a variety of local movements:

(a) The interior of the fold belt often shows a semi-plastic to rigid
shearing of the competent complexes of the foundation with subsequent
metamorphic and migmatic action, which was selectively facilitated by
the pattern of the preceding mechanical breakdown.

In the region of Dove Bugt migmatitic upfolds trending NE.-SW.
cut across the truncated Carolinidian chain striking NW.-SE. A cross-
folding with zonal selection led here to an assemblage of resistant and
mobile rock masses side by side. That mosaic of compartments of dif-
ferent ages form ingredients of that active central structure, which
backs up the westward travelled Caledonian allochthone. In Germania
Land, that is north of Dove Bugt, the pattern is entirely lost in the
NW.-SE. gneiss-blocks of the Carolinidian mass. A continuous transition
exists between the overprinted and the untouched ancient crystalline
complex.

In the area of Skerfjorden, the Caledonian infrastructure comes up
to the surface again. It forms here a whorl-like bulge of some 60 km
diameter. The rock material consists of repeatedly reworked gneisses
which originally may have been a part of the pre-Groenlandian basement,
but then were modified by the Carolinidian and again by the Caledonian
orogeny. At the western margin of the Skeerfjorden Complex, north-
northeasterly trending bunches of Carolinidian gneiss-folds were co-
axially overprinted.

In the southern part of Jokelbugten, ancient rock complexes have
been refolded plastically and also been rejuvenated in part. Along the
coast of Tuborgfondets Land, the Caledonian metamorphism was equally
operative. There, the southern sections were overfolded plastically and
the northern ones semi-plastically. The north-northeasterly gneiss-folds
originated in a co-axial refolding of the Carolinidian structure by the
Caledonian pattern. On the northern islands of Jokelbugten, the Cale-
donian movements merely produced shearing of rigid rocks. Between
the pre-existing complexes that were left intact and the Caledonian
flow-fold structures there are broad transitional zones. North of the 79th
parallel outcrops of the Caledonian gneiss-folds are rare. Some north-
northeasterly trending upfolds appear in the coast area of Lambert Land.
There, as well as in the northern sections of the coast-mountains of
Tuborgfondets Land, late-tectonic pegmatites settled along a pattern of
shear-planes, which were directly controlled by the adjustments of up-
folds mentioned above.
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Along the east flank of the coast-mountains of Kronprins Christian
Land, it is possible that further Caledonian gneiss complexes occur.
North of Jekelbugten though, the actual fundamental structure of the
Caledonian belt runs to the Greenland Sea.

(b) The outer portions of the orogenic belt bear all features of a marked
tectonic drive towards the west. Upthrusts, overthrusts, and nappe-
arrangements build the western edge of the belt throughout.

In Dronning Louise Land, low-angle thrust planes striking NNE.-
SSW. carried slabs and blocks of ancient crystalline complexes as solid
masses over the intact pre-Groenlandian basement. Whilst the frontal
parts of the Caledonian allochthone and their immediate foreland
—except for weak stress-metamorphic effects—show no traces of Cale-
donian metamorphism, the thermal action increases towards the east,
that is, towards the interior of the belt. In Central Dronning Louise
Land, the influx of heat and material is to a great extent restricted to
the zones of thrusting between the resistant blocks. The ancient gneisses
and schists in eastern Dronning Louise Land underwent a thorough-
going reheating and in consequence they were plastically overfolded.
In Dronning Louise Land, the amount of thrusting is not known. The
active backbone of that forethrust is exposed in Dove Bugt mentioned
above.

In the westernmost nunataks of Tuborgfondets Land, Caledonian
thrusts acting from the east created a parautochthonous imbricate ar-
rangement. Similar structures are to be found in Lambert Land, where
westward travelled plates and blocks grade into the plastically over-
folded gneisses of the coast area.

The striking assemblage of nappe and peel thrust structures within
the coast range of Kronprins Christian Land bears all the features of
superficial tectonics. The orogenically active elements are deeply buried
here. The focus of Caledonian heat must have been very deep in this
part of the belt, since the entire mass of the filling of the marginal trough,
at least 4,500 m thick, pushed over from the east, is practically unmeta-
morphosed. In Central Kronprins Christian Land far-travelled thrust-
masses are probably due to gravitational gliding tectonics (cf. FRANKL,
1954, 1955 a). The frontal nose of the 40 km wide nappe trends north-
northeasterly. In its foreland, the autochthonous plate of Precambrian
and Cambro-Silurian strata was subjected to shallow folding. Frontland-
folding and nappe structures show co-axial trend. The root zone of the
nappe structures lies in the east of the Caroline-Mathilde Alper. This
mountainous backbone is made up of fractions of the Carolinidian trunk
split up into thrust wedges by Caledonian underpinching.
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The autochthonous to parautochthonous basement wedge uplifts in
the coast range between 80° and 82° N. Lat. as well as the similar struc-
tural units between Lambert Land and Dronning Louise Land, are
thrust bodies pushed westward by active foci. Between 76° and 80° N.
Lat. those orogenetically active centres of movements come up to sur-
face only in strips.

To sum up: The northern portion of the East Greenland fold belt
was under the influence of remarkable tangential crustal movements,
which left a strong linear structure behind. The north-northeast trend
of this Caledonian structure shows an astounding constancy over a
distance of more than 600 km, that is from southern Dronning Louise
Land the northern Kronprins Christian Land.

Isotopic Ages.

In Central East Greenland, the pre-Caledonian sequence ends with
Middle Ordovician beds, above which is a stratigraphical gap up to the
lower Middle Devonian. In former times there was a tendency to bring
that gap in connection with Taconic, i. e., Ordovician movements (cf.
WEGMANN, 1935 a, p. 49). It has been shown (Kurp, 1961) that the
absolute time for the Trenton deposition in North America (start of
Upper Ordovician) or the base of the Carodocian in Sweden is 440
10 m.y. Thus the movements which initiated the Caledonian orogeny
began at or subsequent to this date. Any older age in this area represents
the actual time of a Pre-Cambrian event or an intermediate apparent
age developed by partial loss of argon by the Caledonian orogeny rock
or sample HN-89 discussed above.

After the world war II additional results from Kronprins Christian
Land became available. FrRANKL (1955 a, p.24) showed Caledonian
nappe structures superimposed on Silurian beds, as young as Wenlockian.
Based on structural studies carried out in the years 1955-58 over the
whole East Greenland fold belt (cf. HALLER, 1961 b), it became evident
that the main orogeny in Central East Greenland coincides with the ini-
tiation of the post-Wenlockian nappe structures in Northeast Greenland.

The isotopic ages, related to rocks formed during the Caledonian
main orogenesis, support that conclusion. Thus it seems satisfactorily
shown that in East Greenland the principal mountain-building took place
in Stlurian time, probably in the upper part of this epoch, that is 420
to 400 m.y. ago. According to the latest definition of the geological time
scale (Kurp, 1961) the end of the Silurian is placed at 405 m.y.

The onset of the Caledonian metamorphosis in Central East Greenland
can not be determined from any of the existing samples, indeed it may
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be impossible to make such a determination unless a locality could be
found which was affected only by the initial metamorphism and then
was rapidly cooled and remained near surface temperature for the
duration of the Caledonian period.

The end of the main orogeny is best defined by sample HN-202A
from Lambert Land (79°30’ N. Lat.). This sample gave an age of 405 +
10 m.y. which lies at the Silurian-Devonian boundary.

HN-202A represents a late-tectonic pegmatite, which intruded the
latest shearing pattern in the coast area of Lambert Land. The em-
placement of that pegmatite dates the relaxation of Caledonian activity
in Northeast Greenland. There was no further metamorphic activity in
this area so that this may be an absolute age.

Sample JH-105 B is geologically from an early stage of the main
orogeny. This phlogopite-diopside-schist is derived from one of the earliest
upwarpings of the infrastructure in Central East Greenland, that is
“Migmatite Dome Nigglis Spids” (cf. HALLER, 1955a, pp. 84-95, 166-
167). The locality of Sample JH-105 B is to be seen on Plate III. The
age of 400 + 10 m.y. means either (1) the time between the early up-
warping and final pegmatite intrusion was short, or, (2) the area was
hot enough at the end of the major Caledonian orogeny to have caused
loss of all radiogenic argon formed during the period between initial
schist formation and the final pegmatite formation (see Fig. 10). The
maximum time interval involved can not exceed 30 m.y. (or all of the
Silurian) since sedimentation occurred through middle Ordovician time
as noted above.

Late Caledonian Spasms.

(Called “young” Caledonian folding, Devonian).

Late Caledonian spasms are restricted to the territories south of
the 76th parallel. In the latest stage of the main orogeny, that portion
of the Caledonian chain was subjected to extensive tension. Traces of
that widening are discernible through the whole structural edifice: In
the deeper storeys of the fold belt traces of that crustal widening are
seen in paracrystalline monoclinal folding. The shallower parts were
rigid enough to be fractured along slightly inclined slip faults, the total
displacement of which approach a considerable amount') in places.

The late-orogenic tension structures preferably occur along north-

1) FRANKL (1953, p. 50) examined a 42 km long cross-section in North Scoresby
Land, where tension fracturing was extremely operative. He obtained a widening
of 135 per cent.
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Fig. 10. Around Renbugten, that is the locality of Sample JH-105 B, the migmatite
dome is crossed by many post-tectonic pegmatites (see Plate I1I), which apparently
had their influence upon the radiometric systems within the country rocks. The
photograph from Renbugten portrays the relationship between one of these alkali-
feldspar pegmatites (to the left) and the gneissose country rocks, which are related
to the Sample JH-105 B. The emplacement of the pegmatite caused a remarkable
heat acting upon the gneisses, which are softened up within a contact zone of about
0.5 m.

northwesterly trending lineaments. Between the 72nd and the 76th
parallel the ancient fold belt was divided by alignments of compound
slip-fault systems into three structural provinces: (1) a northern high
ground, (2) a down-flexed graben-like tract, and (3) a southern high
ground (cf. Fig. 11).
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Northerly to north-northeasterly striking step-faults led to further
differences of level in the truncated old Caledonian belt. A fundamental
NNE.-SSW. fracture runs from Skerfjorden (77°30" N. Lat.) through
Dove Bugt, Kong Wilhelms Land to the terminus of Waltershausen
Gletscher (74° N. Lat.). That disruption apparently preceded the pattern
of north-northwest alignments but was repeatedly renewed during the
Devonian.

The large-scale mosaic of fault-blocks was differentially affected by
the young Caledonian spasms. The nature and style of the overfolding
are completely different within the provinces (1) to (3). There is also a
succession in age that is fairly well proven by the record of Devonian
strata. The overfolding of the northern high ground (1) antedates the
fold-systems within the Old Red basin (2).

Isotopic ages.—Sample HN-7b represents coarse pegmatitic
muscovite from a post-tectonic granite intrusive which probably oc-
curred just subsequent to the termination of the Caledonian metamor-
phism within Province (1). The age of 395 1 10 is probably an absolute
one. It is considered highly significant that the early post-tectonic Cale-
donian granites of Britain fall precisely in this age range. (KuLp, et. al.,
1960). Thus on both sides of the North Atlantic the Caledonian must
have begun after 440 m.y. ago and had been completed by 390 m.y.
The most probable time for the maximum is latest Silurian with tectonic
activity being completed by the end of the Lower Devonian.

(1) The Lower to Middle Devonian overfolding of the northern
high ground.

The first late Caledonian spasm affected the area between Clavering
@ (74° N. Lat.) and Bessels Fjord (76° N. Lat.) by a folding of NW.
trend. This is transverse to the main Caledonian structures. The active
centre of tectonism lies in Grandjeans Fjord (75° N. Lat.) where infra-
structural conditions revived.

In the northeast an echelon thrust-system outlines the boundary of
the young Caledonian regime, which caused a lateral push acting from
the Grandjeans Fjord focus. The western edge of the refolded segment is
the fundamental fracture mentioned above. Only in few places the traces
of refolding go to the west beyond that line.

The southern boundary of the refolded tract was disguised by the
imposition of Province (2), which apparently acted as a back-trough of
the new orogenic belt. In Payers Land and on Clavering @, folds plunging
gently on southeast axes as well as related shear planes interfinger
with the pre-existing northeast framework.
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In Province (1) no Devonian deposits had been found in situ.
All the rock units affected by the revived orogenic action hitherto were
ingredients of the old Caledonian structure: (a) the pre-Groenlandian
basement reworked and obliterated by the Caledonian is exposed in the
area between Grandjeans Fjord (cf. Sample HN-89, p. 24) and Clavering
@, (b) metamorphic strata of the Lower Eleonore Bay Group, and (c) non-
metamorphic sediments of the Lower and Upper Eleonore Bay Group
which were parts of the former superstructure. These beds prevail in
the environs of Bredefjord and Ardencaple Fjord where a northwesterly
trending sag was formed before the refolding took place.

The rocks distorted by the young Caledonian spasm are transgres-
sively overlain by Jurassic detrital sediments. Hence there is a consider-
able gap in the stratigraphical record.

The young Caledonian movement pattern.—The structural
elements of the old Caledonian belt generally trend northeasterly. The
tight gneiss-folds of its infrastructure and the open arches of its non-
metamorphic superstructure run co-axially in the whole area. The
superimposed pattern everywhere trends northwesterly demonstrating
a cross-folding on a large scale. (Cf. HALLER, 1957).

The area around Grandjeans Fjord displays the infrastructural centre
of the young Caledonian belt. The gneiss-complex produced during the
main orogeny was remobilized and rejuvenated by chemical and thermal
action. The reactivated migmatites show a strikingly fresh habit, al-
though the mechanical breakdown of earlier foliation is conspicuous (cf.
Plate II). The young and old fold-axes cross at right angles, but the
superimposed northwest pattern dominates the structural make-up.
The cross-folding took place in a plastic condition, which is presumably
connected with an inherited orogenic heat of the early Caledonian.
Of the former architecture merely fragments of steep axial plunge
folds are left. The young flow-structures expand towards the north-
northeast. Their axes are horizontal or plunging gently, mainly to the
southeast.

In the anteroom northeast of the Grandjeans Fjord focus lie parts
of the ancient block which were refolded about corresponding axes and
thrust north-northeasterly. The displaced masses mainly consist of the
material of the former superstructure.

The earlier fault-pattern related to the fundamental north-north-
east line was subjected to strike-slip displacement of all dimensions. A
grand-style flaw occurs along the northwestern edge of the refolded
area, namely in Kong Wilhelms Land.

A thrust mass of unmetamorphosed sediments lies on parts of the
old Caledonian infrastructure. Its frontal nose runs from the head of
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Bessels Fjord to the northern edge of Shannon O. South of Bessels
Fjord the horizontal displacement amounts to 510 km.

The crystalline area in front of the nappe-structure is traversed by
several shear planes running parallel to the dominant thrust. In several
places, a granitic melt synkinematically rose into these low-angle faults.

After the folding and thrusting had ceased, other intrusive granites
forcibly intruded into the fold belt. Two of these intrusives of batho-
lithic dimensions cut across the displaced sedimentary mass. A third
batholith lies in the transitional zone between the sedimentary rocks which
were pushed northeasterly and the active infrastructure (cf. Fig. 12).

Isotopic Ages.—Due to the lack of Devonian strata within the
refolded tract, it was not possible on stratigraphic grounds to give an
accurate determination of the age of the initial young Caledonian push.
It was assumed to be Upper Devonian (HALLER, 1956 a, p. 21) but later
on investigation of the structural trends in the area south of Grand-
jeans Fjord and its relation to the stratigraphically dated Middle and
Upper Devonian tectonics in Hudson Land (ef. BUTLER, 1940, 1959), it
became apparent that the Grandjeans Fjord push preceded the Hudson
Land pattern (ef. HALLER, 1961 b). The isotopic age measurements are
in agreement with that finding, ¢. e., that the younger Caledonian folding
within Province (1) occurred in Lower to early Middle Devonian time.

Two rather accurate dates concerning the upper age limit of this
younger Caledonian spasm are available:

At the head of Bredefjord, a stock of intrusive granite cuts across
the young Caledonian thrust mass (cf. Fig. 13). The batholithic invasion
took place after the refolding and thrusting caused by the Grandjeans
Fjord focus. Sample HN-7 B represents a pegmatitic variety of this
post-tectonic granite, the muscovite of which yielded an age of
395 = 10 m.y.

At Kap Franklin, that is inside the basin tract (2), an analogous
granite batholith, well proven by the stratigraphical record as Middle
Devonian, showed a similar mica age (395 + 15 m.y.). Also the Kap
Franklin Granite (Samples KF-111, 180, 182) is a post-tectonic intrusive.
It broke through a vast accumulation of Middle Devonian clastics
(““Vilddal Series”), which underwent folding about westerly to north-
westerly trending axes before the granite invaded. The basal part of
that coarse detrital series, which bears fossil fishes, as well as its basal
contact are nowhere exposed. Thus no criteria will satisfactorily answer
the question about the relationship between the formation of the Vilddal
beds, their subsequent distortion, and the occurrence of the young Cale-
donian belt in the northern high ground. These clastics must surely be
waste products accumulated at the foot of the young Caledonian chain



I Absolute Age Determinations in East Greenland 51

The striking agreement as to the age of the two batholithic markers
lead to the conclusion that the post-tectonic intrusives widely distributed
in the refolded northern positive tract (cf. Fig. 12) correspond to the
Kap Franklin Granite, which invaded the lowermost beds accumulated
in the back-trough of the Grandjeans Fjord mountain belt.

As shown on Figure 14, adapted from BUTLER’S paper concerning
the Kap Franklin area (BOTLER, 1954), the Kap Franklin batholith,
stuck fast in its northwesterly folded Middle Devonian country-rocks,
was truncated and unconformably overlain by another Middle Devonian
sequence (“Kap Franklin Series”) indicating volcanic activity in the
northern portion of the basin structure (2).

These data suggest that the young Caledonian folding and
thrusting which affected the structural province (1) acted
during the Lower or the early Middle Devonian, actually
prior to the emplacement of the batholiths with mica ages of about
395 m.y. On the other hand the errors are sufficiently large that HN-7b
intrusive could be considerably younger than KF-111, 180, 182. It ap-
pears unlikely, however, that the latter could have been emplaced later
than 380 m.y. ago which would still be in the Middle Devonian.

(2) Middle and Upper Devonian fold-systems in the downthrown
basin tract.

A flexure line, which coincides with the course of Wordies Gletscher,
established the northeastern edge of the subsided tract. The southwest
edge runs from West Andrées Land to EastLs yells Land and from there
along Kong Oscars Fjord to Canning Land (cf. Fig. 11).

The basin is open towards the east. Towards the west the keel of
that intermontane basin tract is lifted step-like by northerly running
faults as mentioned above. The entire depression comprising the systems
of Kejser Franz Josephs Fjord and Kong Oscars Fjord was named
“Royal Bay” by Kocu (1935, p. 78).

The stratigraphical units involved in the Middle and Upper
Devonian structural pattern are as follows: (a) The basement of the basin
consists of the truncated old Caledonian superstructure, i.e., Groen-
landian and Lower Paleozoic beds. (b) The sedimentary filling represents
a post-orogenic accumulation of Middle and Upper Devonian detritus,
partly interbedded with products of a repeated volcanic activity. The
total thickness of the Old Red, the depositional setting of which is most
intricate in detail, reaches more than 7,000 m. The basal beds overlap
nearly 8,000 m strata involved in old Caledonian folding (cf. BUTLER,
1957, pp. 19, 74; 1959, p. 168).

In the basin province (2) manyfold tectonic events may be traced.
Yet only in the area of Hudson Land (74° N. Lat.) it is possible to restore
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Fig. 14. Sections showing the stratigraphical position of the Middle Devonian Kap Franklin Granite. Sections A and B cut the southern slope
of Knuden about 3 and 3.5 km, respectively, to the west of Kap Franklin.

Pre-granite formation: (1) Vilddal Series (Middle Devonian greyish-green sandstone beds of at least 1,500 m thickness).—(3) Kap Franklin
Granite (post-tectonic batholith which invaded the folded Vilddal Series. Sample KF-111-182 derives from the compartment north of the pre-
Permian fault “f”).—Post-granite formations: (2) quartz porphyries, (4) accumulation of mostly rounded porphyry blocks, tuffs, and tuffites,
(5) breccias, conglomerates, and fluvial sandstones of the Kap Franklin Series (Middle Devonian); (6) conglomerates and sandstones of the
Randbdél Series (Middle Devonian).—(7) Upper Permian and Eotriassic beds, (8) Tertiary basalts.—After H. BoTLer (1954, fig. 15, p. 72).
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an incontestable sequence of incidents based on stratigraphical facts.
Birier (1940, p. 23; 1957, pp. 12-15; 1959, pp. 179-182) recognized
two Middle Devonian (Hudson Land Phases I, II) and two Upper De-
vonian spasms (Hudson Land Phases III, IV).

As to the whole province, two differently directed movement pat-
terns are discernible. The first, trending north-northwesterly, was ap-
parently initiated before the second system which carries an east-north-
east strike. The movements of both systems, however, overlap in time
and are likely to be Middle and Upper Devonian in either case.

Both patterns bear the features of superficial tectonics initiated by
syntectonic off-shoots of granitic melts. Over large sections there is an
intimacy between folding, overthrusting, and intrusion of melt. The
granites were intercalated conformably between the mechanically com-
petent rocks. They form a principal ingredient of the young Caledonian
structural make-up within Province (2). The granitic melts were intruded
on the low-angle thrust planes and thus furthered the internal mobility
of the growing thrust-fold belts. These syntectonic granites correspond to
the ubiquitous late to post-orogenic type of granite in Central East
Greenland, which is considered to be a late palingenetic product of the
main orogeny (cf. Harrer, 1955 b, p. 281). This statement of origin,
however, applies to all the intrusive granites emplaced syn- or post-
tectonically in the young Caledonian structural provinces. As indicated
by the pattern of tectonics these granites crept into their places at dif-
ferent times, apparently launched by a forceful upward projection of
molten material from squeezed reservoirs below the fluidal basal com-
plexes.

Folds and forthrusts running north-northwesterly to northerly seem to
represent the initial system of movements in the basin province (2).
Its prevailing element forms a strip of mobility following the southern
edge of the basin tract. In North Andrées Land and in Louise Boyds
Land, sheets of intrusive granites are conformably and plastically in-
volved in that folding, the front of which established a southwesterly
directed thrust pattern. South of Kejser Franz Josephs Fjord, the fold-
ing runs co-axially to the old Caledonian superstructural upfolds, which
were accentuated and partly overturned. On Ella @, the accentuation
of the dominant anticline can be dated Middle Devonian based on strati-
graphy. Notable strike-slip displacements with differential folding of the
sides arose along former fault systems.

The pattern trending north-northwesterly shows furthermore in
southern Bartholins Land, which is in the interior of the basin tract.
There, a granite batholith about 30 km in length is emplaced in the
elongation of an inferior flexure.
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In Hudson Land, the elevation of thrust-wedges forced up by
lateral pressure acting from southeast (Hudson Land Phase I, cf. BiT-
LER, 1959, pp. 180-181) may coincide with the movements of this system.

The structural pattern trending east-northeasterly is presumably
younger than described above. Its principal line marks a main morpho-
logical feature, i. e., Hambergs Gletscher — Adolf Hoels Gletscher —
Bartholins Land. The system cuts also through the southern high ground
up to the innermost nunataks. It established a thrust-fold belt, 240 km
in length, involving intrusive granites, which behaved syntectonically
at the eastern flank and post-tectonically at the western flank of the belt.

North of Waltershausen Gletscher, the thrust-fold pattern co-axially
joins the stratigraphically dated thrust structures in Hudson Land
(mainly Upper Devonian). In that area, an intensive faulting preceded
the thrust movements. Thus, many of the former fault planes were over-
turned towards the west and developed into upthrusts?).

Isotopic Ages.—From Province (2) only the Kap Franklin
Granite, mentioned above, was checked as to age (395 + 15 m.y.). Ac-
cording to BUTLER (1959, p. 181) the emplacement of that intrusive
post-dates the structures initiated during the Hudson Land Phase I
(Middle Devonian). As already shown, the strip of young Caledonian
tectonism along the southern edge of the basin tract may be coeval
with this phase of movements.

For future work on isotopic dating the widespread set of syn- and
post-tectonic intrusives offers manifold possibilities to investigate that
intricate pattern of movements, which are partly linked to stratigraphical
evidence. This in turn may provide additional valuable calibration points
in the Devonian Period for the geological time scale.

(3) Plutonic events of presumed Devonian age in the southern
high ground.

The area of interest (3) extends from the inland ice to the coast.
Liverpool Land displays the narrow eastern flank of that young Cale-
donian positive block. The geology of the Scoresby Sund region is only
known in rough outline, so that the tectonic history of the region can
be inferred only in general terms.

The southern tract consists nearly exclusively of segments of the
old Caledonian infrastructure, consisting of reworked basement rocks.
Parts of the supersiructure find themselves merely in the edge zone to-

1) Cf. BUTLER (1957, pp. 12-20, 74, pl. I; 1959, pp. 179-182, pl. IV), HaLLER
(1961 b, pp. 182-184).
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wards the down-flexed basin tract (Suess Land, Lyells Land, Scoresby
Land, and Canning Land) and in the nunatak zone. Devonian beds
are absent in the whole area. The earliest post-orogenic formations
are considered to be Carboniferous (viz. “Redes Conglomerates™ in the
inner Scoresby Sund, cf. BorLER, 1957, p. 59).

On the whole the southern high ground was a resistance area in
young Caledonian time. Folding and upthrusting acting from northeast
affected the tract only along its edge between 72° and 74° N. Lat.

In the region of Scoresby Sund there is no light concerning the extent
of the young Caledonian movements yet. There too, several post-meta-
morphic shear planes were noted.

It has been concluded that big granite batholiths of late Cale-
donian age broke through the interior of this area. The intrusions are
placed on two lineaments striking north-northeasterly in a remarkable
manner: (i) The batholith in Charcots Land (longitudinal axis 40 km)
and the narrow batholith Nordenskjolds Gletscher (longitudinal axis
60 km) set the first alignment. (ii) The second line parallels the latter.
It consists of a fairly continuous batholithic invasion of 150 km that
extends from the Staunings Alper to Renland.

As it had been determined in the Staunings Alper (cf. HALLER,
1958, pp. 95-100, 142) these batholiths developed at intervals.

It seems likely that the act of granite intrusion partly coincides
with the tectonic events in the Old Red basin. Suitable isotopic ages
could give a definitive answer to this problem.

Minor Succeeding Episodes.
(Upper Paleozoic movements affecting the Old Red basin).

In Upper Paleozoic time, shallow disturbances affected the Old Red
basin of Central East Greenland. BUTLER (1955, p. 11) declares them to
be trailers of the Caledonian orogeny. They merely touch the Caledonian
pattern temporally as well as spatially. Two separate phases of move-
ments can be distinguished.

(a) The early Carboniferous movements, called “Ymers 0
Phase”?), produced open N.-S. folds within the molasse basin between
Ymers @ and Kong Oscars Fjord. The warpings flatten in the north of
Kejser Franz Josephs Fjord. The southern area underwent stronger
distortion. In the western part of Geographical Society @ and Traill &
crowded folds partly occur in a thrust pattern. An upthrust towards the
west establishes the western edge of the affected area. There is a general
association of that shallow tectonism with displacement of fault blocks,
denudation, and the accumulation of the continental Middle Carboniferous.

1) Cf. BUTLER (1955; 1959, p. 182).
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(b) On the south side of Kong Oscars Fjord warpings about north-
easterly axes affected the Upper Carboniferous strata, which are uncon-
formably overlain by coarse detritus of (Lower?) Permian age. Move-
ments responsible for these structures are styled ““Scoresby Land Phase”1).

The Geological Time Scale tentatively applied to the Paleozoic
Orogenic Cycle in East Greenland.

On the basis of the above-mentioned data on the absolute age as
well as of the hitherto available data on the standard time scale (KuLp,
1961) the time indices of the Paleozoic orogenic cycle in East Greenland
are probably as the following:

(3) Minor succeeding episodes: 350 to 270 m.y. (Carboniferous)
(2) Late Caledonian spasms: 400 to 350 m.y. (Devonian)
(1) Caledonian main orogeny: 420 to 400 m.y. (Silurian).

This tentative scale outlines an astonishing longevity of the se-
quence of tectonic unrest. Yet the major orogeny with vast regional
metamorphism was probably restricted to the Silurian. The main orogeny
launched by deep-seated mobility along the whole east coast, from at
least 70° to 82° N. Lat., reached its climax in the end of the Silurian,
and probably even lasted till the earliest Devonian. This short and vio-
lent growth of the principal belt contrasts with the long-enduring orogenic
decline which caused several secondary foci of tectonic activity between
72° and 76° N. Lat. Later secondary pulses continued for 100 m.y. until
the entire belt was completely stabilized and finally relaxation set in.

The secondary late spasms, were generally observed to produce
folding related to regional compression and the upward injection of late-
orogenic palingenites. In each case the area was quite restricted com-
pared with that of the main orogeny. These late-tectonic events arose
during the Devonian, over an interval of about 20-50 m.y.

The tectonic events called minor succeeding episodes, which occurred
during the Upper Paleozoic, were controlled by the destruction of the
Siluro-Devonian mountain ranges by block faulting and related crustal
movements. Warping and thrusting, partly launched by lateral pressure
acting from the east, occurred in an area strictly confined to the southern
compartment of the Old Red basin structure.

1) Cf. BUTLER (1935 b, p. 31), Witzic (1954, p. 16), HALLER (1961 b, p. 185).
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4. Post-Caledonian Block Faulting.

In post-Devonian periods several late Caledonian fracture systems
were renewed at different times:

(1) First of all, strong faulting was operative in the Carboniferous,
as mentioned above. Its dominant systems strike N.-S.

(2) Later on, during the Mesozoic and the Cenozoic, vertical dis-
placement combined with tilting of fault-blocks acted in a recurrent
manner. Especially in the early Tertiary many of the existing N.-S.
fault lines revived and new systems, mainly diagonal faults, developed.
The step-like fault block arrangement generally descends towards the
east. In Central East Greenland, the prevailing pattern affected the
outer fjord region only (cf. Fig. 15). Its faults and flexures are linked to
extensive basaltic eruptions, which occurred in several generations (cf.

WEenk, 1961 a, b).

The reader will find details concerning that post-Caledonian fractu-
ring mainly in the papers of Kocu (1929, I; 1930, 1935), ViscHER (1943),
and BUTLER (1957).

Thus, from Scoresby Sund (69° N. Lat.) to Kronprins Christian
Land (82° N. Lat.) a basic pattern of fracturing exists along the actual
edge of the continent. Systems of multiple, high-angle faults running
near N.-S. essentially led to the present-day coastline.

5. Cenozoic Disturbances.

As discussed above, the southern edge of the Paleozoic North Green-
land fold belt contains a superimposed thrust-fold pattern of presumably
Cenozoic age.

In East Greenland, weak superficial folding of post-Mesozoic age is
to be found (a) coastwise in the region between 80° and 83° N. Lat.,
and (b) in the coast area of Central East Greenland between 71°30" and
72° N. Lat.

(a) In Northeast Greenland shallow folding affected northeastern
Kronprins Christian Land, and the eastmost part of Peary Land as well.

In Kronprins Christian Land, post-Caledonian cover rocks (Carbo-
niferous, Permian, Triassic(?), and presumably Cretaceous or Tertiary
beds) were subjected to NNW.-SSE. warping (cf. NieLsen, 1941, p. 18).
The crest-lines of the broad saddles run at a distance of about 25 km.
In the environs east of Station Nord, HALLER recognized upthrusting
towards southwest, which may be also related to that folding. Likewise
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it seems possible that strike-slip displacements along post-Caledonian
NE.-SW. faults in southern Kronprins Christian Land are linked to
those Cenozoic ‘disturbances. Moreover, warping about northwesterly
to north-northwesterly trending axes occurs on the oblong islands to
the northwest of Station Nord. That structure pattern is supposed to
continue to the easternmost Peary Land, from where similar structures
have been reported.

(b) In Central East Greenland, a shallow folding of post-basaltic
age, . e., Cenozoic, is observable in eastern Jameson Land, as mentioned
by RosEnkrantz (1929, p. 149), Noe-Nycaarp (1934, p. 76), and
Triompy and Grasmick (1962). The production of those open folds
trending near N.-S. was apparently launched by vertical displacement
of fault blocks.



‘paolyg sydesop zuea,f dosfoy] souur jo uordes oyy ur sodures jo uoryeoo -9y S

- 3

ONVTS STINNY

~ A e

PP N
LA GEL T




POSTSCRIPT

While this paper was in press, at Columbia University additional
data from East Greenland samples have been obtained. Sample loca-
tions are shown in Figure 16. The analytical data are given in Tables
3 and 4.

Table 3. Additional Results of K4-Ar4 Measurements on Samples from
the Kejser Franz Josephs Fjord Region.

Sample fo K Arto*scc/g Isotopic Age (m.y.)
GW-73 R i} Lo oo
Muscovite 6.7% 1.23 % 10 4
JH-146 . o s
Biotite 7.29 1.27 x 10

Table 4. Result of a Rb%-Sr8” Measurement on Sample GAA-135 from
the Basement Exposure in the Innermost Scoresby Sund Region.

Sample Rb ppm. Sr87* ppm. Isotopic Age (m.y.)

GAA-135 455 4.41 2290

Sample GW-73 R (Coll. E. Wenk, 1951)
Locality : Fraenkels Land (73°11" N/27°40” W). Mouth of Knakdalen.

Geological Setting: Caledonian metamorphite of sedimentary origin. Sample
GW-73 R represents a band of mica-schist which is involved
in the main orogenic infrastructure (migmatite sheet ‘“Hagar”,
see Figure 9).

Petrography: Schistose variety of staurolite-garnet-biotite-muscovite-plagio-
clase-gnerss.

References: WENK and HarLiLer (1953) pp. 27-31, pls. I, II; SCHWANDER
(1953),pp.283-85,289;WENK (1954) pp.309-12; HarLLer (1955a)
pls. I, IL.
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Fig. 17. Root zone of migmatite sheet “Hagar”, showing location of Sample GW-73 R.

Discussion. — As shown in Figure 9, at the head of Kejser Franz
Josephs Fjord, progressive stages of the main Caledonian metamorphism
are to be found over a horizontal distance of 20 km. Eleonore Bay Group
phyllites outside this aureole of regional metamorphism yielded isotopic
ages of 425 m. y. (JH-560) and 410 m. y. (GW-59). In addition to these
determinations, Sample GW-73 R represents a band of a pelitic metase-
diment inside the migmatite body, which welled as a tongue into the
superstructure (Figure 17).

As it is to be seen on Figures 9 and 17, the zones of equal mineral
facies cut across the stratification and across the fold-structures.
The fabric of the metamorphic sediments shows that porphyroblasts
were formed partly during partly after the folding. This, together with
the cross-cutting of the isogrades, indicates that the heat operation
outlasted the process of infrastructural doming. The welling-up of that
centre of migmatization caused the folding as well as the heat operation
far into the superstructure.

In contrary to other compartments of the old Caledonian infra-
structure (e. g. “Migmatite Dome Nigglis Spids”), in the root zone of
“Migmatite Sheet Hagar” from where Sample GW-73 R derives, no
post-tectonic pegmatite invasion is known. Therefore, the mica age of
Sample GW-73 R (410 =10 m.y.) is probably a fairly reliable date
for the climax of the Caledonian main orogeny in Central East
Greenland.
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KAP MADELEINE

JH-146
; NIGGLIS SPIDS
: 2004m

LACROIX BJERGE

ISFJORD

PSAMMITIC GNEISSES

INTRUSION COMPLEX
MICA-SCHISTS

[@ ALKAL/-GRAIYITES MARBLES
(post-tectonic) s
/:j/ AUGEN-GNEISSES
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(late-tectonic) G

Fig. 18. Geological section across the Kap Madeleine grano-diorite complex in
Isfjord. — After J. HaLrLer (1955a) pl. I1I.

Sample JH-146 (Coll. J. Haller, 1950)

Locality: Western Andrées Land (73°20" N/26°50” W), Isfjord, Kap
Madeleine.

Geological Setting: Caledonian intrusive complex which mainly consists of
a porphyritic grano-diorite with lenses of hornblende-biotite-
schists. The complex occupies the core of an anticline in the
northwestern flank of ‘“Migmatite Dome Nigglis Spids”, see
Figure 18. The emplacement developed in steps the earliest
of which are closely related to the upwarping of the migmatite
dome (main orogeny). The latest intrusions are post-tectonic.

Petrography: Coarse-grained, mesocratic hornblende-biotite-grano-diorite with
phenocrysts of micro-perthite (up to 6 cm in length). The rock
bears epidote-zoisite, titanite, spinel, apatite, and calcite.

References: HavrLer (1953) pp.79-93, pls. I, I, VI; (1955a) pp. 76-77, pls.
I, 11, III.

Discussion. — The bulk of the grano-diorite complex is mainly of
replacement-origin. The rock-types formed during the late stage of the
infrastructural doming are shown on Figure 19. The predominant type,
represented by Sample JH-146, is the porphyritic grano-diorite (1). It
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Fig. 19. Porphyritic grano-diorite complex of Kap Madeleine. (For explanation,
see text).

is crammed with xenoliths (2) of hornblende-biotite-schists which are
remnants of the replaced host-rock. The introduced material is repre-
sented by a heterogenous alkali-feldspar pegmatite (3), and an aplite (4)
of alkali-granitic composition. These veins were intruded largely con-
temporaneously.
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The biotite of Sample JH-146 was formed during this intricate
process of aplitic-pegmatitic veining and replacement.

At a later stage, the congealed grano-diorite complex was partially
subjected to invasion of albite-ric hliquids and aqueo-igneous fusion. (Cf.
Harrer, 1953, pp. 89-91).

The mica age of Sample JH-146 (395 + 10 m.y.) suggests either that
the formation of the grano-diorite complex is related in time to the late
orogenic intrusives (see pages 56-57) or, more likely, that the complex
was sufficiently warm at the time of this subsequent invasion of liquids
to have caused loss of radiogenic argon.

5*



APPENDIX

Some Remarks on the Terminology ‘‘Caledonian’.

According to its temporal position the initial and most intense
orogenic happenings in East Greenland have to be defined as Cale-
donian. As indicated by the present isotopic ages as well as by the
stratigraphical record in Northeast Greenland, it is a matter of fact that
as to its age the main orogeny corresponds to the Caledonian in its best
sense, that is the “Caledonian sensu stricto” (StiLLe, 1919, p. 201) which
established the Lower Paleozoic folded belt in Caledonial), i.e. Scot-
land, (Kurp, et. al., 1960).

Nevertheless, in the progress of investigation the team of geologists,
who explored the East Greenland belt under the leadership of Dr. Lauge
Koch, decided to style the East Greenland orogeny ‘““Caledonian sensu
lato”?). For it has been very useful to use a term, which is suitable to
a whole sequence of Lower Paleozoic®) tectonism. Though within the
structural pattern of the entire East Greenland fold belt there is a striking
dominance of the main orogenic architecture, the additional disturbances,
caused by late tectonic spasms in Middle, and Upper Devonian times,
must be genetically related and incorporated into the Caledonian drama.
Thus, the concept of the “Caledonian sensu lato” applies
to the main act as well as to all subsequently developed
Devonian structures which were controlled by the arran-
gement of the principal architecture.

This terminology, however, is in accordance with the best StiLLEan
practice (StiLLe, 1924). For he comments as to the orogenic events
acting during Devonian time:

‘In Europa bezeichnen wir als “kaledonisch” jene Faltungen, die insbesondere
im Norden gewirkt und hier das System der ‘“Kaledoniden” geschaffen haben. Die
Faltung erreichte, wie wir sahen mit dem Ausgang des Silurs ihr Ende. Demgegen-
iiber sind ‘“wariscisch” jene jingeren Faltungsphasen, die das System der Varisciden
siidlich der Kaledoniden aufbauten. Sie haben nach der Devonzeit oder friihestens
im Spéatdevon eingesetzt.’

1) Cf. Suess, Ed. (1888, p. 100).
2) Cf. HALLER (1955 a, pp. 42, 160), FRANKL (1956, p. 7), Kocu (1961, p. 153).
3) The Lower Paleozoic includes Cambrian, Ordovician, Silurian, and Devonian.
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‘“Nun ist aber die zeitliche Trennung zwischen kaledonischer und variscischer
Faltung deswegen etwas unsicher, weil auch im Devon, auch abgesehen vom spétesten
Devon, Orogenesen nachweisbar sind, ... Es erhebt sich die Frage, ob man sie als
kaledonische Nachldufer oder als variscische Vorldufer ansehen soll.

In Einzelfallen ist die Entscheidung dieser Frage wohl zu treffen. So mag man
die ... Faltungen im schottischen Devon, als im Bereich der Kaledoniden liegend,
als Ausklang der kaledonischen Faltung betrachten. Dagegen wird man in den ...
schwachen unterdevonischen tektonischen Bewegungen im Unterharz ebensogut
einen Nachklang der dort erkennbaren kaledonischen Vorgénge, wie einen Vorldufer
der variscischen Faltung erblicken. Die Trennung wird eben dann schwierig, wenn es
sich um Gebiete mit sowohl kaledonischer wie variscischer Faltung handelt und die
ganze variscische Faltung schliesslich ein Fortgang der kaledonischen ist.” (op. cit.,
pp. 77-78).

The conception proposed by Kocu and co-worker, moreover, is in
agreement with the more recent terminologies of UmBGROVE (1947),
Rurren (1949), and DE SitTEr (1956):

UMBGROVE (op. cit. p. 27) underlined that ‘as more and more facts
came to light it became clear that Lower Paleozoic or *““Caledonian belts”
had not all originated during the same period.” On his tabular statement
(op. cit. p. 28) as well as on his world-map showing fold belts established
during “Caledonian epochs of compression’ (op. cit. pl. 1), he applies
the term ‘“Caledonian” to an interval of time ranging from the Cambrian
to the Upper Devonian, that is the entire Lower Paleozoic era. His ar-
guments are the following:

‘Though the oldest epoch in a so-called ‘“Caledonian’ belt is as a rule the Taconic,
and the youngest the Erian or Mid-Devonian far more ancient Cambrian phases
seem to occur in Asia. The oldest movements in Australia (Cambrian and Ordovician)
were likewise regarded by Andrews!) as Caledonian epochs, and the youngest epochs
in this “Caledonian’ sector were observed to occur towards the close of the Devonian
(the Bretonic epoch appearing elsewhere as the oldest in Variscian folded chains).’
(Op. cit. p. 27).

RutreN’s critical examination of StiLLE’s theory of short, world-
wide, and synchronous orogenetic phases, alternating with long anoro-
genic periods has aimed at a destruction of that ‘building StiLLE and
his followers have erected’ (RurrtEN, 1949, p. 1757). He showed that
‘the facts are not in accordance with this theory’ because ‘orogenetic
periods occur irregularly, at quite different dates in different regions’.
‘Moreover an orogenetic period 1s not of a very short duration. Much
of the evidence used by StiLLE is unreliable, consisting of inexact or
uncritical age determinations.” (Op. cit. p. 1755).

Concerning StiLLE’s “‘Caledonian sensu stricto” RurTEN emphasized :
‘The terms Ardennic and Eric ought to be suppressed, because we are

1) AnoreEws, E. C., The structural history of Australia during the Paleozoic.
J. Proc. Roy. Soc. (New S. Wales), 71, (1938).
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only able to distinguish movements belonging to a Neosilurian phase.
No definite age can be given for these orogenics’ (op. cit. pp. 1759-60).
As to that point, however, STiLLE himself revised his former statement
when he wrote (1950, p. 227):

‘Nachstehend wird also, wie ich schon lianger getan habe, nur noch von einer
einzigen jungkaledonischen [= Caledonian sensu stricto] Faltung gesprochen. Will
man fir sie neben der Bezeichnung ‘“‘jungkaledonisch’ noch eine der anderen Be-
zeichnungen beibehalten, so miisste aus Prioritatsgriinden “ardennisch”?!) den Vor-
zug vor ‘‘erisch’ haben’.

The foregoing quotation from StiLLE’s comprehensive review of the
Caledonian structures in Mid-Europe leads to the discussion about
another nomenclatural point:

The use of “‘old” and “young’ in the Caledonian terminology
of East Greenland. As to the well proven tectonic sequence in East
Greenland in BoTtLER’s and HALLER’s practice)?, the term ‘“‘old Cale-
donian” corresponds to the main orogeny while “‘young or late Caledonian’
is applied to the late orogenic spasms of Devonian age.

Considering the classic terms “‘altkaledonisch” and ‘‘jungkaledonisch”
styled by StiLLe (1919, p. 201; 1924, p. 64) our application of old and
young differs somewhat.

As long as the main orogeny in East Greenland was supposed to be
pre-Silurian (Taconic) our “‘old Caledonian™ was in essential agreement
with the classic term, that refers to Ordovician movements. Having
come to the conclusion that the East Greenland main orogeny is Silurian
in age we actually should avoid any further application of “old Cale-
donian” in East Greenland.

Nevertheless, it seems that there are reasonable grounds to continue
this practice. With reference to the passage above, quoted from RurTEN
(1949), it seems that the last four decennia should have taught us that
a tectonic sequence within an orogenic cycle is regionally
controlled by its environmental settings and not by any
correlative rhythm. Thus, the classic terms “alt-” and ‘“jungkale-
donisch” have lost their character as a time-marker. They should no
longer be applied to long-range correlations as originally thought by
StILLE.

The terms “old” and “‘young” Caledonian should be freed from any
definite temporal position so that they can be used as an adjunct to
explain a relative stage of tectonic development within the Caledonian do-

1) According to GossoLET’s term ‘“‘Ridement des Ardennes”, cf. GossoLET, J.,
L’Ardenne. Mém. Carte géol. Fr. (1888).
?) BUTLER (1935 a, et sqq.), HALLER (1956 a, et sqq.).
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main. The East Greenlandian practice, however, finds like-minded au-
thors among the British geologists, such as M. and A. G. MACGREGOR
(1948, p. 5), who also contrast Old Red tectonics with old Caledonian
structures (which were initiated towards the end of the Silurian, being
“jungkaledonisch” in StiLLEan practice).

Moreover, BUTLER (1954, p. 121) drew a parallel between the late
orogenic spasms of Devonian age in Greenland with the Acadian folding
processes of the Appalachians. In the present-day view, however, it
seems not suitable to apply correlative sub-terms to stages of the devel-
opment of a fold belt, which is as far away from the type locality as
the one of East Greenland. In addition to this, the tectonic sequences
in the Appalachians and in the East Greenland fold belt are different
in many respects.

The setting of the Upper Paleozoic disturbances within the
Old Red basin. The shallow tectonism which affected the southern
portion of the Old Red basin is, by no means, of the size of an actual
orogenic system. This merely represents succeeding episodes within a
system of intramontane basins which were filled up with Old Red and
partly with Carboniferous detritus?).

It appears that even the thrust-fold pattern established during the
Ymers O phase reflects a gravitational tectonism initially launched by
post-orogenic fracturing and formation of northerly trending horst
elements, as it had been vaguely outlined by Noe-Nyeaarp (1934, p. 70).

In regard to the tectonic aspect, in his first papers dealing with
the Devonian of East Greenland, BtTLER (1935 a, b) interpreted that
Ymers O folding as a ““posthume kaledonische Bewegung” (1935 b, p. 25),
and he pointed out that ‘these late-Caledonian folding movements in
Devonian times continued through part of Carboniferous times’ (1935 a,
p. 32). With respect to the papers of Kocn (1929, 1931, 1935), FrREBOLD
(1932), NoE-NyYGaARD (1934), and others who paralleled that latest stage
of Caledonian manifestation with StiLLe’s Variscian folding phases?)
BtTtLeEr (1935 a, p. 20), wrote:

‘It has turned out, however, that the tectonics of the region, especially in the
deeper Devonian series, are much more complicated than assumed, and that the
tectonic development of East Greenland has been very different from that assumed ac-
cording to STILLE’S scale.’

1) In Central East Greenland, the continental Carboniferous as well as the coarse
clastic Lower (?) Permian deposits are still to be considered waste products (“‘molas-
se’’) of the Caledonides, which were only peneplaned when the area became a part
of the Upper Permian sea.

2) See quotation from StiLLE (1924) on page 68.
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Likewise Kocu (1935) had some reservations as to the general
setting of the Variscian disturbances in East Greenland when he intro-
duced his passage dealing with that tectonism as follows:

“Uber die variszische Tektonik besteht noch keine vollige Klarheit, und es ist
moglich, dass die bisher vertretenen Anschauungen iiber Art und Ausmass der
variszischen Bewegungen korrigiert werden miissen.’ (op. cit. p. 139).

Nevertheless, BUTLER entitled his paper (1955), which mainly dealt
with the Lower Carboniferous tectonism on Ymers @, Geographical
Society @, and Traill @ “Das wvariscisch gefaltete Devon zwischen . ..”,
and he advocated the term “Variscian orogenic phase’” with reference to
the age and the areal distribution of these movements (op. cit. pp. 11—
12, 123).

In regard to the temporal position of the Ymers ) phase, BUTLER
and the authors mentioned above were doubtless correct when they
called the Lower Carboniferous tectonism ‘‘Variscian” and even when
they compared it with the “Sudetic phase’!) which is the widespread
and most intense Variscian orogenic action in Central Europe in the
Upper Paleozoic. But considering the geotectonic aspects as well as the
East Greenland fold belt as a whole, the term ‘“Variscian” leads to some
misunderstanding, and it is of importance to give a short statement on
that point. If we accept the current view of the development of an
orogenic cycle, which is in its fundamental concept still based on Harvr’s
principle, we have to remember that the principal orogenic belts, caused
by deep-seated mobility, in most cases raised along geosynclinal tracts.
Hence, an orogenetically deformed crustal segment had been usually
subjected first to geosynclinal conditions, or it had been at least a part
of a marine depositional area. In regard to this criterion or to that of
deep-seated mobility, neither in the East Greenland fold belt
nor in one of the other circum-Scandic belts traces of a
fundamental Upper Paleozoic orogeny are ascertainable.

Consider the geological setting of the authentic Variscian orogenesis,
that affected Central Europe mainly at the close of the Lower Carbo-
niferous. There, the Upper Paleozoic tectonism acted within a substantial
geosyncline, that was filled up by a vast sequence of marine Devonian,
which indicates a deep-water facies. Towards the north, that geosyn-
clinal depression was bounded by the Caledonian domain which is
characterized by continental to epicontinental Devonian accumulations,
which are called the Old Red?).

As already vaguely stated by StiLLE (1924; see quotation on page

1) Cf. StiLLE (1924, p. 82).
2) Cf. GieNoux (1955, p.108), BRINKMANN (1959, p. 79), etc.
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69) and later on definitely underlined by UmBcrove (1947, pp. 27-29)
it is a matter of fact that Caledonian and Variscian epochs overlap.

In places the two orogenic patterns can actually be found side by
side or crossing each other so that a proper Variscian pattern is super-
imposed on former Caledonian tectonics, as it is supposed to be in several
districts in Mid-Europe?'). A conclusive example, moreover, is Sardinia?)
in the Mediterranean region.

In other orogenic belts, as for example in the Appalachians3) or
in the Innuitian System?) there is a prolonged series of movements,
being of Early, Middle, and Late Paleozoic age. There, it would seem
unreasonable to force a terminology designed for the European setting
upon those orogenic systems. Thus, these terms are avoided in regard
to the Paleozoic orogeny in North Greenland also.

Considering the East Greenland fold belt, which is an
integral part of the circum-Scandic Caledonian domain,
the term “Variscian” should be omitted altogether, as it is
misleading from the point of view of the structural devel-
opment of that area.

1) Viz. Ardennes, Rhenish Schiefergebirge, Sudetes, etc., as stated by StiLLE
(1951), KeTTNER (1956) and others.

?) In Sardinia movements referred to the Caledonian orogeny acted towards
the close of the Cambrian and lasted into the Ordovician (“‘Sardic phase”, StILLE,
1939). As recently shown by Varpamasso (1956), the Sardic Caledonian orogeny
was preceded by the formation of a ‘‘geosynclinal” tract in Cambrian time, and
the Caledonian-deformed compartment, again, became a part of a Siluro-Devo-
nian geosyncline which was affected by an intense Variscian orogenesis in Carboni-
ferous time.

3) Cf. Kine (1959, pp. 42, 66).

4) Cf. TrorsTEINSsoN and Tozer (1960, pp. 6-11).
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PLATES



Plate 1.

Aerial view of Paul Stern Land and Vestfjord Gletscher taken in eastward
direction towards Vestfjord (left) and Gaaseland with Gnejssé in the background
on the right. The granite Sample GAA-135 (K-Ar mica 1900 + 50 m.y., Rb-Sr
microcline 2300 + 50 m.y.) of the Precambrian basement (A) derives from the southern
promontory of Paul Stern Land, seen in the centre of the plate.

The basal psephitic series (Ps) of the Precambrian geosynclinal sequence (Eleo-
nore Bay beds) accumulated on an irregular relief; it is conformably overlain by the
marble-chlorite-phyllite series (M). The phyllite-mica schist series (Ph) shows an in-
verted succession of metamorphic zones (cf. page 23).

This plate is reproduced from the paper of E. WENk (1961 b, Plate VI).
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Plate II.

The photograph shows the polymetamorphic migmatite HN-89 from Grand-
jeans Fjord. It represents ancient crystalline incorporated in the Caledonian infra-
structure of the main orogeny, when it was folded about north-northeast axes. In
young Caledonian time the gneissose area was reheated and refolded in a transverse
direction. During this second Caledonian reactivation the migmatites returned to
a macroplastic state which gave rise to large-scale flow structures. In detail the
gneissose material remained also rigid in part and then became boudinage-like or
cut into shear lenticles, the scars of which became obliterated by increasing effect
of quartzo-feldspatic mobilizers.
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Plate III.

Core and outer part of migmatite dome ““Nigglis Spids’” exposed on the south
wall of Jomsborg. The vertical cliff is 1800 m in height. Behind to the right is Ren-
bugten.

The white migmatites (C) emerging in the core are of monzonitic to granitic
composition; they are of replacement origin and include bands and lenses of para-
schists such as the phlogopite-diopside-schist JH-105 B. The basal migmatites are
covered by a shell of dark-coloured hornblende-rich rocks (Ga) about 50 m in thick-
ness. This basic seam grades upwards into augengneisses (E). This latter rocks form
several tongue-shaped sheets which are separated by mica-schists (J) and some
marbles (H). On the ice-covered top to the left, metamorphic quartzites (K rest
upon a flat thrust plane (dash-dot line). The migmatite dome is crossed by many
post-tectonic pegmatites (P). The photograph of Figure 10 was taken from the
position of “P”’, the upper right corner of this plate.
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Plate 1IV.

Structure Map of the Fast Greenland Fold Belt, 1:2,000,000.
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