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ABSTRACT

During the earlier part of the Gardar Period, continental sandstones
and volcanics (principally flows of olivine basalt) were laid down in
the Ilfmaussaq region; strata with a maximum thickness of over 3 km.
are preserved. The region was characterised. by hlock faulting with
sizeable dislocations and the stratigraphic succession on each fault
block is different. The geology of each of the blocks is discussed in
turn and, in a final synthesis, the successions of the blocks are
correlated and a preliminary analysis made of the fault system.

In addition to the basalt magma, which was erupted quietly in
great quantities, a quite separate volatile-fich ultramafic magma was
available in the region at intervals during the early Gardar. It was
responsible for the drilling of numerous diatremes and for a phase of
intense, explosive volcanic activity. There is clear evidence of the
presence of a related, concealed carbonatite body, located near
Qagssiarssuk, in the north of the area. The associated lamprophyric
rocks in this vicinity have been subjected to calcitic carbonatisation,
followed by ankeritic carbonatisation, while the country rocks have
been subjected to potash feldspathisation. Necks, sills and flows
of carbonatised uncompahgrite occur.

The petrography of the volcanic rocks is discussed in some detail
and chemical analyses are provided. Separate studies, in which X-ray
techniques were used extensively, have been made of the carbonates,
the alkali feldspars and the trace elements, in rocks associated with
the carbonatite. ,

The lamprophyre-carbonatite vulcanism has many parallels in the
volcanic fields of Bast Africa, but the presence of olivine basalt
magna in the area at the same time'is ain unusual feature. On occasions,
the two magmas were erupted almost simultaneously, yet there is no

indication of intermingling or mutual contamination.
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INTRODUCTIORN.

Preface.

From the beginning of 1968 until the autumn of 1960
the author was employed as a geologist by the Greenland
Geological Survey. and took part in geological expeditions
to South Greenland in the summers of_1958, 1969 and 1960,
From late 1960 until the presént, material collected in
Greenland has been subjected to laboratory investigation
in the Department of Geology, Durham University. " Leave
was taken in the summer of 1962 for a further field season
in Greenland.

The present study is based on field investigations
carried out as part of a programme of systematic geologicgfﬁxk
mapping of Southern Gréenland.on a scale of 1:20,000, §\3>N
organised by the Greenland Geological Survey.

The summer seasons Of 1958 and 1960 were spent on the
Narssaq Intrusive Complex. In 1959, Gardar sediments and
Vvolcanies on the IlfhauSsaq Peninsula- were mapped in
conjunction with V, Poulsen, Poulseﬁ was concerned mainly
with the sediments, while the author investigated the
igneous rocké. In 1962 = furthér season was spent in the
regien, during which the Qagssiarssuk area?-with its
intrusive and effusife ultramafic rocks, Wéé mapped in some
detail. The outlying areas of Igaliko, Narssarssuaq and
Nunasarnaussaq were also visited and the high land of the

Ilfhaussaq Peninsula revisited.

2euluh,
LIERAR
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Location of Ares and Access.

The area with which this investigation is principally
concerned is located on the western side of South Greenland
between 45°20” and 46910 W and 60°50 and 61915 N.

The deep fjords are ﬁavigable far inland and ocean-
going vessels can penetrate up Tunugdliarfik (Skovfjord)
to Narssarssuaq, some 80 km. from the open sea. Narssars-
suaq has an airport and a regular air service to Europe is
maintained.

Narssaq is the principal settlement of the area and
supports a minor industry based on the processing of mutton
and fish, There are smaller agricultural settlements at
Igaliko and Qagssiarssuk; the population at Narssarssuaq
is concerned with the harbour and airport installations.

Transport between the settlements is normal _ly by

motor~boat.,

Scope of the Work.

In the Ilfhaussaq region, the geology of the Gardar
igneous rocks older than the well known Ilfﬁaussaq
Intrusive Complex has hitherto been largely neglected.
The earliest phase of Gardar igneous activity is represénted
by a succession of lavas and pyroclastics which, with
accompanying arenaceous sediments, make up the Gardar
Continental Series.

This continentel formation is only known with certainty

to occur in the country between Sermilik and Igaliko Fjord



in the Julianehaab District of South Greenland. The total
area ﬁreserved is about 300 square kilometres. The most
extensive remmant of the Gardar strata occurs on the
Ilfhaussaq Peninsula, adjoining the Ilfmaussaq Intrusive
Complex, Other remnants of lesser extent occur isolated
on fault blocks in the vicinity.

The system of investigation has been as follows:

(1) The stratigraphical succession was established,
first on the Ilfhaussaq Peninsula where the
succession 1s most complete, then on the out-
lying fault blocks.

(11) A petrographic description of the igneous
rocks was prepared,

(iii) The strata of the various fault blocks were

correlated,

In the 1962 field-season, rocks of carbonatitic aepect
were found near Qagssiarssuk. In view of the economie
potential of carbonatite bodies as producers of niobium,
rare earths, apatite, barytes, etc., material from this
area was subjected to rather detailed petrographic examina-
tion to see whether the presence of carbonatite could be

substantiated.



Topogrephy and Relief,

In the part of South Greenland under considerasion,
the Inland Ice is as much as 100 km, from the open sea.
The intervening, recently gtaclated terrain has been partly
inundated. The resulting network of fjords emphasises the
grain of the country, which has a 50° strike.,
Topographically, the area_is-dominated by three

mountain groups;

(1) Kitdlavat, & spectacularly narrow, north-east-
south~-west ridge lying north of the head
Kangerdluarsuk fjord and rising above 1100 m,

(ii) The Igdlerfigssalik (1750 m, ) and the group of

" peaks at the head of Igaliko Fjord.
(111) I1{maussaq (1390 m. ) and the adjoining High

Plateau, much of which is over 1100 m.

Much of the Ilfhaussaq Peninsula, as far north as
Naujarssuit, rises above 700 m,. To either side, the land
falls steeply to the fjords Sermilik and Tunugdliarfik;
the cliff sbove Sermilik is particularly imposing (Fig. 1.1).
There are several limited plateau areas at 600 - 700 m.,
pPossibly indicating an erosion level. North of Sitdlisit,
the land is much lower, seldom rising above 300 m,. Towards
the northern limit of the ares, thg land rises once again.,

On the south side of Tunugdliarsik there is a steep
coast backed by high land, except in the vicinity of Igalikeo,
In the latter district there is an extensive tract of low

lying ground, north of which the mountains of the Igaliko



Intrusive complex rise rapidly.

Superficially, the topograephy reflects the recent
glaciation of the country. The coasts of the fjords are
the sides of U-valleys. Ice striations are found on
exposed rock surfaces, There can be no quesfion but that
the movement of the ice was largely controlled by the
geology. The glaciers tended to follow pre-existing 50°
linears and it seems probable that the fjords are situated
on important faults or crush-zones. Soundings in Sermilik
show depths in excess of 300 fathoms far up the fjord while
Tunugdliarfik has a depth of 100-200 fathoms as far north
as Majlt (Weidick, 1963).

The Ilfﬁaussaq and Igaliko intrusive complexes proved
resistant to erosion. In the latter part of the glacia-

tion, at least, they probably formed nunataks for long

periods.

Exposure and Conditions.

Field investigation has been hampered to some extent
by acute relief, superficial deposits end vegetat_ion.
Many of the fjords and valley sides are sheer and inaccess-
ible. Scree and glacial deposits mask many lower slopes
and much of the lower ground. Low herbage and birch and
willow scrub grow almost everywhere up to gbout 500 m.
(the name Skovfjord means Wodd or Forest Fjord), and may
rersist tenaclously on steep slopes.

The higher fjeld areas such as the tops of Nunasarnaq



\|

and Nunasarnaussaqg are devoid of vegetation and well exposed.
The High Plateau of the Ilfﬁaussaq Peninsula, is a barren,
rocky wilderness. Small glaciers and snowfields persist
there,

Where exposure is of particular relevance to the
geological account, further details are given in the text.
| During the summer season, which is roughly from the
end of May to the middle of September, working conditions
are usually very agreeable. Heavy rainfall is the chief

disadvantage, persisting sometimes for weeks on end.,

Several times each suﬁmer violent £8hn winds are experienced.
As a rule, temperature rarely falls below freezing, nor is
there any precipitation of snow below about 600 m. during
the summer. The hours of sunshine pfobably exceed those

in western Europe at the same latitude.

Most of the field mapping was recorded on 1:20,000
map sheets; the Narssaq area was mapped on a scale of
1:10, 000, The topographic maps available have been
Prepared from aerial photographs with ground control and
are of reagonable accuracy. They are contoured at inter-
vals of 20 m, or 26 m.. Aerial photographs of various

scales were used at times to supplement the maps.

Earlier Workers.

The mineralogist K, L. Giesecke visited the area in
1806 and 1809 (Giesecke's diary, published 1910), He
described the red sandstone of Igaliko, but, like most of

the later workers, his interests lay mainly with the



plutonic nepheline syenite rocks and their unﬁsual suite
of minerals. Later in the century C. Pingel visited
Igaliko and published a description of the red sandstone
and porphyry dikes in that vieinity (Pingel, 1843),

Between 1876 and 1899 K. J. V. Steenstrup made a number
of expeditions to the area, resulting in a topographiecal
and geological sketch map and a preliminary account of the
main aspects of the geology. He describes th_e principal
occurrences of Gardar continental strata and gives a rough
outline of the distribution of the sedimenté and volcanics
(Steenstrup, 1881; Steenstrup and Kornerup, 188l; Steenstrup,
1909),

The area is best known frem the work of N. V. Ussing,
whose account of the Ilfﬁaussaq nepheline syénite.intrusive
complex is a classic of petrology (Ussing, 1912). Ussing
was mainly concerned with the younger, intrusive alkaline
rocks and his observations on the stratigraphy of the
sediments and volcanics show little advance on theose of
ISteenstrup. Ussing's account includes a petrographical
description of a number of the principal lava types; the
material was collected close to the margin of the intrusive
complex, however, and is strongly altered. In particular,
the analyses of volcanic rocks provided are those of contact-
altered varieties; this fact is insufficiently str_essed
in the 1912 paper.

C. E., Wegmann paid a brief visit to the area in 1936,
He distinguished the main lithological divisions of the

Gardar continental sequence and related these to a regional
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tectonic picture. He also observed some of the diatremes
of the inner reaches of Tunugdliarfik (Wegmann, 1938).

The works of Steenstrup, Ussing and Wegmenn are the
only significant contributions to the geology of thee _

Gardar Continental Series up to the present time.

Regional Setting and Age.

The oldest rocks of the region under consideration
are the granites and gneisses known collectiv_ely as
‘Julianehasb Grenite (cf. Ussing, 1912, Wegmann, 1938).
This syn ktnematic basement granite extends westward frqm
the Julianehaab area to Kobberminebugten, & distance of
over 100 km,. Absolute age-dating of material from the
vicinity of Julianehaab gave ages of 1590 + 70 m y. and
15697 ﬁLy. by the rubidiﬁm—strontium and potassium-argon
methods, respectively (Moorbath, Webster and Morgan, 1960).
The age of the latest mobilisation of the basement rocks,
in this 1océlity at least, is thus fixed.

In the Ilfhaussaq region, the Basement is generally
free from enclaves of earlier formations, Intrusive

rocks older than the Gardar Continental Series appear to

be absent in the .areas investigated. The Basement granite .

1s overlain by sediments and voleanies of the Gardar
ContinentaI-Series. Subsequently, these strata were
intruded by thick sills of olivine gabbro, succeeded by
swarms of basic "Big Fgldspar" dikes and aphyric and porph-
yritic dikes of éyenitic composition. Virtually all of"

the dikes on the Ilfmaussaq Pe_ninsula strike between 50 °

11
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; and éO°.

| On the Ilfﬁaussaq Peninsula, the period of dike
intrusion was followed by the emplacement of the Ilfhaussaq
and Nerssaqg intrusive alkaline complexes, Recent a&bsolute
age-dating on polylithionite from the Ilfmaussaq Intrusive

Complex yielded the following results:

Rb/Sr method: 1095 + 24 m.y., 1077 + 24 m.y., 1086 + 20m, y

| K/A method: 1180 m.y. (Moorbath, Webster and Morgan,l960),

The Gardar rocks of the area are thus of Pre-Canbrian
age and the formation of the Gardar Conitinental Series is
fixed between 1660 m.y. and 1053 m.y. (taking the extreme
values from the above results).

A long period of time must have elapsed between the
latest mobilisation of the Julianehaab Granite and the
earliest Gardar Sedimentation,.and the surface on which
the basal beds were deposited was deeply eroded. It seems
probable that the earliest Gardar Sediments and volcanics
are considerably younger than 1660 m,y. and their ag.e is
brobably nearer to that of the Ilfmaussaq Intrusive Complex.

The age of the Igaliko Intrusive Complex is not yet
certainly fixed with relation to the dike swarms of the
Ilfﬁaussaq Peninsula, but it has intrusive contacts againsp
the Gardar strata.

Other alkaline intrusive complexes in South Greenland,:n
believed to be of Gardar age are shown in Fig, b. The
Kdgn#t Complex (Upton, 1960) and the Nunarssuit Complex

(Harry and Emeleus, 1963) have been assigned the following

12
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ages:

KQgnft: 1240 + 150 m.y. (Rb/Sr method - Meorbath et al.,
1960).
Nunarssuit: 1150 + 30 m.y. (Rb/Sr method - Harry and
Emeleus, 1963).
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Main Areas of Gardar Strata.

/‘ilimaussaq - Maﬁﬁ% Area

(150 sq. km, ).
Ilimaussaq
< Narssaq Area (30 sg. lkm. ).
Peninsula
Qagssiarssuk - Tasinsaq
K_Area (85 sq. km. ).
"Nunasarnaussaq Area
(9 sq. km. ).
South of
Igaliko Area (50 sq. km, ).
Tunugdliarfik

Narssarssuaq Area

(5 sq. xm. ).
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CHAPTER I. THE ILIMAUSSAQ - MAJUT ARREA.

(a) GEOLOGY

General

About 150 square kilometres of Gardar continental sediments
and volcanics outcrop on the large fault block which stretches
south-west from Nﬁgérssuk to the Il{maussaq Nepheline Syenité
Intrusion. This is the greatest single area of Gardar strata
known to exist. An almost complete sequence through the Series
ls exposed, with a total true thickness of ca. 3 km.

The north-eastern part of the area, comprising the 600 m,
plateau of Naujérssuit and the lower country to the'north, was
mapped by V. Poﬁlsen in 1958 and 1959, special attention being
praid to the sedimentary rocks. The volcaenic intercalations
were examined and the remainder of the area mapped by the author
in 1959; the high plateau between Ilfhaussaq and Nasanguaq was

revisited in 1962,

Notes on Relief, Glaciation and Vegetation.

The relief of the area can be widely rclated to the
stratified nature of the rocks and the regional tectonic
bPattern, modified by glacial action. Important glaciers
exploiting fault zones have cut out deep, parallel U;shaped
valleys now occupied by Sermalik and Tunugdliarfik (fjords).

The U-valley of Tunuarmiut was the site of'a distributary glacier.

17



The glaciation has been so recent that the sides of these valleys
are still generally very steep or precipitous; for & distance of
about 15 km, between Ilfmaussaq and Kangerdluaq, thé slope above
Sermilik is sheer and inaccessible (Fig. 1.1). Extensive dip-
slope areas with subdued relief, studded with lakes, contrast
with prominent scarps. The high sandstone scarp on the north
side of Naujerssuit (Fig. 1.6) is certainly due to the resistant
nature of the quartzite-like rock, while the Ilfhaussaq Volcanic
Unit, a thick, uninterrupted sequence of extrusives, is almost
everywhere bounded by a steep cliff (Fig. 1.13). On a less
imposing scale, but none the less notable, there is the regular,
terraced landscape of the Musartit Unit, where moré resistant
volcanic layers alternating with softer sediments rise in ;
series of steps to the base of the Naujarssuit scarp at 400 m,
(Pigs. 1.2 and 1.6).

Much of the lower ground is covered with thin soil of
glacial derivation supporting a growth of low herbage, birch and
willow scrub which manages to persist on all but the steepest
slopes up to.about 600m.. On the Musartilt terraces and the low
land to the north, and in the basin of the river complex which
flows into Tunuarmiut, the vegetation is a serious hindrance to
field observation and actually impedes movement. In the volcanic
country on top of Nunasarnaq and stretching from above the north-
west side of Tunuarmiut towards the edge of the High Plateau,
there is but thin soil cover outside the river valleys and
vegetation is sparse. The spurs and corrieé on the fringe of

the High Plateau are mainly of bare rock. The Plateau itself

is a barren, rocky wilderness (Fig., 1.13). The amount of snow
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which persists throughout the summer fluctuates widely. from

year to year, but certain areas of several thousands of sqﬁare
metres must be regarded as permanent snow-fields. Most of the
country above 1200m. is covered by angular rock fragments to a
depth of a metre or more. As a rule, the fragments have not
been transported far from their parent rocks; thus, the course

of red, alkaline dikes, well exposed on the cliffs below, can be
traced across the plateau as linear zones of red fragments,
occasionally deviating a little downhill where the slope steepens
across the strike.

The high plateau forms a kind of glacial "interfluve" whence
tributary glaciers flowed alternately north-west and south-east.
On the Sermilik side, in particular, there is a wonderful
succession of hanging valleys, some of which still contain small

corrie glaciers.

Method of Investigation

In view of the size of fhe area, it was realised at an early
stage in the field investigation that it would be impossible to
visit all outcrops; moreover, a very sizeable area is automatically
excluded due to inaccessibility. Systematic mapping, therefore,
was generally limited to the recording of boundaries between the
principal rock types, in particular between sedimentary, effusive
and intrusive rocks. Measured sections were taken at various
localities where a thick succession was reasonably well exposed
on a steep but accessible slope, Variations in rock type were

noted and samples taken, while the altitﬁde was recorded from



a surveying altimeter. Measured sections are best taken in the
strike direction on a steep slope; the orientation ensures that
the recorded thicknesses of the beds will not be affected by
surface relief. In the present investigation, measuréd sections
have of necessity been taken where conditions were less than ideal.
The consequences will be apparent on comparing the Musartﬁt
Section (Table 1l.2), taken almost parallel to the strike, with

the relévant part of the 8itdlisit - Naujarssuit Traverse (Table
1.1), almost at right angles. Both sections are in the same

stratigraphical Unit and end at the same location.

Lithology and Stratigraphy of the Gardar Continental Series.

The Gardar Continental Series, as developed on this part of
the Ilfhaussaq Peninsula, is readily subdivided into a number of
stratigraphical units, each with special lithological character-

istics and each representing a space of geological time during

which particular conditions prevailed. The following units are
distinguished:

TOP
6. Ilimaussaq Volcanic Unit Extrusive olivine basalt,

followed by alkal_ine extrusives.

1030 m.

5. Nunasarnaq Sandstone Unit Sandstone with loc_al thin flows.

350 m.

20



4, Ipiutaq Volcanic Unit Mainly extrusive olivine basalt,

160 m,

% Naujarssuit Sandstone Unit Almost wholly of sandstone.

420 m,

2. Musartﬁt Unit Rapidly alternating seque_nce of
sedimentary and volcaniec layers.

745 m,

1. Majit Sandstone Unit Arkosic basal beds, fo_llowed by

sandstone, 390 m,

Throughout the area, the dip of the strata is generallyaless
than 10°; accordingly, the difference between apparent thickness
and true thickness is very small, (where the dip is 10°, true
thickness = apparent thickness x O, 9848). The thicknesses given
above are approximate, apparent thicknesses encountered in the
type area for each Unit.

The type areas of the various Units follow one another down-

dip along the Peninsules and, considered strictly, thicknesses only

apply to the type areas where they were measured. For e_xample,
L IR ) -

the type areas of the Majut Sandstone Unit and the Ilimaussaq

Volcanic Unit are about 17 km, apart; it is improbable the Mﬁjﬁt

Unit will have the éame thickness under the Summit Platesu and
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at Sitdlisit.

The sum of the.thicknesses of the Units is 3085 m.. This
figure cannot be considered as more. than an indication of the
total thickness of strata remaining below the Summit Plateau;
however, the regulaer stratification of the Series, which can be
seen along the steep fjord wall above Sermilik, (Fig. 1.1)
suggests the Series is not subject to extreme wvariation in the

E.N,E. - W,5.W. direction.

Several of the names applied to these Units have.been used
by Wegmann (1938). The localities are somewhat confused in the
earlier work and the present stratigraphic subdivision and
nomenclature have been established independently by the author

in consultation with V. Poulsen,

1, THE MAJOT SANDSTONE UNIT.

At the small peninsula Méjﬁt, the basement granite is over-
lain to the south by basal conglomerate and arkose which pass up
into bedded, red sandstone (Fig., 1.2). The inclination of the
bedding is not very well known as recordings of dip are rather
rare and sometimes conflicting. Overall, there appears to be a
low dip toward the south. Most‘or all of tﬁe Mﬁjﬁt Unit sand-
stone has been water-laid; cross-bedding and ripplee mafks are
common and sun-cracks and other structures indicating per iodié
emergence are fairly common, In the upper part of the Unit, a

few hundred metres north of Sitdlisit, a layer of finely banded






green and purple siltstone, about 10 cm. thick, occurs inter-
bedded with the normel red sandstone. This very fine grained
rock appears to be indurated and is resistant to weathering.

About one and a half kilometres south-west of Mﬁjﬁt, at
Sitdlisit, a dark, steep topographical feature rises abruptly
above the sandstone and can be seen trending westward across
country (Fig., 1.2). The base of this feature (formed by a
basalt sill) coincides approximately with the upper lim.it of the
MA30t Sandstone Unit. Exposure of the rocks of the Unit, away
from the coastal sections, is exceedingly poor. The country
immediately north of the Sitdlisit scarp is virtually devoid sf
exposure and knowledge of the lithology of the top 50 m. of the
Unit is derived almost exclusively from a cliff sect ion at
Sitdlisit.

The Sitdlisit cliff section (Fig., 1.3) is perféc_mly exposed
but exceedingly steep and lacally overhanging. The la_wer part
of the section is the classic locality for the "Igaliko Sandstone,
(Fig., 1.4), a well cleaved red sandstone with white spots and
streaks which has excited the interest of visitors for some two
centuries (Steenstrup, 1909; Wegmann, 1933). The beds which
.overlie the sandstone are in accessible for sampling; observati_ons
and photographs have been taken standing on fallen blocks which
lie in the water at the foot of the cliff, and from the fjord.

The uppermost two metres of the sandstone is very dark red
and unspotted, Above this, there is a conglomerate bed, the
basal facies of the succeeding Unit,

Poulsen (1959) estimates the average thickness of the Basal

Unit as 390 m. He remarks that an angular unconformity may



4

separate the Mﬁjﬁ% and Musartilt Units, as the general strike

directions of the two Units are rather different.

2, THE MUSARTUT UNIT.

The lowest part of this Unit outcrops on the Sitdlisit
section. The "conglomerate" which contains some thin inter-
calations of finer material is about 10 m, thick. (Inverted
commas are used where it is suspected that the conglomerate is
not of normal. sedimentary deposition; see below. ) The section
is capped by a sheet of black, colummar basalt.

At the eastern end of the section, there is an irregular
body of volcanic breccia. This is presumably the exposure
referred to by Wegmann ---- "At Musartit the edge of an explosion
tube is still to be seen" (Wegmann, 1938, p. 67). The breccia
has a discordant, eruptive lower contact towards the uppermost
sandstone layer of the MAjdt Unit. The upper contact is strongly
transgressive and, although an upper limit to the body ecannot
cleaply be distinguished, the breccia extends at least to the
base of the "conglomerate', The breccia éonsists of flaggy
blocks of sandstone up to half a metre in length, fogether with
some well-rounded blocks of a dark, igneous rock, up.to 30 cm,
in diameter, set in a rather fine-grained purple matrix. The
volcanic blocks are subject to spheroidal exfoliatiomn,

The lithology of the conglomerate appears to be somewhat
variable, both horizontally and vertically. Above the fallen

blocks a lower, finer variety of "conglomerate" is separated
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from the main layer by an intercalation of fine; stratified
material. The pebbles and cobbles of the upper part are quite
angular here, but elsewhere they may show much better rounding.
The fallen hlocks below the cliff are of cuolumnar basalt and the
immediately underlying "conglomerate"; the volcanic b_reccia is
represented in these blscks (nor is it anywhere accessible for
sampling). Fig. 1.5 is a photograph of the face of such a block.
It contains sandstone cobbles which are mostly well rounded but
of comparatively low sphericity. There are also smaller, well—
rounded igneous "pebbles" and occasional coarse, anhedral grains
of iron ore. (The term "pebbles' is inserted in inverted commas
to emphasise the possibility that.these rounded igneous fragments
do not owe their rounding to sedimentary processes). The sand-
stone cobbles are enveloped in a thin coating of iron oxide, and
many show a concentric colour-banding. These phenomena may be
related to thermal metamorphism by the overlying basaltic sill,
for sandstone blocks in the volcanic breccia, occurring lower on
the section, shows no such effects. The matrix of the "conglom-
erate" is somewhat varisble from place to place; in general, it
has a rugged, sometimes slaggy appearance and is dark brown to
deep purple in colour. It consists of both rounded and angular
grains, mostly between 1 mm., and 3 mm in diameter. Most of

the grains appear to be of igneous material, heavily impregnated
with iron oxide; there are also numerous grains of quartz angd,
locally, concentrations of grains of anhedral iron ore 1 - 2 mm.
in diameter, The mesostasis, (which is not readily visible,

in view of the close packing of the grains) is of carbonate,

which weathers to a buff colour. Numerous tiny veins of caleite,
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gome white, some bright red, intersect the matrix irregularly

in places. Superficially, at least, the "conglomerate" and

the breccia seem to be formed of similar material; however, the
fragments of the "conglomerate" show a higher degree of sphericity
and rounding, and size—sorting-is much better, On the grassy
slope west of the cliff section, a sheet of grey monchiquite

1 - 2 m thick is exposed, intruded into conglomerate.

'The rocks which underlie the basaltic sill are not exposed
for sbout 500 m. west of Sitdlisit, then, in a river cleft
controlled by a weathered-out dike, a rather good section is seen.
Because of the steep relief only the lower part of the section is
accessible to relatively cloée ingpection. Here, intrusive
volcanic brecciza 1s exposed with an eruptive, brecciated contact
against sandstone, The sandstone at the contact has a glassy
appearance and detached fragments of sandstone within the breccia
have ‘dark, glassy-looking margins. The breccia is penetrated by
a sheet of columnar basalt 5 - 6 m. thick, whieh is probably an
apophysis of the main sill which caps the section, Volcanic
breccia is occasionally seen between the basaltic sill and the
underlying sandstone for some hundreds of metres to the west;
beyond, it gives way to conglomerate, apnarently a normal,
sedimentary variety, free from inclusions of igneous rock, This
bed is 10 m. thick and its upper part is strongly metamorphosed.
Continuing westward, the conglomerate can be seen below the sill
in a number of exposures for nearly 2 km.. Thereafter, the sill
lies directly on sandstone and the conglomerate is suppressed,
though whether this is due to downward transgression of the sill

)or lateral impersistence of the conglomerate is not known.
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The volcanic breccia at Sitdlisit has much in common with
the intfusive volcanic breccia found in pipes and sheet-intrusions
in the country around Qagssiarssuk (Chapter V), wheré well-rounded
inclusions of lamprophyre and angular fragments of country rock
occur together in a tuffisite matrix. At Sitdlisit, the volecanic
breccia is believed to be a sheet-like intrusion. The contacts
are intrusive and, since the layer persists intermittently for
nearly a kilometre at the same stratigraphical horizon, it can
hardly be the edge of an "explosion tube',

The "conglomerate" possesses a number of features which
suggest tﬁat an original sedimentary conglomerate horigzon has
been invaded by the tuffisite matrix of the breccia and partly
incorporated in it. (cf. Gates, 1959, p. 799). The volcenic
breccia may pass up moré or less gradationally to “conglomerate";
this could not be verified, Adudé to the steepness of the section,
however, the similarity of the components. of both rocks is
noticeable and large angular blocks occur high in the "conglomer-
ate" (see Fig. 1.5). . Many of the larger sandstone inclusions
in tﬁe upper part of the "eonglomerate" (Fig. 1.5) show poorer
rounding and lower sphericity than is usual in the conglomerates
of the Musartit Unit (cf. Fig. 1l.8) and some may owe their
rounding to attrition by volcanic, rather than sedimentary,
Processes. Primary sedimentary inclusions also occur; these
include very well rounded pebbles of quartz with high sphericity.
(The significance of quartz pebbles as indicators of the presence
of original conglomeratic material, as distinct from "pebbles"

which owe their rounding to volcanic processes, is discussed in
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Chapter IV, West of Sitdlisit, the volcanic breccia appears to
pass laterally into a normel conglomerate, free of volcanic
inclusions. .
The following observations link the "conglomerate" of
Sitdlisit with the ultramafic/carbonatite vulcanism which is

well évinced at Qagssiarssuk (Chapter V):

(1) The intrusion of a sheet of monchiquite into the

"conglomerate".

(ii) The occurrence of volcanic (presumably lamprophyric

inclusions in the "conglomerate'.

(1ii) The coarse grains of magnetite in the matrix and the
carbonate base ~--~ these are characteristic of
the tuffisite filling of many of the diatremes near
Qagssiarssuk and of certain of t_he pyroclastics

in that area,

Reynolds (1954) discusses the industrial process known as
"fluidization" and suggests that it may have been active as a
geological précess in the formation and emplacement of intrusive
volcanic breccias and tuffisites. Of late years the principle
has been advanced freguently as a possible mechanism involved
in the formation of various volcaniclastic intrusions. This
is particularly true of recent accounts of carbonatite complexes,
e.g. Chilwa (Garson & Campbell Smith, 1958), Tundulu (Garson,
1962) and especially Rufunsu {Bailey, 1960). The prominence

of the volatile fluid phase associated with carbonatites would
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seem to favour the development of a fluidized system,
In the présent case, the fluidization process seems to off_er

a mechanism which would account for:

(1) The abnormal combination offsedimentary conglomefate

pebbles and a matrix of volcanic microbreccia.

(ii) The thorough mixing of volcanic and sedipentary

inclusions in the "conglomerate'.

(iii) The absence of detrital volcanic material in the

overlying parttof the Musartit succession.

Table 1,1

Traverse actésgs the Musartﬁt Unit from Sitdlisit to

Wauijarssuit on a 559 bearing

TOP
Metres
4.20-568 White quartzite. A weathered-out, soft, shaly red
bed 1 - 2 m, thick occurs at the base.
340-420 Well beddéd? red sandstone.
532~340 Basalt, A few metres of scoriae mixed with

sandstone occurs at the base.

318-232 Red sandstone.

Y
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306318

304-3086

304304

296-304

270-~-296

265-270

256-265

244-256

230-262~-244

186-230
152-186
106-1562

90-106

86- 90
74- 86

60~ 74

Olivine basalt containing effusive-type structures.

Very coarse conglomerate with cobbles 10 - 15 cms. in

diameter, ékclusively of sandstone or quartzite.

Thin bed of basalt (Note anomalous thickness due to

surface relief).

Well bedded, red, sandy, tuff ("tilestone").
Strongly weathered, coarse, red syenitic rock.
White sandstone.

Basalt with effusive~type structures.

Fine conglomerate with quartz and sandstone pebbles,

passing up into sandstone.

Basalt with effusive-type structures (note surface

relief).

Red and cream sandstone,
Fine-grained dark basalt (sill 4).
Red sandstone,

Fine-grained black basalt with columnar Jjointing

(sil1 2).
Not exposed.
Red sandstone with several conglomerate horizons.

Fine-grained black basalt with columnar jointing (sill

1)



52- 60 Me tamorphosed conglomerate,

50- B2 8ill or flow of grey monchiquite, altered and
weathered.

45~ 50 Poor exposure and accessibility. Red and yellow

Igaliko sandstone is overlain by thermally meta-

morphosed conglomerate,
10- 40 Not exposed,

0= 10 Red sandstone,

BASE

While this traverse serves to illustrate the nature of the
strata comprising the MusartQt Unit and gives the order of
succession, it is of no use as a standard section. The line of
traverse departs considerably from the strike direction and,
since the ground slopes rather gently, with occasional dips and
hollows, the thickness of a bed may differ widely from the
difference in altitude of the top and base of the bed; e.g., the
basalt layer with top and base outcropping at 304 m, is actually
several metres thick, Because of rather poor exposure several
beds were:missed and very few contacts between layers were seen,

Discrimination between flows and sills was mainly done
along the shore section, where exposure is quite good.

Considerations of relief and exposure make it impractical

to take a measured section in the strike direction in the lower






part of the Unit.

A measured section was taken on the slope

above Musartlt on a 110° bearing.

~ Metres

420-545

310-420

2956310

268--295

258-268

230-2568

212-230

Table 1.2

Musartﬁt Measured Section

TOP

Pale, banded quartzite-like sandstone. There is a

soft, red shaly bed at the base, 1 - 2 m thick.
Very well bedded sandstone in layers 1 - 2 cm., thick,
Poorly exposed, grey, medium-grained olivine basalt.
A few outcrops of dark red "tilestone'.

Unexposed, save for a single outcrop of a trachytic

dike,

Very poor exposure. At the base, a few metres of

basalt are exposed. A trachyte dike, 8trike 85°,
bPerhaps accompanied by faulting, crosses the basalt

outcrop. There is a small outcrop of basalt at 254m,

Sandstone, with a conglomerate band, Crogsed by a

70° trachyte dike, perhaps accompanied by faulting.

A few exposures of olivine begalt.
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165-183 Fine, dark red, well bedded "tilestone", crossed by

a narrow mylonite zone, strike 55°,

135-165 Red, trachytic dike, ca. 25 m. thick, strike ca. 759,
accompanied by faulting with downthrow to the south-

east.

130-135 Dark red, bedded "tilestone" containing large quartz

grains,

110-130 Conglomerate of large pebbles and cobbles, well

rounded, all of sedimentary material. Upper part

scarcely exposed,

88-110 Red syenite sill,

82~ 88 Quartzite, poorly exposed,

17~ 82 Basalt, similar to that of the layer below.

5~ 17 Red sandstone with fine conglomerate.
| 0O- b Effusive basalt --- the top of a layer about 35m. thick.
BASE

Some of the difficulties encountered in preparing an
accurate description of the Musartut Unit will be evident from
the above section, L5Ea11y, exposure is so poor that most of
the boundaries have to be inferred by obervation of topographic
features; thus, thicknesses allocated to certain layers may be

far from correct. The possibility of errors introduced by




faulting also arises. There 1s certainly some repetition caused

by a fault accompanying the 25 m, trachyte dike. The southern

downthrow is between 10 and 25 m. The effect of this fault can
be seen rather well from the fjord. Other faults of unknown

magnitude may further confuse the section,

A considerable amount of information about the nature of

individual layers in the Unit was obtained from the doastal section

for about three and a half kilometres south-west of Sitdlisit.
Further to the south-west scree-fans, developed below the
Naujerssuit cliff, effectively obscure most of the coastal
exposure,

A thin sill, not recorded in the inland exposures, outcrops
on the shore about 700 m, south-west of Sitdlisit. It is about
6 - 8 m thick and makes 2z total of four basaltic sills underlying
the lowest effusive horizon of the Unit. The rock type of the
sills is a fine-grained, dense, dark basalt and is of rather
constant appearance except that it may become slightly vesicular
toward the upper contacts. The upper contacts of the first,
third and fourth sills are éxposed and are demonstrably intrusive,
The three thicker sills are usually columnar and the columns of
the second sill have a peculiar splayed appearance toward the
upper surface. Since columms tend to develop normal to the
bounding surface, it would seem that the upper surface in this
case was far from flat, i.e. the upper surface was more likely
intrusive than extrusive. Besides the lithological similarity
of all the four sheets, contrasting markedly with the paler,

coarser, less compact nature of the known extrusives, there is
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a gone of haematite staining a metre or two thick in the sandstone
immediately ebove each of the sheets, followed by an even greater
thickness of bleached sandstone (Fig. 1.6). These pale sandstone
bands, which are conspicuous from the fjord, only occur &djacent
to intrusive rocks, viz. sills and dikes.

The two thick flows which outcrop on the raised heach at
Musartut are of purple, grey or green olivine basalt and show
numerous signs of effusive origin, The layers, which are each
of the order of 50 m., thick, . are built up of a series of thin lava
streams or flow-units, some less than a metre thick. Distingtion
of flows and flow-units is based on criteria listed by R. L.
Nichols (1936).

The conglomerate band which separates the two thick flows
contains e few pebbles of basalt. This is the lowest horizon
at which detrital basaltic material has been recorded, in spite
of diligent search. Some basalt pebbles have also been observed
in the thin sedimentary band which succeeds the Musartiit flows.

The éyenite layer is a deep r_ed or nurple rock of remerkably
even texture, which weathers readily. It is principally made up

of euhedral tablets of orthoclase about 6 mm, long, which show
no signs of preferred orientation. The upper contact is well
exposed where the overlying conglomerate forms a small headland
(Fig. 1.8). The uppermost few metres of the syenite have a
peculiar banded appearance and from even =z few metres' distance
may be migtaken for sandstone. Examination of the conta_ct
reveals no evidence of intrusion and it looks as if the conglom-~
erate has been deposited on a syenite floor, There are no signs

of metamorphism or assimilation of the conglomerate and .the
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shows no sign of chilling. However, Poulsen reports that furtther

inland the syenite can be seen to transgress into the conglomerate,

"Halfway across the Peninsula, the sill is 3 - 5 m, thick, As
it thins, grein size decreases. Here and there coarse-grained
lumps of syenite can be seen embedded in the finer matrix. On

the Sermilik side of the Peninsula, it is only 2 m. thick and
suddenly transgresses into the overlying conglomerate where it is
very incoﬁspicuous as it resembles the sandstone matrix in colour
and texture; also, it picks up xenoliths of quartzite and sand-
stone“. (V; Poulsen, 1959). A point worthy of note is that no
pebbles of.syenite, nor indeed of any volcanic rock, could be
found in the conglomerate.

The natrix of the conglomerate,; where exposed on
Tunugdliarfik shore, alternates between coarse sandstone and a
fine red sedime_nt apparently the same as the succeeding "tilestone'.

The "tilestone™ is a deen roed to chocolate-coloured, hard,
bedded sediment. It iS'éomposed of fine tuff with a variablé
admixture cf sand and indurated with a carbonate cement. A
peculiar, cavernous weathering, ﬁrobably related to the carbonate
content, is developed in bands parallel to the stratification.
Higher up, "tilestone" alternates with medium-gr_ained sandstone
in layers 1 - 2 cm, thick, These sediments are followed by an
effusive basalt of which only a few metres' thickness is exposed.

Rocks of the Musartﬁt Unit are not exposed at the coast
beyond this point. The nature of the succeeding beds is not
very accurately known and the evidence of the Sitdlisit-
Naujarssuit Traverse (Table 1.1) and the Musart® Section (Table

1.2) is somewhat coriflicting. Poulsen's mapping, based on
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excellent aerial photographs, shows two basalt layers, th_e
lower 20 m¢ and the upper 30 m. thick, approximately. Though
addiﬁional; minor volcanic layers may be developéd locally, the
map ms.belie#ed effectively to represent the general case.

The map also shows that all the main stratigraphical layers
persist fight across the Peninsula without any notableechange in
thickness-or displacement by faulting; Pdulsen (1959) remarks on
a general tendency for the sedimenfary strata gradually to- increase
in thickness westwards, and for the volcanic horizons to thin- out
in the same directioﬁ. The general strike of the Unit is 100°
with a dip of 10° to the south. Thickness is calculated to be

745 m, on the southern side of the Peninsula.

9. NAUJARSSUIT SANDSTONE UNIT.

A thick sequence of almost uninterrupted sandstone forms a
towering cliff above Tunugdliarfik from about 2 km, south-west
of Musartlt almost to Ipiutaq. The Unit is subdivided into a
lower red sandstone division and an upper white sandstone
division, The lower division is of a rather soft, red sandstone,
while the upper is of a hard, white, quartzité—like rock, The
resistance of the latter rock to erosion is responsible for the
prominent Naujarssuit scarp. A thin, red, shaly bed which
separates the two divisions may be a very fine tuff, It resembles
certain haematite stained celcareous tuffs in the Qagssiarssuk
Area, A basalt layer, ca., 16 m, thick, is exposed on the shore
where scree is briefly absent, 4 km, south-west of Musartiit.

It is probably intercalated at the same horizon as the red,
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shaly bed. It is not known whether the basalt is intrusive or
extrusive. Poulsen has recorded another thin basalt sheet less
than 100 m, below the top of the Unit, which outcrops at the
shore.

Poulsen (pers. Comm. ) thinks it probable that much or all
of the sandstone of this Unit has been water laid. No conglom-
erate horizons have been observed.

The total apparent thickness of the Unit cannot anywhere be
determined by measurement of a single section.  The apparent
thickness of the lower division is known to be 110 m. from the
Musartit Section. If the basalt intercalation 1s indeed at the
same horizon as the red, shaly bed, strike-line eonstruction
shows the upper division to have an apparent thickness of 3256 m..
The total apparent thickness of the Unit at the Tunugdliarfik
side of the Peninéula is then about 435 ﬁ.. Apparent thickness
of the whole Unit in the central part of the Peninsula, found by
strike lines, is 420 m.. The base of the Unit strikes

approximately east-west and dips south at ca. 10°,

4, TPIUTAQ VOLCANIC UNIT.

This predominantly effusive group outcrops in a kilometre-
broad band stretching from the southérn'shore of Nunasarnaq north,
via Tunuarmiut to Sermilik and thence along Sermilik coast to a
point under Ilfmaussaq. It also covers a sizeable area on the
south-west facing dip slope south of Naujarssuit.

The dbminant rock type is a grey or purple weathering

olivine Dbasalt, One variety is aphyric, the other contains



stellate clusters of thin, white, laminar plagioqlase phenocrysts.
The name "star basalt", applied to the rock in the field, has
been retained for general use. The rock is very distinctive in
appearance and the stellate structures are still discernible
after very heavy metamorphism.

The Unit has been built up of a succession of flows extruded
in rapid succession in a sandy desert environment. Flow struc-
tures, including oxidised, corded surfaces and slaggy,
scoriaceous tops are frequently seen. Cavities in the
scoriaceous flow tops are often filled with windblown sand, a
characteristic of many of the Permian lavas of Great Britain
(e.g., Eyles, Simpson & MacGregor, 1949), Thin, sporadic inter-
calations of sandstone occur between flows and flow-units.
Occasionally the sandstone is filled with detached scoriaceous
blocks of lava which may méke up as much as ﬁalf of the rock,
While such intimate mixtures of sénd and scoriae are usually
recorded directly above a visible flow, occasionally reaching
a8 thickness of several metres, they sometimes occur isolated
within a sandstone sequence. In such a case it may be assumed
that lava fragments have fallen or been transported beyond the
margin of some adjacent flow,

A few sandstone "dikes" have been seen, structures up to a
metre in breadth, developed where fissures in the lava surface
have filled with sand (Fig. 1.9). Sandstone crack-fillings
are a related structure, much more frequently developed,

Narrow cracks, usually less than a centimetre wide and nearly
vertical, penetrate many of the flows to a depth of several

metres and have likewise been filléd with sand. The cracks





http://R0ul.Sk

may be tension cracks formed during cooling of the lava.

A measured section was taken up the side of Nunasarnaq in
a due west direction, commencing.from a point on the shore
immedistely west of the northernmost part of the Qegertat
islands, The section commences at a stratigraphical level
about 50 m, above the base of the Unit, The underlying rock
is star basalt, amygdaloidal, with occasional large, carbonate

filled vesicles.

Table 1.3

Nunasarnaq Measured Section.

Metres

538-680 Basalts of the Ilfmaussaq Volcanic Unit, mostly
"star" basalt., At a point near the base of this
Unit, the line of section was abandoned and a
traverse taken along the summit ridge of the mountain
to the 680 m. highest point. The lithology of the
basalts is quite constant. Epidote is often seen
filling vesicles. A 60° fault with a throw of 20 m.
to the south~east runs along the crest of Nungsarnaq.
At 630 m. a 4 m layer of pyroclastic material is
exposed in a small, steep outcrop. Fine, bedded

tuff of a bright, brick-red colour is overlain by g
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450-5638

130-450

120-130

110-120

96~110

77~

78—

70~

27~

96

(4

73

70

27

coarser cross—bedded lapilli tuff containing bombs

or blocks of 5asa1t. Another tuff or volcanic g_rit
is exposed at 650 m.. Neither of these clastic beds
appears to persist far laterally; they may be
localised interealations preserved in hollows in the

surface of the underlying lavas.
Cross-bedded sandstone with brick-red colour.

Pale sandstone, quartzite-like, This sandstone
layer and the overlying sandstone layer belong to

the Nunasarnag Sahdstone Unit.

Purple olivine basalt.

Not exposed.

Purple basalt.

No exposure.

Reddish basalt, of finer.grain than the bésalt below.
Well bedded red sandstone, quartzite-like.

Reddish "star" basalt. Contains a pod of basalt
pegmatoid 25 em, ‘thick, ca. 1 m. long. |

Very compact dark basalt. Appearance contrasts
with the more open porous nature of the underlying

and overlying basalts.

BASE
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It is probable that the Unit consists of four major flow_s.'
The 3 m, sandstone horizon which is exposed on the above section
at 70 m. can be traced round the south side of Nunasarnaq to
the coast. Other such major interbasaltic horizons have been
recorded locally. Despite continual fluctuatibn in thickness
and occasional suppression, thay have a persistence which
distinguishes them from the minor sandstone intercalations
between flow-units, and it is apparent that they mark significant
periods during which extrusion has halted. (cf. R. L. Nichols,
1936), The lack of detrital volcanic material suggests that
the interruption has not been sufficiently prolonged for the
development of deep erosion.

Seen in cross-section on the Sermilik coastal cliff below
Nasanguaq, the Unit appears as a thick, dark band of basalt with
lensoid intercalations of pale red sandstone at two principal
levels (Fig. 1). Due to very poor exposure, it has not been
possible to effect correlation of the isolated outerops of inter-
basaltic sandstone horizons.

The base of the Unit strikes 1059 and dips south at 7%0.

5. NUNASARNAQ SANDSTONE UNIT.

The dominantly effusive Ipiutaq Unit is followed by a thick
sandstone sequence, interrupted in the north by a number of
rather localised flows. The Unit outcrops around the louwer
part of Nunasarnaq and again on the north side of Tunuarmiut,
continuing north to Nasanguag and thence along the Sermilik

coastal cliff to Narssaq Field, 17 km., to the south-west, A
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branch of the main ogterop extends up a valley southhof Nasanguag

and two and a half kilometres south-west of Nasanguak a small

inlier appears through the Ilimaussaq Volcanic Unit in the floor
of a deeply cut corrie.

The unbroken succession of sandstone recorded in the
Nunasarnaq measured gection (above), is of strictly local
application; on Nasanguaq, by contrast, three intercalated flows
have been mapped (cf., Fig, 1.11). One of these can be traced
south for ca. 6 km,, As a rule, the flows do not exceed 30 m..
in thickness and they are often very much thinner; the thickness
of an individual flow often fluctuates rapidly from place. to
place. The basalt of these flows is grey or red, usually
aphyric but occasionally bearing sparse, blocky white pheno-
crysts of plagioclase up to ca. 2 cm, long. Mixtures of sand
and scoriae above some of the basalt layers attest to their
effusive origin,

Two thin basalt intercalations outcrop on the shore on the
southern side of Nunasarnaqg. The lower of these has a stepped
lower surféce which follows the cross-bedding in the underlying
sandstone (Fig. 1.12 a). South-east of Nasanguak, the sandstone
shows cross-bedding on an enormous scale; it is probabley dune- )Y/
bedding, While the regional dip is less than 100, some of the
flows show an abrupt ltermination to the west, with the base
inelined at 30°. As in the structure recorded at the coast,
the bases of the flows are parallel to the stratification of
the underlying bedding sets. The trapezoid-shaped area of
basalt on the southern flaak of the 1070 m, hill immediately

east of Nasanguak is about 200 m, long; the highest part is more
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detail of step
on lower surface
of basalt flow
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Nasanguaq

Fig.1l.12. Examples of extrusive basalt banked up againstaw'
dune bedding in sandstone. Above: flow on the south

coast of MNunasarnaq; below: Nasanguaq from the south



than 50 m, ahove the lowest. The base is inclined at an angle
of about 30° and is parallel to the stratification of the under-
lying sandstone. ths outcrop is a relic of the- steep termina-
tion of a flow, possibly an outlier of the basalt layer which
lies ca., 200 m, to the west (Fig. 1.12 b). The effusive

nature of these basalts has been definitely established and

lack of displacement on adjacent geological boundaries shows
that_faﬁlting is absent. The formation of these steep flow
terminations -must therefore date from the extrusion of the lava.
It would appear that lava streams have banked up against the

steep sides of sand dunes.

. The only flow of monchiquite recorded in the entire region
outcrops 1200 m, north of the northernmost extremity of
Tunuermiut at an éltitude of 460 m.. The layer is & m. thick
and hes a well developed mixture of sand .and scoriae at the
upper surface. Lateral extent_has'been proved for 100 m..

The base of the Ilimaussag Volcanic Unit is ca. 150 m., higher.
The: rock is soft and weathers readily with a mauve or greyish
surface, It is seamed with veins of carbonate and irregular
cavities several centimetres across are filled with coarse
carbonate crystals; there are numerous small spherical vesicles,
also carbonate-filled. When freshly broken the rock has a
purple colour, with innumerable red flécks ca, 1 mm. in length.
which are pseudomorphs aflfter olivine'phenocrysts. On close
examination the rock should not:readily be confused with the

olivine basalts.






So far as 1is known, the Nunasarnag Sandstone Unit is ensirely
free from conglomerate and no structure indicative of sub-
agquaeous sedimentation has been recorded.

The use of strike-lines in the country around Nunasarnaq is
inadvisable in view of the presence of known and in.ferred
faults, however inspection indicates that the base of the Unit
strikes roughly east-west and dips south at a low an.gle, Strike
and dip readings 1100/1505 and 1050/508 vere taken on the
stratification in the lowest part of the sandstone near the
shore, Just east of Masanguaq the base of the Unit strikes
110° and dips south at 4°,

The greatest thiclmess of the Unit recorded is 408 m,, from
the Nunasarnaq measured section. Westwards, thickness decreases
and on the coastal cliff below Nasanguag the thickness is ca. 315m, ,
Including three layers of basalt with a combined thickness of
115 m.. n a measured section talken from the Steenstrup-
Ilimaussaq col down to Sermilik, thickness is 290 m,. Of this,

32 m, is basalt, psrt of which is probably intrusive.

Fd
6, _ILIMAUSSAQ VOLCANIC UNIT.

On the extensive cliff exposures around the High Platesu
and Nunasarnaq, the upﬁer surface of the Nunasarnaq Sandstone
Unit appears to be quite regular. The surface strikes between
90° and 1050 and dips south at between 5° and 10°, It is over-
lain by a thick sequence of extrusives in which flow follows flow
in orderly succession for hundreds of metres. Planes between

the flows are emphasised by parallel lines of reddish scree in
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these sections, contrasting with the dark colour of the main lava
pile and emphasising the remarkable regularity of the stratifi-
cation (Fig. 1l.14). It is apparent that gany of the flows are
of considerable lateral extént.

Ussing (1912, p. 84) and Wegmenn (1938, p. 70) state that
intrusive sheets occur in the Unit and imply that they are an
important component of the succession; however, neither author
provides any evidence in support of this conclusion. The
present investigation, based on extensive field observation,
has established that the succession is almost entirely of
extrusives and that intrusive intercalations are virtually absent
in the country east of Il{haussaq.

Wegmann (1938, p. 70) implies that tuffs eand "explosion
products" should be "important guide-horizons in a more detailed
study and mapping". Such, however, is not the case. Pyro-
clastics are of very rare occurrence in the Unit and nowhere do
they form a well~defined, persistent horizon.

West of the Ilfmaussaq Intrusive Complex, the Ilfﬁaussaq
Voleanic Unit has a maximum thickness of ca., 1000 m,, sub-

divided as follows:

0P
(c) Porphyry Division 360 m.
(») Upper Basalt Division 290 m.
(a) Lower Basalt Division 390 m,

BASE
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The lower two Divisions are formed of olivine ba_salt
while the Porphyry Diviéion cohtains porphyritic trachytes and.
porphyritic types.with plagioclase phenocrysts, in addition to
g congsiderable thickness of basalt.

As topographical height and height in the stratigraphical

-successien increase, so outcrop area and the proportion of

accessible exposure decrease; also, the higher parts of the
sequence are only preserved close to the nepheline-syenite
intrusion and consequently are heavily metamorphosed. The
field occurrence of the Porphyry Division illustrates these
interrelated factors well; outcrop is mostly restricted to sheer
cliff-faces and the severely limited accessible exposures mostly
occur on steep, narrdw ridges,'while all of the rocks show the

effects of thermal metamorphism.

Table 1.4

Measured Section from the South-West End of Tunuarmiut

to_the 1035 m. Hill,

This is the only availeble continuous measured section
through fhe greater part of the Ilfmaussaq Volcanic Unit. T _he
line of section is nowheré more than 1 km, from the Ilfhaussaq
Intrusion; at higher levels it is within ca. 300 m. of the
contact.

Examination of the succession above the Platy Basalt

horizon was of a cursory nature, due to adverse weather conditions.
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Metres

860-1035 -

840~ 850

770- 840

760~ 770

680~ 760

598~ 644

436~ 598

426~ 436

5456~ 426

Finé grained, metemorphosed lavas. The highest
rock of the succession is a vesicular, porphyritic
trachyte, Clastic horizons, ca. 1 m, thiek, are

developed at 884 m,, 904 m, and 938 m,.

Fine, blue-black rock with feldspar phenocrysts of

irregular shape, up to 2.5 cm. in length.
Aphyric basalt. - Clastic layer at 816 m..

Fine, blue-black rock with gparse tabular feldspar
phenocrysts ca. 1 cm, across, Vesicular structures

present,
Aphyric basalt.

The section is interrupted by faulting here. The

top of the Platy Basalt outcrops again ca. 680 m..

Platy Basalt; fine-grained with undirected fabric
at the base, becoming coarse, with marked flow

alignment of the phenocrysts toward the top.
Fine aphyric basalt.

Fine "star" basalt.

Aphyric basalt.
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340~ 344 Clastic horizon. Small, angular fragments of

| basalt, seldom more than 1 em. across, are set in
a pale, quartzose, epidote-impregnated matrix.
There is an intercalated layer of sandstone ca. 1 m,
thick, The horizon is detrital, not pyroclastic.

It appears to thin rapidly to the north-east.

210~ 340 "Star'" basalt.
0- 210 Sandstone of the Nunasarnaq Sandstone Unit.
BASE
(2) Lower Basalt Division, Many of the flows which make up

this Division are feldsparphyric to some extehf, the porphyritic
character ranging from the occurrence of isolated, platy, plagio-
clase phenocrysts, through intermediate varieties with sporadiec,
irregular aggregations of a few phenocrysts, to the development
of stellate aggregates. Where the agglomeration process has
been most active, a high proportion of the plagioclase pheno-

cr ysts have been drawn into clusters of regular shape, consist-
ing of six or more platy phenocrysts ca. 0,5 cm in length,
radiating from a common focus. In the less aggregated varieties
the phenocrysts may show a tendency toward flow alignment.

Within some flow-units "stars" are concentrated toward the upper
surface, while the base is nearly aphyric. This meay have been

achieved by flotation of the phenocryst clusters due to their
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having a specific gravity lower than that of the basaltic matrix
(ef. Macdonald, 1956;‘p. 1076). If so, the lava must have been
of very low viscosity to permit such segregation in a body only
a metre or two thick.

In general, the lithology of the lowest part of the Division
is closely similar'to that of the Ipiutaq Volcanic Unit.
Extensive, low-angle sections through the Division can be observed
on the top of Nunasarnaq and over about 15 sq. km, of country
north of Tunuarmiut between 600 m. and 900 m.. The Division is
aisolrepresented on Nasanguaq and on the plateau area inmediately
to the west, where, in contrast to the rest of the High Plateau,
exposure is locsally exce;lent. Here, the erosion sufface inter- _
sects the stratification of the lavas at a very low angle and
intra- and inter-basaltic structures are very well displayed.
Most of the flows are between 2 m. and 5 m, in thickness. The
weathered colour of the main part of the flows is grey. At the
top of each flow, there is a purple "flow-top", ranging in thick-
ness from a few cms. to more than a metre.  This layer has a
porous, slaggy appearance in cross-section, Low angle sections,
parallel to the stratification, reveal corded surfa_ces. As
many as five successive corded.surfaces have been recorded withip
5 em, vertical thickness, further testimony to the extremely
fluid nature of the lava, The state of preservation of these

structures is remarkably good and superficially they are

~identical with the products of some recent lava fields (cf. Fig.

1.15). The flow-tops are usually succeeded by a layer of
sendstone from a few cms, up to 1 m. thick. Greater thicknesses

are exceptional. Various structures involving basalt and






sandstone,'such as were recorded in the Ipiutaq Unit, are common.
Flow-units have followéd in such rapid succession that sand
intercalations have been very thin, seldom exceeding 1 - 2 cm ;
often one flow-unit rests directly on top of another. Wisps of
metamorphose sandstone occasionally seen in the-interior_gf flows
have resulted from the implication of blowvn sand in actively
flowing lava,

The lowest third of the Division is formed almost entirely
of "star" basalt, while-the upper two thirds is largely aphyriec.
Above Tunuarmiut at 340 m. (Table 1.4), there appears to be a
distinct stratigraphical boundary between the two sub-Divisions,
marked by a clastic horizon. Exposure isg particularly favour-
eble at this locality; elsewﬁere a boundary between the lower
"star" basalt end the upper aphyric variety has not béen -
distinguished, although the relative thicknesses of the two

types are known to be essentially constant, at least on this side

of the Ilimaussaq Intrusion.

(b) Upper Bagalt Division.  The lowest flow of this Division

is of Platy Basalf, a rock type of very distinctive appearance
(ef. Fig, 1.16) and widespread development which makes an
admirable marker horizon. The flow (or group of flows) has a
thickness of 40 - 50 m. throughout the area and is frequently |
underlain by a persistent bed of sandstone mixed with scoriae
which at times reaches a thicknéss of 2 - 3 m. Platy Basalt
is particularly well displayed on a part of the High Plateau
about 3.5 km, south-west of Nasanguaqg, where it outecrops over

an area of about half a square kilometre.
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The Platy Basalt is characterised by abundant large, thin
tabular plagioclase phenocrysts (hence the name "Platy Basalt").
In the lower part of the horizon, the phenocrysts are relatively
small, with a breadth of 1 - 2 ecm, and a thickness of 1 - 2 mm,
and in general the rock resembles an unusually coarse "star"
basalt. Aggregation of the phenocrysts is not very pronounced;
on the other hand, flow glighment is not seen, 'Atprogressiwely
higher levels in the Basalt, the phenocrysts become larger, more
abundant and begin to show arrangement parallel to the stratifica-
tion of the sequence. The upper part of the Basalt is very
coarse and many of the phenocrysts arels cn, OYr mMore across,
with a thickness of 2 - 3 mmn.. They are closely packed in a
coarse granular matrix, the bulk of the phenocrysts often
exceeding that of the groundmass. Flow allignment is developed
to a high degree.

Highly vesicular, purple flow-tops are developed at two
levels at least within the Platy Basalt, indicating the presence
of three or more flows or flow-units. The contrast in size and
concendration of phenocrysts between the lower and upper parts

of the horizon are thus not due wholly to in situ segregation,

but rather to the extrusion in successive bulses of different
fractions of a magma in which segregation was already present.
(cf. Walker, 1959, pp. 191 - 195).

The remainder of this Division is made up of Aphyric.or

sub-porphyritic basalt flows resembling those of the upper part

_0f the preceding Division. An exceptional variety occurs about

100 m. below the top of the Division, This type, known as

"Big Feldspar Basalt", is fundamentally a rather coarse olivine
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basalt of pérmal appearance, containing scattered coarse groups

of platy plagioclase phenocrysts which sometimes show steliate
arrangement. In addition, there are some large blocky pheno-
crysts of plagioclase which reach a length of 5 em. or exception-
ally as much as 15 cm,. These phenocrysts are sparsely and
often unevenly distributed (Fig., 1.17). Some outcrops are
devoid of the large blocky phenocrysts, while in others there

may be a moderate concentration, partiocularly in the lower part

of the bed{ it is rare that the incidence of these phenocrysts
exceeds one per thousand ccs. of matrix. It is mai_nly the
blocky phenocrysts which distinguish this horizon from the basalts
above and below. The uneven development of the phenoerysts,
coupled with unfavoureble conditions of relief and exposure,-

meke it difficult to define the upper limit of the layer accurately.
It is at least 10 m, thick. The base is often marke,d by an
unusually thick layer of sand and scorisae, Outcrops of Big
Feldspar Basalt shown on the accompanying map (Pig. l)lare all
egbove 1100 m.; it is probable that the bed persists along the
eastern flank of fhe Summit Plateau, Flows of this Division

are typically 10 - 16 m. thick,

With some miner exceptions, rocks of the Upper Basalt
Divisigp are only preserved within 2 km. of the margin of the
Ilimaussag Intrusive Complex. In the field, the effects of
contact metamorphism may not be very-obvious, particularly in
the finer lava varieties, As a rule, however, the rocks are
more resistent to erosion (both chemical and mechanical) than
those more remote from the Intrusion and under the hammer they

are harder. In freshly broken specimens, abundant specks of



iron ore are diseernible.

The most widespread and readily noticeable secondar y effect
related to the Intrusion is the. development of epidote. Bright
green epidote forms a coating on joints and various strati-
graphic planes, iﬁpregngtes all the less compact layers and
almost invariably replaces amygdales. The Platy Basalt is a
favoured'site of epidote mineralisation. In the least affected
outcrops epidote occurs in vesicular cavities, often transgres-
sing beyond the limits of the original amygdular filling; it
also speckles the rest of the rock to some extent. In more
advanced cases the whole rock may be replaced by epidote,
although the platy texture is still preserved, Where the Platy
Basalt outcrops on the western slope of Ilfﬁaussaq at ca, 1000 m.,
a plane within the bed has been heavily mineralised and a
massive epidote rock is developed. The epidote, which is finely
granular, has numerous irregular cavities about 5 cm, across which
contain plates of specular iron ore. The Big Feldspar Basalt
is also very susceptible to epidote minerlisation. occasionally
the large feldspar phenocrysts are partly or wholly replaced'by

the mineral.

(¢) The Porphyry Division. On the basis of the data available

~at present, it is impossible to describe the Porphyry Division

other than in the most general terms. In the Ilfmaussaq -
Summit Plateau - 1036 mes hill region, the igneous rock types

distinguished are as follows:

(1) Fine grained basalt, ranging from aphyric to finely

feldsparphyric, with the occasional development of
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(1i)

(ii1)

(iv)

Mstar" structures. Rocks of this group are by far

the most abundant.

"Sparse.Porphyryﬂ, a fine-grained, pale grey or mauve
rock, occasionally vesicular, with white tabular feld-
spar phenocrysts 1 - 2 em. in length. As the name
implies, the phenocrysts are sparsely disfributed;
often they show flow alignment. Flow-tops have been
recognised in outerops of this rock. On the basis of
macroscoplc examination the rock is suspected of being
an alkaline type, possibly convergent with the trachyte
(velow). '

"Fox Mountain Porphyry", a fine-grained grey or blue-

black matrix, oeccasionally vesicular, containing thick

tabular phenocrysts of white feldspar (plagioclase)

from 1l - 5 em, in length. The phenocrysts are

frequently rather closely packed and usually show strong

flow elignment (or igneous lamination --- it is not

certain that the rock is extrusive).

Fine-grained, vesicular, pale mauve trachyte with blocky
phenocrysts of alkali feldspar up to 5 mm. in length.
(The rock has been #identified in thin section). The
concentration of phenocrysts appears to be highest in
the most vesicular parts; elsewhere, the phenocrysts
may be quite widely distributed. These lavas are

extrusive.



Clastic horizons with an average thickness of ca. 50 cms.

occur quite frequently in the Perphyry Division. The famliliar

‘sand and scoria type is uncommon; most of the beds are composed

of angular to rounded fragments of volcanic rocks up to ca. 5 cm,

"in diameter. Since these horizons are invariably hi_ghly meta-

morphosed, it has not been possible to determine whether they

.are of pyroclastic or detrital origin, nor is it known whether

deposition has been sub-aerial or sub-aquaeous. Some of the
beds have a conglomeratic appearance, others are breccla-like.
These horizons have been particularly prone to contact meta-
morphlic and metasomatic effects caused by the adjacent Ilimaussaq
Intrusion,. On the 1035 m. hill some of the clastic beds are
imprégnated with aegir{ne, while on Ilgmaussaq crystals of epidote
garnet quartz and haematite are developed. Ussing (1912, p. 89)
records rocks with the latter type of alteration and considers
them to be agglomeratic. It is doubted that this identification
is really justified.

Ussing (1912, p. 89) writes "According to their macro-
scopic appearance the rocks of the volcanic series of Ilimausak
may be classified prbvisionally as diabase, porphyrite, porphyry
and quartz porphyry". Ussing's "volcanic series of Ilimausak"
is the present I1{meaussag Veleanic Unit. His "diabase" is
equivalent to the aphyric basalts found in all three Divisions
and his "porphyry" to the trachyte of the Porphyry Divisien.

The term "porphyrite', as used by Ussing, embraces varioué
extrusive and Intrusive roecks of the regiqn in whieh plagioclase
phenocrysts are prominent, including "star'" basalt and Platy

Basalt., The inclusion of quartz porphyry (dikes) . in this suite

e
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is undesirable since no extrusive equivalent has been recorded.

Tgble 1.5

Measured Section on the North-Wést side of Ilimaussaq.

Metres

1370~1390

1340-~1370

1250-1340

1.230-1250

1190~1230

1185~1190

1140-11856

1130~1140

1280-1130

1040-1080

TOP

Fine grey basalt.

Highly alteréd reddish, finely porphyritic types,
probably trachytic,

Scree cover., There is a 60° mylonite zone at

1340 m,

Sparse ?orphyry.
Grey aphyric basalt.
Not exposed.

Aphyric basalt. At 1180 m. a 2 m. layer of
sand and scoriase is succeeded by 2 m. of a rock

with the appearance of conglomerate.
Big Feldspar Basalt. The top is not exposed.
Basalt with some fine "star'" structures.

Fine aphyric basalt.



ca, 1000-1040 Platy Basalt.

The Summit Plateau is one of the most poorly exposed parts
of the entire region, Sparse Porphyfy, interrupted by a number
of clastic horizons, outcrops on the ridge which leads down to
the glacier from the north-west corner of the Plateau. | Thick-

ness is of the order of 50 m,. There are a few scattered out-

" erops of fine grey basalt, occasionally with "star' structures,

on the Plateau above 1300 m. and at a few points along the
western edge overlooking the Glacier.

A layer of vesicular trachyte, probably not much more than
1l m, thick,'outcrops ca., 100 m, north of the 1435 m, point. It
is succeeded by a fine, grey, micfo-porphyritic basalt with
sparsely distributed plates or laths of plagioclase 1 - 2 mm,
in length whiech show moderate flow-alignment. |

The summit is intruded by a broad zone of dikes striking
between 50° and 60°.  Beyond, south of the summit, there is a
conglomerate bed 5 m. thick, The pebbles are poorly to
moderately rounded; moét are between 2 cm, and 6 cm, in diameter.
They are of fine grey basalt and pink vesicular trachyte. The
groundmass appears to be a coarse sand or grit of the same
materials. No quartz can be distinguished with the naked eye.
The conglomerate is overlain By 10 m. of quartzose sandstone

with very regular bedding. The bedding planes strike 40° and






dip south-east at 20°  This sediment is the highest strati-
graphical horizon preserved in-the Gardar Continental Series
on the northern side of the Ilfhaussaq Intrusion.

Several outcrops of Fox Mountain Porphyry have been recorded
along the western face of the Summit Plateau, just above the
glacier (Fig. 1.19). The highest of these, which occurs aboout
half a kilometre south of the north-west corner of the Plateau,
is at 1300 m.. There is another outcrop on the Summit Plateau-
Nakéldq ridge at 1250 m. and a similar rock occurs at the top
of the southern face of Ilimaussaq at 1300 m.. All of these
outcrops may be parts of a single horigzon about 6 m, thick,

At none of the above localities is there any evidence to show

whether the Porphyry is intrusive or extrusive.

Because of their close proximity to the Intrusion, the
rocks of the Porphyry Division are always strongly metamorphosed.
The top of Ilimaussaq and ﬁhe south-western part of the Summit
Plateau are penetrated by veins and irregular dikes of alkali
granite and in the latter locality hornfels is developed and
the normal texture of the volcanic rocks is destroyed. Else~
where, epidote 15 virtually omnipresent. Besgides occurrences
in the usual sites, e.g. vesicles and joints, there are also
small irregular masses of the mineral within the volcanics,‘
which do not appear to be replacive after any definite structure.

In vesicles, epidote 1s often accompanied by a younger
growth of platy haematite crystals. Mineralisation of vesicles
is particularly well seen on the south face of Iifmaussaq at

11560 m,. A highly vesicular lava, probably trachytiec, occurs

1
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just below a clastic horizon and, like the fragmental rock, is
bleached to a pale creémy.colour.' The vesicles are mostly
lined with epidote and contain an inner layer of haematite
crystals. The centré'of some of the cavities is filled with
carbongfe in a few cases. bther secondary minerals found in
this vieinity are quartz, small, honey-coloured crystals of ?

garnet and a little purple fluorite.
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(b) PETROGRAPHY.

l, Notes on Alteration,

None of the Gardar volcanic rocks examined is w_holly
fresh. Chloritisation and carbonatisation of the lavas on
a moderate scale is quite widespread and in many cases may
be due to deuteric alteration. There is a low-grade meta-
morphic aureole around the Ilfmaussaq Intrusive complex and
it is likely that the numerous basic and alkaline dikes
(some of them more than 10 m, thick), which cut the lavas,
have caused more localised alteration in other parts of the
Peninsula, In many instances it is not very easy to
distinguish apart the less extreme effects of weathering,
deuteric or aute-alteration and hydrothermal alteration
(cf. Harker, 1904, p. 41).

The great bulk of the thin-sections examined are of
olivine basalt, composed}principally of plagioclase, augite
and olivine, with lesser amounts of iron ere. (The .
Porphyry Division of the Ilfmaussaq Volcanic Unit has not
yet been subjected to systematic petrographic investigation),
Of the principal rock forming minerals, olivine has been the
most susceptible to alteration and nowhere is it preserved.
Where olivine is referred to in the text, it is understood
that the mineral is now replaced by pseudomorphic material.
Even in the freshest rocks (e.g. 39945 and 40240), where
the pyroxene and feldspar are really well preserved, the
olivine is completely pseudomorphed.

Alteration of the minerals has.often been effected

without apparent change 1in the outlines of the grains;



thus, the original textures of the rocks are often quite

" well preserved and it is then possible to make a reasonably

accurate‘estimate of the original mineralogy. Primary
iron ore is probably the most difficult mine?al to dis-
tinguish with certainty, since the grains are readily
confused with grains of secondary ore derived from the

decomposition of the mafic silicates.

2. Systematic Petrography.

The following account is based on the examination of
almost 100 thin sections. Modal, textural and mineralogical
data obtained from 55 of the less altered basalts are set

out in Table 1. 6,

THE MUSARTOT UNIT

The volcanic rocks which outcrop on the Musartdt
terfaces eand along the shore are often deeply weathered, énd
the primary minerals may be extensively replaced by secondary
chlorite and calcite, Modal determination$ are of moderate
acéuracy only, since grain boundaries are sometimes poorly
defined. Pseudomorphs after olivine are less distinct than

in basalts from the other Units, and it is possible that minor

~amounts of the mineral did occur in some of the rocks in

which it is not recorded; however, it is unlikely that the
proportion exceeded a few per cent, Alteration of both
olivine and pyroxene resulted in the expulsion of iron ore

which has sometimes been concentrated into large, subhedral
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grains., Generally, it is not possible to distinguish

between this secondary ore and the primary type.

Monchiquite Sill. The monchiquite of the thin sill at

Sitdlisit (59905) is exhaustively described in Cha_pter V.

Basaltic Sills. The four basic sills in the lower parﬁ of

the Unit are numbered S1, S2, S3 and.S4, upwards. The rock
type of all the sills is quite similar in hand specimen.

It is black (when freshly broken), fine grained, very compact
apparently aphyric and quite distinct, as a rule, from the
palér, coarser, less compact rocks of the extrusives..

' Under the microscope, S1 and S2 appear almost identical
(Fié. 1. 20). The essential constituents are plagioclase

and pyroxene; olivine is totally absent. The plagioclase
forms & mesh of undirected, narrow laths, mostly of rather

similar size, ranging in length from 0,2 - 0.5 mm. The

'pyroxene, where fresh, is pink. It is extensively altered

to a pale green chlorite. Its form is subophitic.

Specimen 39904, from neaf the base of 51, contains almost

10% iron ore 5y volume, as grains whiéh are nearly idiomor-

phic, This specimennalso contains a fraction of a percent

of apatite, & mineral not recorded in the other sills.

Rafe, blocky phenocrysts of early plagioclase, a few milli-

metres in diameter, occur, containing parallel, vermiform

inclusions of chiorite, presumably replacing a mafic mineral.
82 is slightly vesicular in the upper part. The

vesicles, which are mostly ca. 2 mm. in diameter, contain
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concentric bands of fine chlorite and chalcedony. Occa~-
sionally the twé-minerals are irregularly dispéséd and the
silica is spherulitic. The adjacent plagioclase laths
show & moderate tendency to .lie tangential to the vesicles.

In S3 the pldgiqclase grains are poorly sorted with
regard to size, renging from 0.5 mm, to 2,0 mm, in length.
The rock is distinctly coarser than that of the other sills.
The pyroxene, now altered, was subophitic in habit and there
is no certain sign of olivine.

54 containg small, sparse groups &f lath-shaped plagid-
clase phenocrysts 1 - 3 mm. long, sometimes accompan_jied by
olivine pseudomorphs up to 1 mm. in diameter. The plagio-
clase in the groundmass is similar in all respects to that
of S1 and S2. The pyroxene, however, occurs as isolated,
ophitic grains up to 4 mm. in diameter. Olivine has been
Present as small groundmass grains. The pseudomorphs are
not readily identified, but do not constitufe more than a
few percent of the rock modally.

In general, the basalt of these sills is aphyric and

olivine-free, Groundmass augite and plagioclase are present

in almost equal amounts.

Extrugsive Basgalt Layers. The basalt horizons which overlie

the sills are number ML, M2, M3 and W4,

Sections of Ml show an aphyric, olivine-free rock,
consisting of undirected plagioclase laths with good size
sorting 0.5 -~ 1.0 mm. long, and subophitic pyroxene. In

hand specimen, the rock résembles the basalt of the sills.

N



Two varieties of Dbasalt are represented by specimens
from M2, One kind is olivine bearing, with plagioclase
laths O.5 - 1,0 mm. long and subophitic pyroxene; specimen
39908 contains 10% olivine (pseudomorphed), most of it as
groundmass grains; though a few roundéd grains ca. 1.0 m m,
in diameter also occur.: The other kind of basalt, as
exemplified by specimen 39910, -is petrographically distinct
from other basalts in the Unit, It is fine grained and
sparsely porphyritic with lath-shaped or platy phenocrysts
of plagioclase up to 2 mmn., long. The feldspar microlites
are only ce., 0.2 mm, in length. The pyroxene grains occur
as isolated, subophitic individuals 2 mm. in diameter. No
sbégn of olivine can be distinguished.

M3 is of aphyric basalt with subophitic pyroxene and

is probably olivine-free (e.g. 39921). M4, by contrast,

may contain up to 20% of intergranular olivine. Texturally,

this rock has closer.affinity with the aphyric, olivine
basalts of the Ipiutaqg Volecanic Unit,

In view of the altered nature of some of the specimens
and the limited material available (10 thin-sections only),
comment on the petrography of the MusartQit effusives as a

group is limited to the following observations:
(i) The flows are all essentially aphyric.
(1i) Pyroxene seems to be generally subophitic.

(i1i) Both olivine-bearing and olivine-free varieties

occur.
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Syenite Sill. This deep red rock is made up of thick,
euhedral teblets of alkali feldspar with monoclinic symmetry
andulength : breadth : thickness approximately in the ratio
4 ¢ 2 ¢ 1, Average length is sbout 5 mm, While large
parts of the grains are seemingly optically homogeneous, a
fine, lamellar perthitic structure can be distinguished
locally at higher magnifications, particularly in the central
portions. There are also irregular turbid patches whose
cause is unknown. The following 2V values were obtained
from various feldspar grains: 69°, 700, 729, 7210 and 759,
The feldspar crystals are frequently penetrated by euhedral
Pseudomorphs after a prismatic, monoclinic mineral, probably
pyroxene, now replaced by very fine, colourless chlorite
and a narrow rim of iron ore. A few slender prisms of
apatite also pierce the feldspars. The interstices between
the tablets are occupiled by pale green chlorite, iron ore
and carbonate, singly, and in various combinations., Pre-
sumably one oqé more mafic silicate originally occupied
these sites; the identity of the mineral(s) is unknown.
Invéstigation of the feldspar of specimen 39911 by
X-ray diffraction revealed the presence of a monoclinic
potash phase and an albitie phase, Chemical analysis of

the rock for alkalies gave the following result:

wt. %

Nazo 20 50

K50 9. 40



Assuming that all the alkalies are concentrated in the

feldspar, the mineral will contain 74% of the Or molecule.
The X-ray, optical and chemical éharacteristics of

the feldspar indicate that it is an orthoclase. The rather

high 2V may be due to-the ﬁresence of a small amount of

microcline; a slight, irregular shoulder on the low angle

gide of the (131) monoclinic potash feldspar peak of the

diffractometer chart tends to support this hypothesis.

"Tilestone". The nature of this rock varies considerably,
depending on the size and proportion of the clastic frag-
ments, and the secondary redistribution of the carbonate in
the matrix, The colour ranges from brick red to deep,
chocolate brown. Apgular grains, mainly of quartz, consti-
tute up tb one third of the rock. Grains which exceed

0.5 mm, are relatively rare and most are 0.2 mm. or less in
diameter, By far the greater proportion of the clastic
fragments are of guartz, notable angular and sharp-edged.

Among the largest grains are some of quartz showing second-

ary overgrowth of silica and a number of grains of micPfocline,

Rounded grains of carbonate are not uncommon and may be
either clastic or secondary.

The matrix is of very fine grained carbonate, often so
full of tiny ore gramules as to be semi-opaque; the colour
of the rock is ascribed to these. An exceedingly fine
fraction of clastic quartz is distributed in this base and

there are occasional minute grains of a colourless flaky

mineral of moderate birefringence. Within the fine—grained'
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groundmass the clastic grains are assembled in wispy con-
centrations of irregular deVelopment. _Thé_ore pigmentation
is also developed irregularly and quite extensive patches of
groundmass are of clear, crystalline carbonate. Minor
veinlets of carbonate are developed in parts of the rock,
The "tilestone" is believed to be a calcareous tuff, The
excellent strafification of the rock and its occufrence
interbedded with conglomerate point to its having been

deposited under water.

' NAUJARSSUIT SANDSTONE UNIT.

Volcanic horizons within this Unit are represented by
two specimens. 39935 is from the basalt layer which
coincides with the important lithological change which
occurs about one quarter way up the Unit. Degpite very
heavy alteration, it is unmistakably an aphyric vg_riety,
even grained, with plagioclase laths ca. 1 mm. in length,
The rock shows no sign of olivine, the pyroxene was probably
subophitic,

44431, collected by V. Poulgen from near the top of
“the Unit, is also heavily altered. Pseudomorphs after
olivine are very numerous and the minefal must have made up
16 - 20% of the rock. The size and arrangement of the
plagiociase grains recall 399365, The‘habit of the pyroxene

cannot be determined.
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IPIUTAQ VOLCANIC UNIT.

The flows of this Unit are basically of rather constant
petrography. The chief variant is the incldence of plagio-
clase- phenocrysts and there is a range of varieties from
aphyric basalt to "star" basalt. 39940 (Fig. 1l.21) is an
unusually well preserved example of the aphyric type. More
than half of the pyroxene remains unaltered. It is pink,
and shows a subophitic relationship toward the feldspar
laths., Alteration is to a fine-grained aggregate of pale
green chlorite. Pseudomorphs after olivine, which make up
approximately 15% of the rock, are particularly clear.

Each grain is reﬁlaced by a single cr_ystal of chlorite
which has the following properties: pleochroic from colour-
less to pale green, birefringence very low, slightly
anomalous, R.I.= 1.58, 2V very small.  The curved cracks
of the former olivine are marked by lines of iron ore, The
Plagioclase has a moderate overall sprinkling of serieite
and other fine élteration products. The laths average

ca, 1 mm, in length, A number of subhedral to anhedral
grains of iron ore are judged to be of primary crystallise-
tion.

In other'épecimens of the Ipiutag lavas, platy pheno-
crysts of plagioclase, seldom exceeding 5 mm. in length,
occur as irregular clusters (e,g. 39915), as tiny, well-
shaped stars made up of phenocrysts only about twice fhe
average size of the groundmass laths (e.g. 39942) or as
large, coarse stars in a vesicular variety with a very open

texture (40234). Many of the lavas are vesicular; the
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vesicles contain carbonate, sometimes enclosed in a
peripheral zone of éhlorite. In all the specimenslexamined,
pseudomorphed oliviné is abundant as groﬁndmass grains,

Where the habit of the augite could be determined, it was
invariably interstitial. Plagioclase is much more abundant
thgn augite; in 39940 the ratio plagioclase : augite is
approximately 3 : 1. Specimen 40235, which contains

more than 20% of olivine, is taken from the basal part of
the lowest fiow'in the Unit, The enrichment in olivine

may be due to gravitational control.

NUNASARNAQ SANDSTONE UNIT,

Up to three successive intercalations of basalt may be
found in the Unit at any one place; however, the very
localised nature of the flows discourages lateral correla-
tion., A distinction of lower, middle and upper flows has
been made; while this division may not be valid strati--
graphically, the flows included in the upper or lower divi-
sions are more likely to be younger or older respectively.
Thus, the classification helps to illustrate thé overall
ehange in the petrographic characters of the lava with time.

The basalt of the lower group of flows does not differ
appreciably from the aphyric varieties of the Ipiutag Unit.
Olivine is present in all and the pyroxene is subophitie,

The upper flows are of a different textural type. The
plagioclase laths are much smaller (0.2 - O, 4 mm. , as against
1.0 mm. ), while augite, where preserved, is ophitic, forming

grains up to 4 mm. in diameter, Abundant, rounded pseudo-
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morphs after oli&ine are scattered through the rock,

forming 10 - 15% of the basalt modally., Platy feldspar
phenocrysts, such as afe found in the Ipiutaqg and Ilimaussaq
basalts, are wholly absent. Instead, phenocrysts of plagio-
clase with a thick, tabular habit, 1 - 2 em, long, are
sparsely scattered throughout some of the higher flows.

These phenocrysts, in contrast to the groundmass laths,

which are often quite fresh and clear, have been sericitised
to such an extent that practically no clear feldspar material
remains and structures such as twinning and zonlng are
obliterated. A line of tiny, elongate inclusions, probably
of altered mafic minérals, is arranged parallel to, and a
little Way in from, the margin, These graing contrast
markedly with the platy phenocrysts found in other lavas of
the region and appear to be foreign to their present environ-
ment.

Flows on the south side of Nunasarnaq are within two
kilometres of the nephéline syeniﬁe intrusions and are
strongly altered (e.g. 59966, 39988), The plag_ioclase
has been altered to sericite, albite, etc., while much of
the pyroxene has been replaced by a colourless.amphibole.

The pseudomorphs after olivine are now of ore and epidote.

The rock of the monchiquite flow (e.g. 39959) is very
similar to the Sitdlisit monchiquite (89908) both as regards
the identifiable primary minerals and the degree of altera-
tion. Rather more pyroxene is preserved, however, some as
prismatic phenocrysts up to 2 mm. in length. In the ground-

mass, there are corroded needles and tiny prisms of similar
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pyroxene; the majority of the grains have a length in the
range 0,1 - 0,25 mm.,, however, all sizes from this range up
to that of the nominal phenocrysts are represented., Where
fresh, the mineral has a pale yellow colour, In pa_rts of
the rock pyroxene may occupy nearly 50% of the groundmass,
The vesicles are filled with fine graiﬁed carbonate and
there is much carbonate in the groundmass. It is suspecped

that most of the carbonate in this rock may be primary.

. ILfMAUSSAQ VOLCANIC UNIT.

(a) Lower Basalt Division, Most of the specimens listed in

Table 1 are from the north-eastern end of Nunasarnaq and
the basalt plateau 1 km, north-west of the inner end of
Tunuarmiut. This material is relatively unmetamorphosed
and forms a useful standard with which the more altered

rocks can be compared.
(i) "star" Basalt Group.

There is a great contrast in grain size between the
groundmass and phenocrysts in these "star' basalts.
Typically, the plagioclase microlites are only 0.1 -~ 0,25 mm
in length, show good size-sorting and form an undirected
mesh in which are set small rounded grgnules of olivine,
fully ophitic grains of pink pyroxene with a maximum
dimension of ca. 1 mm, and perhaps a 1itt1é primary ore.
Specimens 39945 (Fig. 1.22), 39960 and 39963 are well
preserved examples. 39947 is an unusual variant in which

the pyroxene is intergranular and the plagioclase microlites
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have a moderate fluxional arrangement.

The plagioélase phenocrysts are broad lathé or narrow
plates, mostly under 1 em. in length, twinned on the albite,
Carlsbad and occasionally the pericline laws. These pheno-
crysts tend to be arranged into star-shaped clusters (cf.
the Ipiutaq lavas, above). Rounded grains of olivine up
to 2 mn, in diameter are scattered through the groundmass.
While in most specimens groundmass grains and phenocrysts
of olivine contrast markedly in size (e.g. 39945), in some
cases (e.g. 39963) there is a whole range of sizes and it is
not possible to make a demarcation between groundmass gra_ins
and phenocrysts. Large olivine grains are occasionally
conéentrated at the foci of plagioclase phenocryst groups
in botryoidal clusters of considerable extent (e,g. 40268,
Fig, 1.23).

(1i) Aphyric Basalt Group.

Rocks of this group are very similar to aphyric lavas
of the Ipiutaq Volcanic Unit (see above)., The plagioclase
laths are undirected, the pyroxene is subophitic and there
is granular groundmass olivine, A series of specimens was
taken through the group on the "Tunuarmiut -~ 1035 m, Hi11"
measured section (Table 1.4) (39971, 39972, 39974, 39975
and 39976). Despite alteration, it is apparent that the

whole group of lavas has been of essentially constant compo-

sition. = The chief variable is grain size; the average

length of plagioclase laths ranges from 0.4 - 0.8 mm, in

various specimens, The percentage of modal olivine in
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specimens 39962, 39953 and 39974 (Table 1.6) is probadly

ca. 5% above the average value.

(b) Upper Basalt Division.

The Platy Basalt may be considered an unusually coarse
variant of “star" basalt. At the base of the layer, the
rock appears to be essentially identical with "star" basalt
(59978). In the coarser, higher facies, the large, platy
phénocrysts of plagioclase tend to mask the identity of the
rock, but the matrix, though coarser, with plagioclase laths
1l mm, in length, appears to be of similar composition
(39979),  Some ophitic or subophitic pyroxene remains in
61673, a variety of intermediate grain size. So far as is
known, phenocrysts of olivine do not exceed ca., 2 mm, in
diameter nor does the mineral show any tendengy toward
aggregation (ctr., the botryoidal clusters in the "star"
basalt, above). In particular, there is no indication of a
coarse, phenocrystalline development of the mineral when '
accompanying the large plagioclase plates.,

Specimens collected from hiéher parts of the Division
on the "Tunuarmiut - 1036 m. Hill" section (Table 1l.4) are
nearly all of aphyric olivine baesalts similar to those of
the Lower Basalt Division, but on tﬁe whole rather coarser;
this is supported by field observation. 39980 from just
gbove the Platy Basalt horizon is an exception. This rock
is unusually well preserved, perhaps on account of its
unusually fine~grained and compact nature. The plagioclase

laths are 0.1 - 0.2 mm., in length, show remarkably good size



sorting and a rather strong fluxional arrangement., Sub-
ophitic grains of pink pyroxene ca. 0.5 mm. in diameter are
preserved and there are tiny pseudomorphed olivine granules
in the feldspar mesh, ca. 0,0l mm, in diameter. There are
8 few scattered lath-shaped phenocrysts of plagioclase up to
ca., 1 mm, in length, containing broad patches of sericitisa-
tion (the microlites are quite clear and unaltered). Three
such phenocrysts have been observed grouped together with
some large grains of olivine (diameter 0,3 mm, ) in close
association, This rock type is undoubtedly a variety of
“star“ basalt.

The succeeding basalts, typified by 39981 and 39984
are much coarser. The plagioclase laths, which show poor
size sorting and no tendeﬁcy toward a directed arrangement,
are frequently 1 mm. in length. Pyroxene has been sub-

ophitie, olivine has been coarse and abundant.

Big Feldspaf Bagalt is represented by specimens from
the northern edge of the Glacier, 40275 and 40276, In thin
section the initial impression is that the plagioclase laths
show very poor size sorting; however, although the adtered
nature of the rocks does not permit certainty, there is a
suggestion of two distinct size groups of laths. In one
group, average length is ca. 0.2 mm, and size sorting is
good; in the other group laths are of all sizes from
ca. 0.25 mm. to 2 mm. and occasionally larger. The la%ter
group probably grades into the coarse, platy phenocr_ysts
observed in the field at seme localities. The large, blocky

feldspar crystals of basic plagioclase may be considered as
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belonging to yet another category of plagioclase grains.
Augite appears to have been ophitic and olivine has been
an abundant constituent in grains up to ca. 1 mm, in

diameter. This rock would appear to have close affinities

with "star" basalt.

The petrography of the Porphyry Division has not yet

been investigated.
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Table 1l.6. Modal, Textural and. Mineralogical Data of Gardar Basaltis,

Horizon:| Speeimen| Porphyrit- Modal Data Augite | Augite Plagioclase Augite
number: ic ratio texture composition opties:
character: | Phenocrysis. Groundmass (% An).
. S Pheno- | Micro- 2V R.I.
Plag. L01. Plag.(Augite 01.| ore | orysts |lites | (deg.) f5
S1 3990,  Aphyrs - - 4.3 421 - 9.8 47.1 S0
s1 39929 Aphyr. - - + + - SO
S2 39905 Aphyr. - - 5L.1 8.9 - 58.9 80 62-50  62-50
s2 39936 Aphyr. - - o+ @ 0 54 50  1.710
82 39937 Aphyr. - - 5Lk 486 - 148.6 S0
3 39932  Aphyr. - - + + - ? 56
83 39933 Aphyr. - - + + - ? 59-43
Sk 39906 'SP + + + + o+ | 0 70-66  60-50
S4 39938 SP + +- 43.3 48.3 «+ 2.4 49.5 0 65 65 1.710
M1 39907 Aphyr. - - + + - S0 57 _
ML 39916  Aphyr. - - 583 0.2 - 40.8 S0 51
M2 39908 SP - + + + 20 S0
M2 39909 Aghyr. - -« .- S0 52, 534
M2 39910 SP - - + + - 0 68 55 51 1.705
B2 39917 Aphyr. - - v P ) 50% 1.710
M3 39913 Aphyr. - - + + - ? 57
M3 39921 Aphyr. - - + + - S0 505  1.710
M3 or Mk 39924 Aphyr. - - 53.1 26.9 20 33.6 SO
My 3991 Aphyr. - - + + + ?
N 39935 Aphyr. - - £ - S0 58
Nj 1,31 Aphyr. - - + + o+ S0
Ip L0235 Aphyr. - + 645 9.0 244 3.8 13,8 SO
Ip 39915 Star + - 60.8 25.7 15.4 28.1 50 56
Ip 14023k Star + - + oo SO
Ip 549233 Aphyr. - - + + o+ S0
Ip 39540 Aphyr. - - 59.8  2L.1 17 45 26.1 S0 52%
Ip £39941  Aphyr. - - 726 10.1 1m2 0.3 12.2 S0 52
Ip 40239 Star + - + + SO
Ip 40240 Aphyr. - - 63.8 13.3 17.7 17.3 S0
Ip 39942 - §P + - 59.3 18.3 20.0 23.6 SO 51,
Ip 39954  Aphyr. - - 58,7 28.5 13.1 30,6 SO
N 39966 Aphyr. - - + + S0
N 39967 Aphyr. - - + + )
o 93 Apyr. - - * b S0
‘N 39958 .SB + - + + 9 -
N 39319 Aphyr. - - + + o+ S0 1.710
N x%39340 SB + - + + + 0
N 39576 sB - + v ! o
N 39341 Aphyr: - - + + 4 0" 52,
N 39332 Aphyr. = - * o 0
13 39045 Star v+ + v 0 61
LB 83994 Star 23.7 + 39.5 21.3 157 35.0 0 72 60 52 1.710+
1B 39945 Star 1.2 + 46.7 22.6 16k 32.6 0 . 70 60 52 1,710
1B 39946 Star * + + + o+ 0
LB; 39947 Star 16.1 8.5 47.6 19.6 + 27.17 IG 52
LB 39960 Star 17.4, + 38.2  19.7 + 34,0 0 71 57-47 1.710
IB 39961 Star + + + o+ S0 70 61
1B 39962 Star + + + + + ¢
IB 39961, Star + o+ + PR 0 62
1B 35952 Aphyr. - ; 58.8  19.0 22.1 2. b S0 60 51 ce.l.71
1B 39953 Aphyr. - - B5.2 2,7 20.1 30.9 S0
1B 35972 Aphyr, - - 56.6 2h.6  18.6 30.3 S0 52f_4§_ . o
o I;B | ) ;9;7—14- SP + - + + - + | {o}
UB 39980 Aphyr. - - 642 20.5 15.% 2h. 2 S0 ::
UB 39981 hphyr. - - 627 230 L2 26.8 'S0 .




Horizons:

S1-54
M1-M4
NJ

Ip
N
LB

UB
Porphyritic

Aphyr,
SP
SB

Star

" Texture of

e

80
¢ =
Where

a plus sign

implies tha

Explanation of Table 1.6

gills of the Musartut Uhit

= flows of the Musartut Unit

basalt horizons of the Naujarssuit Sandsto%e
: nit.

flows of the Ipiutaq Vblcanic Unit

flows of the Nunasarnag Sandstone Unit

Lower Basalt Division, Ilfhaussaq Volcanic Unlt

Upper Basalt Division, Ilimaussaq Vokcanic Unit

character (with respect to plagioclase
: : phenocrysts):

aphyric

sparsely porphyritic, with platy phenocrysts,

sparsely porphyritic, with blocky phenocrysts.

porphyritic, with stellate clusters of platy
' phenocrysts.

augite:

fully ophitic,
subophitic,

intergranular,

the modal amount of a constituent is not giveh,
implies that the mineral is present; a minus

t it is absent,

The three analysed specihens aré marked thus *
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3. Notes on Mineralogy.

The anorthite-content of plagioclase crystals has been
determined on the universal stage in many instances, using
the method of extinction angles, measured on the trace of
(010) twin planes of albite twins or, less freguently, from
Carlsbad-albite twins. The refractive index and 2V of
pyroxene grains have been measured wherever possible. The
reéults of thése optical determinations are tabulated

togelther with modal and textural data in Table 1. 6.

Olivine No olivine remains, nor has serpentine been
identified. The pseudomorphs are mainly composed of iron
ore and a mineral or minerals referred to the chlorite
group. The thickness of the ore rim is usuallj out of all
proportion to the amount of iron held in solid solution by
the original olivine (cf. C.I.P.W. norms, Taﬁle 1.9). In
some cases the chlorite is confined to a tiny central grain
enclosed by ore and not infrequently the pseudomerphs are
of solid ore, There can be little doubt that the ore of
these pseudomorphs has been considerably augmented by the

migration of iron from elsewhere in the rock.

Pyroxene When fresh, the pyroxene is a clear pink
colour, Cleavage is not well developed and difficulty
was experienced finding fragments suitable for R.I. deter-
mination. The R.I. was 1,710 + .005 in almost every

Pyroxene examined. The 2V was obtained by the extinction



96

method ;; areas large enough for the conoscopic methed are
extremely rare. In general 2V ranged from 50° to 549, In
the Musart@t flowes and sills most grains have a 2V between
50° and 519; in higher Units, 520 is the most usual value.
A slight gradational zoning effect can be detected in
occasional grains. The range of 2V readings Bbtained from
different grains within the same thin section is illustrated
by the following values from 59940: bl, 55, 53%, 51, 51,53%,
62%, b4, 5'515, 475, 53, 87, The 2Vs in Table 1.6 are the
_average values in the various specimens.

Plotted on the determinative diagram of Muir (1951,
p. 713), the optical properties of the pyroxenes correspond
to compositions toward the magnesign:side of the ferro-
augite field. = (Deer, Howie and Zussmann, 1963&:;. 132,
remark that pyroxene compositions obtained in this manner
may differ by as much as 5% of the Ca, Mg or Fe content from
their true values). “

The textures of the pyroxenes are deseribed variously
as ophitic, subophitic or intergranular (cf. Williams,.
Turner and Gilbert, 1954 p.22). The terms are defined as

follows: -

(1) Ophitic,- Laths of plagioclase ape completely
enclosed in pyroxene (the enclosed laths are
usually a great deal smaller than those else-

where in the groundmass).

(ii) Subophitic. This term covers m range of

textures from the stage whére a number of
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adjacent areas of pyroxene enclosed by feld-
gpar laths are in optical continuity, to a
stage where pyroxene is moulded around the ends

of the laths.

(iii) Intergranular, Each small isolated area of
pyroxene within the feldsbar mesh is an

individual crystal.

Plagioclase. Practically all &ihe plagioclase lies

within the compositional range of labradorite, viz.,
between An50 and Angg. Most of the microlites have a
composition between Ang, and Angg. Some show normal
gradational zoning near the margins, corresponding to a
change of ca. 10% An, and some grains zone out to basic
andesine, e.g. 4é% An,

The plagioclése phenocrysts are generally more basic
than the microlites, containing ca. 10% more of the
anortﬁite molecule. Several grains sﬁowed optical

Properties corresponding to ca., 70% An.

4, Modal Data and Augite Ratios.

The modes of a considerable number of basalts were
determined (Table 1.6). It must be emphasised that the
values obtained are not of very high accuracy due to (i)
the inaccuracies inherent to the modal determination of such
fine grained rocks (cf. Larsen and Miller, 1935, p. 262)

and (ii) the altered nature of many of the roeks. The modal
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éstimation of olivine is an example of the latter factor,
Where the pseudomorphs have thick rigis of iron ore, it is
necessary to make a subjective decision as to the limits of
the original olivine grain, The modes are based on counts
of 2,000 to 5,090 points.

Above the Naujarssuit Sgndstone Unit, all the basalt
flows are olivine bearing. The average olivine content
of 14 samples is 17.2%; this value may be somewhat weighted
by the inclusion of a'number of specimens from flow bases
where olivine may tend to concentrate and 15% is thought to
be & more typical value (cf. the C.I.P.W. norms, Table 1.9).

To compare the relative amounts of augite and plagio-
clase in the groundmass of the modally analysed rocks, the

"augite ratio" has been calculated.

% augite
Augite ratio = _ X 100

% augite + % plagioclase

The percentages are volumetric; Tomkeieff (1945)
makes use of a different "augite ratio" in which the weight
percentage of the mineralé are employed.

In view of the small amount of data treated and the
questionable accuracy of the modes, only limited conclusions
can be made as to the manner in which the augite ratio varies
from one group of lavas to another. The High augite ratio
of the Musart8t sills (average 48.5) is quite distinctive
and the four values obtained are similar (see Table 1.6).

In almost all the other basalts which have been modally



99

analysed, the gugite ratio is a clear 15 units lower.
There appears to be extreme variation of the ratio within
the Ipiutaq lavas (12.2 - 30.6), and there also appears to
be a concentration of unusually low values; the analysed
specimen 39941 has an augite fatio of 12,2, The four
augite ratio values for "star" basalts of the.Ilfhaussaq
Volecanic Unit are moderately high and quite close to one
another., |

The data available is insufficient to establish whether
or not there is a relationship between the augite ratio
and the textural form of the augite (cf. Tomkeieff, 1945,
Pe 74).

5. Plagioclase Phenocrysts.

No phenocrystalline pyroxene has been recorded in the
basalts. The phenocryst minerals are plagioclase and
olivine, the plagioclase being by far the more conspicuou_s.

Two types of plagioclase are distinguished:-

(1) Plates or broad laths with tabular development
to (010).

(1i) Blocky grains with squat, prismatic form.

In the stratigraphical sequence platy phenocrysts
first appear, very sparsely, in .the upper flows of the
Musartﬁt Unit. They reappear in greater concentrations at
various horizons in the succeeding Units, particularly in

the "star' basalts of the Ipiutag Unit, in the well defined
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100 m, thick group of "star" basalts at the bottom of the
Ilfmaussaq Volcanic Unit and in the spectacular Platy
Basalt. These plagioclase phenocrysts are normally
accompanied by olivine phenocrysts_and'sometimes the two
minerals are elustered together in glomeroporphyritic
groups. ‘'There can be no doubt that these minerals are
e_arly crystalling phases of the enclosing magma. Platy
feldspar crystais are very common in the basie (and alkaline)
intrusives of Gardar age in South Greenland, (et Upton,
1961, pp. 10 - 11; Ferguson and Pulvertaft, 1963).
Small blocky phenocrysts are sparsely distributed in
the sills of the Musart® Unit end in the upper flows of
the Nunasarnag Sandstone Unit, The most striking occurrence
however, is in the Big Feldspar Basalt where large bloecky
phenocrysts occur in association with platy phenocrysts.
Some of the blocky phenoecrysts contain small, heavily
altered inclusions of mafic minerals, which may be arranged
in a zone parallel to the grain margin, VWVhile the blocky
phenocrysts of the Musart®t sills are moderately fresh and
may have a glassy appearance in hand specimen, those
occurring at the higher stratigraphical horizons are heavily
altered, seemingly more so than the feldspar of the adjacent
matrix, A phenocryst from S2 showed gradational zoning
from An62 - AnEO'
It seems reasonable to assume that the blocky pheno-
cfysts and the platy phenocrysts formed in quite different
environments, The blocky phenocrysts may have a xeno-

crystalline relationship to the host basalt. Their appear-
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ance recalls the blocky "phenocrysts" of the Bardar Big
Feldspar Dikes, some of which may be fragments derived

from anorthite (cf. Upton, 1962, pp. 32-35).
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6. Principal Varieties of Basalt,

Tgble 1.7

Basalt Type Nature of plagio-~ Textural form
clase phenocrysts of augite
"Star" basalt of Platy, forming
1. the Ipiutaq Vol- stellate clusters. Subophitic.
canic Series,
Fine grained,dense,
2. sparsely porphyr- Sparse, blocky. Fully Ophitic
itic flows of the
upper part of the
Nunasarnaq Sand-
stone Unit,
"Star" basalt of
3. the lowest 100 m, Platy, forming Fully Ophitic,
of the Ilfﬁaussaq clusters.
Volcanic Unit,
, 4., Platy Basalt. Platy, flow Subophitic,
i aligned.'
‘
: 5. Big Feldspar Blocky and Platy Subophitic.
Basalt.

The "star" basalts, 1 and 3 above, cannot be disting-
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uished apart.in the fieid.

The basalt of the MusartSt sills is distinctly
different from almost all of the lavas. It is fine grained,
compact, very dark and nearly aphyric. Olivine is typically
absent and augite (subophitic) is very abundant. The sills
are characterised by the development of colummar structure,
which has not been recorded in the flows. These sills
represent an injection of a magma type quite different

from that of the extrusives.
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7. Analyses of Basalts.

Table 1,8

1 2 3
8105 - 46,46 47,41 46, 44
Ti0, 2,16 1. 96 1. 86
A1503 18.14 16. 50 17.01
Feo0g 10, 91 7. 42 9, 78
FeO 2. 87 4.82 4,12
MnO 0,13 0. 22 0.18
MgO 4.80 5. 85 4.82
Ca0 8. 65 6, 77 8. 14
Nag0 3. 58 BT 3. 30
K0 0, 41 1. 52 1.26
Poog 0, 37 0. 22 0. 26
COy 0. 00 - 0.00 0. 00
HpO4 1, 58 2. 64 2. 07
Hg0- 0, 27 0. 51 0, 34
s 0. 05 0,02 0, 04
ZrOg 0. 00 0. 00 0, 00
Ba0 0, 02 0, 02 0. 04
Total 99. 89 99, 65 99. 66

1. 3994l. Aphyric olivine basalt from the Ipiutag Vol-
canic Unit, Liocality: shore immediately west of northern-

P4
most extremity of Qeqertat islands, Ilimaussaq Peninsula,
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South Greenland.

Analyst: B, I. Borgen.

2. 39340, Sbarsely'porphyritic ophitic olivine basalt from
a fhih flow intercalated in the Nunasarnaq Sandstone Unit.
Locality: B50 m, altitude, 6.5 km, from Nasanguaq on a 138°
bearing, Ilfhaussaq Peninsula, South Greenland.

Analyst: B., I. Borgen.

3, 39944, “Star" basalt from 550 m, on the ENE ridge of
Nunasarnaq, ilfmaussaq Peninsula, South Greenland.

Analyst: B, I. Borgen.

The three Gardar basalts chosen for analysis are not
obviously weathered nor metamorphosed and represent some of
the freshest rocks available. Specimen 39941 is the
freshest of the three. The feldspar is only slightly
dusty and all of the pyroxene seems to be.preserved. The
pseudomorphs after olivine are composed of ore, chlorite
and quartz, the proportion of ore being unusually low.

A small amount of fine chlorite occurs in interstices of
the fabric and is probably deuteric.

Specimens 39944 and 39340 are rather more altered.
The plagioclase phenocrysts are quite heaviiy sericitised
and the groundmass feldspar more lightly altered. Aboutt
50% of the pyroxene remains, but there is a considerable
de&eelopment of chlorite throughout the rock, which may or
may not be of deﬁferic origin, Comparing the analyses of

these rocks against that of the fresher 39941, the higher



potash and lower FegOz : FeO ratio are the most striking
differences. The original potash content has probably

been added to, and is related to the development of

.sericite; the increase in potash may be due to mild weather-

ing (cf, Dennen and Anderson, 1962, p. 382), or to dilute
hydrothermal aolutions (cf. Schwartz, 1939).

The contrasting FegOz : FeO ratios are difficult to
explain, During hydrothermal alteration, basie igneoué

rocks might be expected to show a loss of Fet?

and a slight
gain of Fe**t (e¢f, Schwartz op.cit. p. 213), while oxida-
tion of iron is a common feature of weathering (cf. Macgre-
gor, 1928, p. 555). In the present instance, howev_er,

the freshest basalt alsoe has the highest FegOz : FeO ratio.
Macgregor (op.cit. p. 555) notes a similar anomaly.
Pallister (1952) pp. 346-347) discusses analyses of Jedburgh
and Markle type basalts in which the oxidation state of the.
iron is even higher than that of the Gardar basalts. He
remarks that thelhigh reiative percenfage of ferric iron,
together with the high water content, well reflect the
altered nature of the lavas, and agrees with Tomkeieff

(1945 p, 72) that the alteration is deuteric rather than

due to weathering.

It is concluded that the predominance of ferric iron
over ferrous iron in the Gardar basalts is due to deuteric
alteration and the Ko0 percentages of 39945 and 39340 may
be exaggerated by up to ca. 1%, Otherwise the analyses
probably reflect quite accura£ely the original chemical

composition of -the rocks, The ferric iron is evidently



located in the iron ores and examination in reflected light’
shows haematite to be abundant.

Norms of the analysed specimens are shown in Table 1.9,
The normative mineralogy contrasts strongly with the modal
. composition of the rocks (cf. Table 1.6).. The oxidised
state of the iron is chiefly responsible for this disparity.
If the total iron of the analyses is redistributed in a
ratio more typical of-normal basalts, viz. with FeO : Feg0, =
3 : 1, and the norms recalculated (Table 1.10), the normative

mineralogy agrees much better with the actual mineralogy.

1o



. Table 1,9

: - C.I.P.W. Norms of Gardar Basalts.

Normative 39941 39340 39944
Minerals.
—————3

q 1.3 - 0. 6
or 2e 2 9.5 7.8
ab 30, 9 32,0 27. 8
an 62. 5 25. 4 27. 8
ne - - -
wo S T : ¢ B 4,8

ai 6. 1 13,7 4.8
en 2.8 10, 2 -
fs - - -
en . 9. 2 - 12- 1

hy 9. 2 - 12. 1
fs . - - -
fo ' _ - 3.1 -

ol .- 3. 1 -
fg - - -
i1 4.1 3.8 3. 5
mt 1.9 T 10,7 - 8.6
h-e 9. 6 - 5. 8
ap 1.0 0.7 0.7

pr 0,1 - -




Table 1,10

C.I.P.W. Norme of Gardar Basalts

109

(recalculated with total iron redistributed in ratio

FeO : FegOz = 3 : 1 )

Normative

Minerals. 39941 39340 39944
aQ - - -
or 2,2 95 7. 8
ab 30, 4 30, 9 27. 8
an 32. 3 23.4 27.8
ne - 0. 6 -
wo 3e 3 3. 5 4.8
en ¢ di 1.6 6. 4 1.9 6. 8 2.2 9.5

' fs 1.6 1.5 2.5
en 2,6 -~ -
hy Be 1 - -
fs} 2.5} - -
fo} 5.5} 9.0} 7. o}
ol 11.6 ¥ 16.7 15.4

fa 6. 1 7.8 8. 4
il 4,1 3. 8 3.5
mt 4,9 4.4 5.1
he - - -
ap 1.0 0.7 0, 7
pr 0.1 - -
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8, _ Metamorphism

Metamorphic effects attributable to the Ilfhaussaq
Intrusive Gompléx extend for about 2 km from the cq_ntact
on the average. The immediate contact zone has not been
specifically investigéted, but so far as is known, high
grade recrystailised,hornfelses with pyroxene, biotite, etec.,
are of very limited.development. The indications are that
the contact temperatures have been relatively low,

Olivine basalt of the Ilfmaussag Volcanic Unit con-

stitutes the country rock along most of the eastern side

"of the intrusion. The transition from the normal country

basalt into the altered varieties of the aureole is grada-
tional; in the field, the appearaﬁce of epidote in vesicles
is usually the first indication. Nearer the contact, the
usual reddish or purple colour of the basalt changes to a
dull grey and the rock becomes more compact and resistant
to erosion, Even in the field it is noticeable that
epidote persists farthest from the contact in coarse, open
textured lavas such as the Platy Basalt and the Big Feldspar
Basalt and in porous flow tops and clastic horigzons. Thin
section study confirms that aiteration advances prefer-
entially in the less compact horizons,

In the series of specimens from the Tunuarmiut - 1035 m.
measured section (Table 1.4), samples equidistant from the
intrusion may show a very different degree of alteration,

As an example, specimens 39980 and 39981 w;ll be compared.

These specimens are from the Upper Basalt Division and have

already been referred to earlier in the petrographic section.
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39980 is one of the freshest basalts of the region,

The plagioclase occurs as well-formed rectangular laths and
1ls quite clear, apart from some patches of sericite in a
few larger laths. The pyroxene is almost completely
preserved. This rock is unusually fine grained and compact
and the plagioclase laths are only ca. 0.1 mm. in length,

Specimen 39981l 1s in complete contrast. It too is an
olivine basalt, but a coarse grained variety with plagioclase
laths averaging nearly 1 mm. in length. The plagioclase is
80 heavily dusted by fine chlorite and clay minerals that
the lamellar twinning is no ionger discernible on rotation
between crossed nicols. The margins.of the laths are
ragged and uneven, Pyroxene has been completely destroyed.
A few portions of grains are pseudomorphed by pale green,
fibrous amphibole, but most have been altered to a fine
grained felt of chlorite with coarse rods of iron ore.
Pseudomorphs after olivine, consisting of a single grain of
chlorite within an ere rim, are quite well preserved; in
some cases the chlorite is replaced by epidote. Epidgte,
Pleochroic from pale yellow to colourless, also occupieg
vesicular cavities.

In the majority of the metamorphosed basalts examined,
the pattern of alteration is similar to that in 3998l. At
a slightly higher grade of metamorphism albite begins to
appear, at first as irregular marginal patches around the
altered plagioclase grains (e.g. 59984). Pyroxene is
sometimes extensively pseudomorphed by é fibrous amphibole

which is pleochroic from colourless to very pale green
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(ef. actinolite)_and ofteﬁ sprinkled with fine ore. In a
few instances some pyroxene remains in association with

such pseudemorphs (e.g. 39984). Often, the pyroxene is
completely broken down to aggregates of fine grained altera-
tion products, including ore and material of high relief,
some of which is epidote and some possibly sphene (e.g.
39969),

In specimen 40276, a Big Feldspar Basalt from the
eastern side of Ilfhaussaq, just above the glacier, the
alteration products in the feldspar phenocrysts are concen-
trated into coarse grained aggregates of epidote and chlorite.
The plagioclase is relatively elear, with distinct lamellar
twinning, and albitic in composition. Some coarse granules

of sphene are present in the rock,

The highest. grade of metamorphism encountered in the
rocks examined corresponds to the albite-epidote~hornfels
facies as defined by Fyfe, Turner and Verhoogen (1958,
pp. 203-204),

The extent of the metamorphic aureole has been largely
controlled by the texture of the country rocks. In the
case of unusually porous horizons, the effects may extend
more than two kilometres from the contact. The heavy .
epidote mineralisation (sometimes with asseciated haematite)
found in the Platy Basalt horizon points to the easy passage
of a fluid, probably a hydrothermal liquid, through the

rock,



(¢) GEOLOGICAL HISTORY

The arkosic basal facies represents the in gitu
weathering products 6f the-basement graﬁite. With the
initiation of Gardar sedimentation great quantities of
quartz sand became available in the area and the basal
arkose passes up'to a pure sandstone., The sandstones
deposite& throughout the Gérdar Continental Series have a
vény limited petrographic range although soeme have been
deposited under water and others have been formed by
aeolian deposition. In the absence of some definitive -
structure such as sun-cracks, conglomerate or extrusive
lava (all of the lavas seem tb have been erupted under
terrestrial conditions), it is usually impossible to be
certain in which environment a particular sandstone has
been laid down.

The depositional environment during Gardar times was
probably comparable to that of the 0ld Red Sandstone or the
continental facies of the Permian and Trias (cf. Ussing,
1912, pp. 18-24 snd 284), cénsisting of a sandy desert
landscape with impersistent shallow lakes.

The Msjﬁt Sandstoné Unit represents a period of sand-
stone accumulation unbroken by tectonic movement or volcanic
activity in this area. This was followed by a period of
tectonic unrest throughout Musartﬁt times, indicated by
the existence of a small angular unconformity at the base
and the repeated occurrence of conglomerate beds. The
earliest manifestation of wvulcanicity appears rather more

than half way up the Unit with the extrusion of the thick

[N
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flows of olivine basalt which outcrop at Musartﬁt.

The Naujarssuif Sandstone Unit was deposited during
an extended period aimost free of tectohic disturbance and
volecanic activity. The lavas of the Ipiutaq Volcanic Unit,
which-follows, were erupted rapidly and extrusion of lava
outstripped the deposition of sandstoene, During Naujars-
suit Sandstone times volcanic activity waned. Localy
minor flows -were extruded from time to time in & sandy'
desert environment. One of these was of lamprophyric

composition.

The base of the Ilfﬁaussaq Volcanic Unit marks the
commencement of a period of intense volcanic activity.

The area must have been a volcanic field for a very long
time, Occasional thin intercalations of wind-blown sand
indicate that psammitic sediment remained continuously
available elsewhere in the region, during this period,

The conglomerate, followed by sandstone, which outcrops
near the 1455'm. point of the Summit Plateau, indicates a
return to subaquaeous sedimentation after the extrusion of
a lava pile 1000 m, thick,

All of the lavas were extruded terrestrially, so far
as is known. The "tilestone", believed to be a ﬁyroclastic
product connected with carbonatite - ultramafic vulcanism,
was deposited, in part at least, during a period of local
submergence. The olivine basalt vulcanism was only rarely
explogive and the thin, discontinuous bed of basaltic pyro;
clastics developed developed locally ca. 100 m. above the

base of the Ilfmaussaq Volcanic Unit is the only well



documented example.

"The éonglomératic intrusive breccia, the basaltic sills
and the syenitic sill are all cut by the regional swarms of
basic and alkaline dikes, The basaltic sills are shown to
be younger than the intrusive breccis. These consgiderations

eside, the latest period at which the intrusives could have

.been emplaced can not be fixed more accurately.

=
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CHAPTER 11

Geology of the Area West of the I;imaussaq,Intrus;ze Complex,

.(with notes on the areas of Gardar strata in the roof zone

of the Complex, )

West of the Ilfmaussaq Intrusive Complex, strata of the
' Gardar Continéntal Series are dissected into a mosaic of
minor sub-areas inclining in various directions and-depressed
or elevated with relation to one another. A-great part of
this country must be underlain by younger glkalihe rocks of
the Ilfhaussaq and Narssaq intrusive complexes. The Gafdar
Strata which roof these plutons are faulted, tilted and ip
many instances penetrated by the intrusives. The earlier
gabbroic intrusions are mainly concordant with the strata
while the later alkaline intrusions tend to be discordant.

‘The six main sub-areas are shown in Figure é.l.

Sub-area (1).

The strata of this narrow sub-area are in continuity
with those of the main part.of the Peninsula (Chapter I)
but their dispositién is virtually horizontal. The top of
the Nunasarnag Sandstone Unit coincides approximately with
‘the 550 m, contour and is overlain by "star" basalt of the .
Ilfﬁaussaq Volcanie Unit,

This sub-area is separated from sub-area (2) by a 70°
hinge fault. ' Upthréw on the northern side has led to the
horizontal disposition of thé strata in sub-area (1). The

maximum throw is of the order of 500 m, and occurs in the



south~-west, To the north-east the throw decreases and the

fault dies out somewhere on the northern flank of Steenstrup.

Sub-area (2).

Strata of this sub-area are in continuity with strata
of the main part of the Peninsula and maintain a similar
low dip towards the south, The stratigraphical succession
foﬁnd around the Summit Plateau is repeated here, with
successively higher horigzons being exposed in the down-dip
direction and at lower altitude i.e. towards the south and
west, On the western side of Steenstrup the Platy Basalt
horizon is developed, somewhat displaced by 50° faults.
Further west, the volcanics are increasingly metamorphosed
and veins and small irregular intrusions of alkaline plutoniec
rocks appear. On the eastern side of Fox Mountain four
horizons of Fox Mountain porphyry with thicknesses ranging
from 3 m., - 20 m, are intercalated in fine grained meta-
volcanies. Further intercalations of this rock type are
found immediately south of Fox Lake and on the north-east
side of Triangle Lake,

About 800 m. south-south-east of Fox Lake there is an
area of ca. 1000 square metres of sediment, A conglomerate
bed ca., & m. thick, containing pebbles of basalt and finely
porphyritic red trachyte is followed by bedded sandstone,
The total thickness of sediments is 256 m - 30 m;. Strikes
and dips of §5°/15°S_and 70° /12°8 were recorded. This
sedimentary horizon is correlated with that on top of the

Surmit Plateau (Chapter I).

[y



It is not certain which rock succeeds the sediments.
To the south and west oObscure, réddish, fine grained types
and fine porphyries outerop. Some of these are intrusive
towards the sediments. These rocks extend over a consider-
able area to the west. Not all are intrusive, however,
and sandy iﬁtervolcanic horizons have been recorded at
several places., Westwards, a distinctive rhomb-porphyry
is developed; (a similar rock in sub-area (5) is extrusive).
In the extreme west, corresponding to the highest strati-
graphic level, basaltic types outcrop. ' These are open
textured, greyish rocks and their appearance contrasts with
the red or purple colour and compact fabriec usual in the
types described above,

Allowing a 10° dip, it is estimated that the thickness
of volecanics which overlies the conglomerate horizon is

approximately 175 m,

Sub-area (3).

The strata in this small sub-area atrike 110°-115° and
dip south-west at 40°, The. lowest distinctive horizon
seen 1s Platy Basalt, which outcrops on the hillside above
Sermilik., This is followed by thin flows of olivine basalt
and the succession is terminated by a band of fine conglom-
erate which extends westwards from Trigngle Lake, No
alkaline volcanics occur and this sedimentary bed is probably
intercalated near the top of the Upper Basalt Division of

the I1{meussaq Vodcanic Unit.

[
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Sub-area (4).

A number of small areas of volcanic and sedimentary
rocks occur isoiated in the nepheline syenite of Kvanefjeld
and are probably roof-pendants. The country rock has been
intensely altered. The rock types still reéognisable are
cénglomerate, unusually coarse "star"'" basalt and rhomb-
porphyry. The "star" basalt finds no exact parallel in
the known Gardar Continental succession and may represent

some intrusive type.

Sub-area (5).

Well stratified rocks of the Gardar Continental Series
outerop on the steep hillside above Tunugdliarfik between
the Il{haussaq Intrusive Complex and the intrusives of the
Narssag region. There is a dip of about 5° to the north-
east,

' At the south-west boundary, 60 m, - 80 m. of sandstone
is exposed above the fjord. This is overlain by "star"
basalt of the Ilfﬁaussaq Volecaniec Unit, The plane betﬁeen
the tworrrock types dips into the fjord nearly 4 km, north-
east of Nﬁgﬂ%ssuk (the headland east of Narssaq). At
this point a traverse was taken directly uphill. Expesure
is very poor because of seree and vegetation; very limited
observations were possible and the following section is

far from satisfactory.



Table 2.1

Measured Section on Hillside above Tunugdliarfik,

metres

Above 620

450-620

2656-450

250-255

150-250
10-160

ca, 4 km, North-East of Nﬁgﬁrssq&;

Rhomb-porphyry

Various finely porphyritie volcani_cs, mostly

of alkaline types.

The conglomerate is succeeded by a vesicular
trachyte. Above come fine volcanics with

occasional thin intervolcanic horizons. At
340 m, there is a layer, a few metres thick,

of cf. Fox Mt. Porphyry.

Conglomerate, with pebbles and cobbles up to
15 em. in didameter. Those at the b_ase are
poorly rounded, but rounding improves upwards.
Most of the pebbles are of basalt, a few are
df cf. Jasper; no sandstone pebbles were
observed. Other rock types, provisionally
identified in the pebbles, are syenité,

trachyte and rhyolite,

Fine, grey, aphyric basalt.
"Star" basalt, without any visible break. At

150 m, there is a tenuous horizon of sand or

N



sandy tuff which coincides with a marked

break in the slope.

O0- 10 Quartzite.

BASE

Platy Basalt was not recorded in this section, but the
horizon might well have coincided with one of the numerous

interruptions in exposure.

Fine grained, porphyritic rocks, mostly alkaline in
type, occur on the 600 m, ridge overlooking Tunugdliarfik,
in the Fault River vélley and in the Canyon River gorge.
The rocks are strongly metamorphosed and their relation-
ships are frequently obscure, In particular, it is some-
times impossible to be certain whether the rocks are intru-
sive or extrusive. The most abundant variety is a very
fine grained, deep red rock with tiny pink phenocrysts
which resembles the porfido reeso antico of the ancient
world,

Occasional thin, sandy intervolcanic horizons testify
that the rock'was at least locally extrusive. Rhomb-
porphyry is anothbr 1@portant variety of the alkaline
extrusives. It, too, contains some inter-stratified sandy
material. A few small outcrops of Fox Mt. quphyry occur,
and hybrid varieties between this type and rhomb-porphyry

have been recorded in which rectangular plagioclase pheno-
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crysts and rhomb-ghaped phenocrysts of alkali feldspar co-

exist in various proportiomns.

The stratigraphy of sub-areas (1) and (2) corresponds
well with that of the country east of Il{maussaq (cf.
Chapter I). That of sub-area (5), however, shows some
outstanding differences. The total thickness of strata
of the Il{maussag Volecanic Unit preserved in sub-area (5)
is approximately 700 m.. Rhomb-porphyry occurs ca. 600 m,
gbove the base of the Unit, Elsewhere, this rock type
occﬁrs above the stratigraphic level of the Summit Plateau

sedimentary horizon; in sub-area (2), it is judged to occupy

124

a horizon ca. 100 m. above the sedimentary bed. The "star".

basalt of sub-area (5) is undoubtedly the equivalent of the
iower part of the Lower Basalt Division, while the alkaline
volcanics which occur above 255 m., (Teble 2.1) invite
correlation with the Porphyry Division. In sub-area (5)
there appears to be a major reduction in thickness of the
group of basalts which, east of Ilfﬁaussaq, comprise the

aphyric upper part of the Lower Basalt Division,

The situation cannot be resolved further, pending
recognition of marker horizons in the succession on the

hillside overlooking Tunugdliarfik in sub-area (5).

Sub-area (62.

The southern face of the mountain Q§q3bssuaq is very

steep, with many stretches of sheer cliff., At the base,



"between 100 m, and 200 m,, there is a great seree, which is

Mive', To the south, there is a triangular piece of land
with very subdued topography, some 2 square kilometres in
area, The southern apex of the triangle 1s the headland
Nﬁgﬁrssuk (not to be confused with a headland of the same

name near Qagssiarssuk). Here, Basement granite is exposed,

The granite is overlain by srenaceous sediments of the
Gardar Continental Series, which dip at ca. 5° toward the
north, The basal facies, which has a maximum thickness of
ca. 10m, is an afkosic grite. The lower part of the grit
is indistinguishable from the granite and has evidently
formed by the in situ disintegration of the crystalline rock,

Local hollows in the pre-Gardar surface are indicated.
These have been filled up by arkose prior to the main
deposition of transported sediment. The grit is succeeded
by a red, cross bedded sandstone with a maximum thickness of
5 m, ; the transition is quite sharp. The red sandstone is
followed by 80 - 100 m« of white sandstone. Locally, the
rock is coloured purple or green and in one instance 1t was
seen to be recrystallised to a coarse quartzite. These
effects may be related to younger plutonic and hypabyssal
intrusions of the area. A few thin, dark bands may repres-
ent accumilations of fine.volcanic ash,

About 100 m, above the base of the Gardar Series, there
is a bed of volcanic breccia, The matrix is a black, fine
grained dense material,.often highly magnetic. The blocks

are sharply angular fragments of quartzite or sa_ndstone up



to 0.5 me across, The igneous matrix is intensely altered,
probably by an underlying body of gabbro. Comparison with
similar, though less altered rocks at Nunasarnaussaq (Chap-
ter III) indicates that it was probably of lamprophyric
composition,

This bed can be followed from west of Narssaq Lake
almost to Tunugdliarfik, The maximum width of outcrop is
less than 100 m,. Thickness is uncertain, since the top
is usually eroded away; it probably does not greatly exceed
bm. It is unknown whether the breccia is of intrusive
or effusive origin.

Above this horizon, observations have been severely
restricted by alluvial deposits on the low ground and scree
at the foot of the mountain, The breccia is probably

succeeded by ultramafic pyroclastics. A deeply weathered,
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metamorphosed volcanic breccia is exposed for several hundred

metres north of the Factory adjacent to the gabbro, which
intrudes it. The groundmass, which appears to be tuff-
aceous, contains relatively few blocks of quartzite, Most
of the inclusions are of dark, basic igneous rock, quite
well rounded.

This breccia is succeeded by fine, banded tuffs. The
bands are alternately pale green and black and seldom more
than a few centimetres thick. A rock of identical appear-
ance from Nunasarnaussaqg has lamprophyric affinities.
Similar banded tuff also outcrops on the hillside above
Nérssaq Lake, |

Uphill from the Factory in a north-east direction,



just east of the younger alkaline intrusives, tuff is
developed sﬁeradically to 216 m,. Between 100 m. and

200 m, the strata are extensively ve_ined and disrupted by
alkali granite. Blocks of quartzite and metavolcanic rock
occur in the granite. It is probable that the succession
contained layers of sandstone. Above 215 m, there is fine
greined quartzite with minor dark bands, possibly of tuff,.
The section is again interrupted by intrusive grani_te at
260 m, . Above, quartzite xenoliths are common in t_he
intrusive, At ca, 300 m, there are some large xenolithiec
bodies of hornfelsed, basic volcanics in the granite.

Some distance to the east, a bedded volcanic breccia
outerops at 140 HL.. Sharp fragments of dark basic rock
lie in a pale, fine grained matrix, Above, quartzite gyut.
crops at ca, 200., overlain by a fine grained, basic
volcanic type; both rocks are strongly intruded and breccia-
ted by granite. A basalt which approaches "star" basalt
in appearance. has been recorded at 230 m.. .

The southern face of Qéqabssuaq is a great breccia
zone in which a succession consisting of sandstone, tuffs
and basaltic lavas has been broken up and penetrated by
alkali granite, No great stratigraphical signifiéance
éan be attached to included blocks, for these may have been
carried above or below their original horizon by the erup-
tive magma.

A highly schematic stratigraphic succession is illus-

trated in Fig, 2. 3.
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. The hase of the Gardar Continental Series, exposed on
the iowlands below Qé@ﬁbssuaq, is at the same topographic
level as the upper part of the Nunasarnaq Sandstone Unit
of subsarea (5), which outerops nearby on the coast of
Tunugdliarfik., The great difference in stratigraphic
level between these adjacent areas is explained by an east-
west fault along the south face of ngabssuaq; the site of
this fault is now occupied by infrusive alkaline rocks.
Based on the stratigraphic succession east of Ilfmaussaq
(see Chapter I) there is & southerly upthrow o_f ca. 2 km.
on this fault. Comparison of the Gardar succession of sub-
area (6) against that of the MAJit ana Musert8t areas (cf.
Chapter I) indicabes that the lower Gardar succession in
the Narssaq area may be considerably condensed, compared
with the other areas; accordingly, the upthrow may be much

less than 2 km..
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Gardar Volcanic Strata in the Roof-Zone of the

Ilfhaussaq,Intgps;ve Complex.

Isolated areas of metamorphosed volcanic rocks on
the mountains Haftén and Nékﬁlaq are interpreted as parts
of the roof of the Ilf%aussaq Intrusive Complex which have
escaped erosion. The volcanics comprise rhomb-porphyry
and other alkaline varieties resembling those developed in '
sub-area (5), (above), north-east of Qag&rssuag. There
can be little doubt that these rocks represent parts of the
Porphyry Division of the Ilf%aussaq Volcanic Unif strati-
graphically higher than the succession on the eastern
margin of the Cemplei. It is probable that these outliers
have subsided some 300 m. -400m. relative to the stpata of

the country north and east of the Intrusive Compléx.
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CHAPTER III - THE NUNASARNAUSSAQ AREA

(a3} GEOLOGY

Lavas and sandstones of the Gardar Continental Series with

a total area of ca, 9 square kilometres are preserved on the
south-west flank of the'Il{ﬁaussaq Intrusivé Complex between
Tunugdliarfik and Kangerdluarssuk (fjords). The flat topped
mountain NUnasarnausééq (755 m. ) is dapped by basalt, which hes an
area of ca. 2 square kilometres. Onl& the mountain and its
immediate surroundings have been visited by the author during
brief visits in 1959 and 1962. The boundary of the Continental
Series against the Basement was previously established by other -
members of the Survey ( H. K. Schmidt, P. Ahrensen and others).
The strata have an overall east-west strike and dip northwards
at 10°-15°, |

. The Gardar basal unconformity has been examined at 380 nLI
where it outérops on a spur on the south side of the mountain,
The actual basal plane cannot be defined within several decimetres
since the lowest metfe of sediment is an arkosic grit, formed of
weathered products of the underlying granite, from which it is
scarcely distinguishable. Peﬁbles of quartzite included in a
rock which to all appearances is grénite emphasise this
phenomenon.

The main features of the stratigraphy of Nunasarnaussaq are






described by Ussing and a measured section on the north-western
slope is récorded (Ussing, 1912, pp. 56, 57, 60 and 61). Four
measured sections taken by the author are represented in Fig 3.2
together with that of Ussing. The sections are ail taken on
steep or very steep ground and the stratification is inelined

at a small angle to the horizontal - accordingly, the thickness
recorded departs oniy slightly from true thickness values.

About 200 m, of sandstone with localised, coarse
conglomerate horizons is succeeded b& ca, 100 m. of tuff and
sandstone in rapidly alternating layers. The stratification
of this group of beds is very regular, emphasised by the colour
.contfast between the dark tuff and the pale sandstone, and can
be seen distinctly on the hillside from a considerable distance
(Fig 3.1).

The nature of the pyroclastic beds is best illustrated by
excerpts from measured sections, The following data are from

sections (2) and (4) (Fig 3.2).

Table 3,1

Part. of Measured Section (2) on the west side of Nunasarnaussag

TOP
Metres.

500-502 Tuffaceous sandsione.

490-500 Not exposed.
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476-490

452-476

426-452

400-425 -

397-400

360-397

34.0-360

Sandstone, with an admixture of ash which increases

upwards until sand and ash are in egual proportions.
Very fine basic lava or tuff (31302).
Not exposed.

Alternating 0.5 m, layers of very fine, dark tuff

(31302) and fine 'sandstone.

Dark, very fine grained tuff (40300); upwards, fine
sand intercalations appear (31301), followed by a

10 em, layer of coarse sandstone containing fragments
of quartzite and sandstone, This is succeeded by a
fine, purple tuff with sandstone blocks ca. 10 em, in

diameter.
Rather coarse sandstone.

Conglomerate, passing up to poorly exposed coarse
sediments. The conglomerate has a sharp uneven‘
contact against the undérlying quartzite-like sediment.
It consists of very well rounded pebbles, cobbles and
boulders of guartzite 5 - 20 cms. in diameter (most
are ca., 10 em, in diameter) together with markedly
angular fragments of fine grained, dark purple or
black tuff up to 10 cm. across. The matrix is a
mixture of tiny tuff fragments and quartz grains, the

latter often large and notably glassy in appearance,

BASE
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Table 3.2

Part of Measured Section (4) on the south-west side of Nunasarnaussaq,

Metres.

620-640

617-620

613-617

610-613

600~610

565-600

550-665

TOP

Sandstone with occasional thin partings of fine grained

tuff,

Greenish black compact tuff. -The uppermost O, 5 m,

is fragmental.
Sandstone.
Fine, red sandy tuff,

Ca., 5 m. of fine grained, greenish black tuff or basic
lava with fine, irregular pale veins is overlain by
5 m, of similar material in which the veining is

parallel to the stratification;
Sandstone,

Alternating layers of (i) pale, creamy-coloured tuff
or sediment containing large quartz grains and (ii)
deep red to purple, fine grained tuff also containing
quartz grains, The thickness of the layers ranges

from less than 10 em. to ca, 1 m..

BASE
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The highest pjroclastic layer is followed by 10-- 30 m, of
tuff free sandstone or quartzite. This 1is succeeded by the
lowest sill or flow which Ussing (op. cit. p. 61) describes as
"a dark reddish grey, dense rock, almost felsitic in outer
appearanée and probably an.altered tephritic type". According
to Ussing it occurs as an intrusive sheet almost 20 m, thick
and of great regularity. In section (2), Fig 3.2 a very fine
grained dark igneous rock with sparse, blpcky white phenocrysts
of feldspar 0.5 - 1 cm., long, was observed at the corresponding
horizon (specimen 31305). The rock, although strongly meta-
nbrphosed, is identified as an alkaline variety c.f. trachyte
(see petrographical section, below). Most of the volcanic
layer is poorly exposed; the uppermost 2 m. contains partings
at 5 - 10 cm. intervals, parallel to the general stratification.
The total thickness of the layer is 256 m,. It is possible that
more than one igneous horizon is present,

In section (Q)f an aphyric igneous rock of basaltic aspect
was recorded. The upper part contains low-angle, parallel
cleavage planes, In sections (4), the corresponding layer is
of aphyric'basalt. No partings were observed. In section (5)
the rock is a compact aphyric basalt with numerous vein-like
pa@,tings. The upper contact, which is éxposed, is intrusive.

Summing up, it appears that in its principal development
at least, thé layer is an intrusive sheet of compact, aphyric
basalt which tends to develop a cleavage toward the upper contact.
The porphyritic alkaline rock of section (2) is very similar to
a dike rock encountefed elsewhere in the region, which is younger

than the Gardar strata preserved here. A s8ill of the alkaline
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type may underlie a sill of the compact basalt at t his locality
and continue north and east to section (1) (Ussing's measured

section),

The next igneous layer is of olivine basalt. It rersists
éround the western side of the ﬁountain with thickn_esses ranéing
from 20 m. - 60 m, (op. cit. p. 61) and wedges out at the south-
west corner of Nunasarnaussaq. The upper. contact has not been
geen and it is not certain whether the iayer is a sill or a flow.
(Ussing refers to the sheet as a sill, but his distinctions

between intrusive and extrusive layers are generally unreliable).

Ussing states that the basalt which forms.the top of the
mountain is ébout 150 m, thick, This value is cohsidered unduly
high and it is unlikely that the thickness exceeds 80 - 100 m..
Th¢ basal contact is irregular with local dips and hollows.

At the base, the basalt is chilled to a dense, fine grained
facies nearly 2 m. thick. Proceéding eastwards from (4) towards
the highest point (755 m.) the rock above the basal facies is at
first aphyric, a rather coarse, open textured variety which
weathers to a pale grey colour and is purplish-green when freshly
fractured, Some 20 m, - 30 m. higher in the successioh, the
rock develops a porphyritic character with the appearance of
small platy phenocrysts of plagioclase. These become
progressively more abundant and'show a tendency toward
aggregation, forming stellate aggregates. The basalt of the

upper 20 m, is a "star" basalt, resembling the "star" basalts
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of the Ilfﬁaussaq Peninsula. There is a rough stratification.

in the basalts of the summit plateau, producing layers ca, 5-HL
thick which probably represents individual flows; however, no
definitive extrusive structures have been seen, Ussing (op. cit.,
P. 210) reports that a flow-structure can be seen in some places

near. the sumnmit.

(b) PETROGRAPHIC NOTES.

In view of the proximity to the Ilfmaussaq Intrusive Complex,
all of the rocks described are altered to a greater or less
extent. .Alteration is least in the vicinity of-section (4).'
where some of the tuffs are red in colour (cf. the "tilestones"
of the Ilfhaussaq Peninsula); elsewhere they are deep purple or
greenish black, Towards the contact the sandstones are
recrystallised and eventually a tough, vitreous guartzite is
produced, The distinction between sandstone and quartzite in
the text above is based on field appearance only.

The limited number of thin sections available are from
measured section (1) (see Table 3.1), with the exception of

specimens 31307 and 31308, which are lavas from near the summit.

40300 This specimen is of a dark basic rock which has been

altered to a mass of iron ore and fine clay minerals. There
are numerous pseudomorphs after olivine crystals, mostly anhedral,
though a few are subhedral with a suggestion of polnted

terminations, These grains make up about half of the rock;



few are more than O, 5 mm, long. In addition, there are faint
-traces of narrow, lath shaped grains up to ca., 0.5 ni, long.

There is a suggestion of direction in the fabric; this
could be evidence of flugion gstructure in a flow or sill, or
of bedding in a tuff, In composition, the rock may have been
a Kimberlite or a picrité-basalt. Alteration is so far advanc_ed
that neither of these points can be decided. Specimen 31303 i_s

similar.

31301 In thin section, highly corroded grains of quartz and
small fragments of quartzite afe seen to be set in a matrix of
fine clay minerals and silica. Part of the matrix is heavily
dusted with fine ore and shows an irregular, swirling, sometimes
cross~-cutting stratification which may indicate post-depositional

slumping.

31302 This greenish black, fine grained rock has a banded
appearance produced by pale green, vein-like structures ca..2 mm,
thick, set at intervals of ca. 0.5 cm.. It is believed to be a
metamorphosed lamprophyric tuff, The rock is now largely
composed of tiny, pale green grains of cf. diobside with some
perthitic feldspar, particularly in the "veins'. The original
minerals are now practically obliterated, save for some ore
grains and pseudomorphs after olivine. The latter are preserved
in outline by tiny granules of garnet and sometimes enclose
"diopside" or occasionally alkali feldspar. The pseudomorphs
are near euhedral with pointed terminations and are mostly less

than 0, b mm.‘in length.



31306 The bulk of this rock is formed by extremely narrow
laths of low relief feldspar which has rather uneven extincti on
but occasicnally shows suggestions of perthitic structure. The
laths, which have very.ragged margins, occur in a range of sitzes
up to 2 mm, long. There is no sign of directed fabric; instead,
fhe laths tend té be'arranged in radiating groups. The mafic
minerals which occupied the small narrow interstices have been
altered to fine grained indeterminable material of high relief,
There is also a sprinkling of fine ore. Harker (1954, p. 158

Fig 65 A, ) figures a trachytoid phonolite with similar texture.

31306 This rock, originally a medium grained olivine basalt

from the uppermost of the two basaltic intercalations, has been
altered to a mass of fine grained clay minerals and iron ore.
Even the outline of the plagioclase laths is virtually obscured.
Groundinass grains of olivine are outlined by ore. About 15%
of original olivine is indicated. The grains are anhedral énd
grouped in irregular clusters; their habit is quite distinct

from that of the olivines in lampropnyric rocks of the region.

31307 This rock is an aphyric olivine basalt. The plagioclase
laths show poor size sorting and are up to 1 mm. in length.

There a;e large, interstitial to sub-ophitic pyroxene grains
partly preserved and partly altered to pale green amphibole.
Olivine grains pseudomorphed by ore and chlorite are very
abundant; they are large, often occur in extensive giomero-
porphyritic groups and must constitute at least 15% of the rock

modally.

143
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31308 Although much more altered than rock number 31307, this
rock has been essentially similar. The plagicclase laths show
an even greater range of sizges; the majority are'from 2 mm, -

0.2 mm, in length and in addition there are some larg er grains »

up to 1 - 2 cm, across. These phenocrysts are not very sharply
demarcated from the groundmasg grains with regard to size. In
field appearance this rock is classed as a "star'" basalt. In

thin section it is apparent that its affinities lie with the
"star" basalt of the Ipiutag Volcanic Unit (characterig ed by
interstitial to sub-ophitic pyroxene and rather coarse groundmass
feldspar with poor size sorting) rather than the "star" basalt
of the Ilfmaussaq Volcanic Unit in which the groundmass feldspar
laths sre very tiny and the pyroxene greins notably ophitic.
Ussing (op. cit. pp. 210 - 213) describes basalts from the
top of Nunasarnaussaq which resemble specimens 31307 and 31308,
and provides an anaiysis of a typical example. On the basis of
the chemical composition, he then classifies the rock as a
trachydolerite. In view of the known metamorphic history of the
rock, this nomenclature is misleading and the roeck is betfer

referred to as a metamorphosed olivine basalt.

(c) GEOLOGICAL HISTORY

When Gardar sedimentation in the area commenced, the old
Basement land surface was deeply weathered and mantled in
decayed granitic material,

Approximately the lowest 200 ms of the series is of
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sandstone, free from volcanic material. The conglomerate
horizons point to occasional tectonic activity and indicate
subaqueous deposition.

The stratified sandstone and pyroclastic sequence is evidence
of persistent explosive volcanic activity. Some of the pyro-
clastics have been nearly pure volcanic ash, probably lamprophyric;
others, of the '"tilestone" type, contain a considerable amount
of fine, clastid sedimentary material also probably of pyrocléstic
origin. A conglomeréﬁic agglomerate is recorded in which well
rounded pebbles and cobbles of sedimentary rock are set in
angular fragments of tuff, The thinness and regularity of the
alternating sand and tuff horizons in parts of the sequence
indicates a cyclic pattern ofceruption.

It is probable that most of the tuff was laid under water
and pyroclastic and sandy material are frequently combined in a
manner which points to contemporane_ous deposition rather than
mixture by reworking.

The period of persistent explosive volcanic activity was
succeéded by a period of volcanic quiescence in the ares, Both
of the igneous intercalations in the succeeding sandstone are
Probably intrusive.

Presently, volcanic activity was renewed, this time
characterised by the extrusion of olivine basalt. No pillow
lavas have been recorded, so it is assumed that the extrusion
took place under continental conditions.

Intercalations of continental sandstone bet@ieen flows have
not been recorded; this may imply that the flows followed one

another in rapid succession.
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CHAPTER IV. THE IGALIKO AREA.

(a) aEOLOGY

Initial mapping of the area was carried out by V. Poulsen
in 1961, The authdr spent two and a half days there in the
following year, paying particular attention to the three lowest
volcanic horizons on the slope south~west of Igaliko village;
in addition, a brief excursion was made to the volcanic layers
in the west of the ares.

The accowmpanying map (Fig. 4.2) is essentially that prepared
by Poulsen, with.omission of the dikes and slight amendments to

the boundaries of the lower volcanic horizons.

Basement granite occurs in the low ground around the head
of Igaliko Fjord. The basal facies of the Gardar Series is

infrequently exposed. In most respécts'the earliest Gardar

" sediments at Igaliko (i.e., those which underlie the lowest

volcanic horizon) resemble those of the ngﬁt Sandstone Unit

on the Ilfﬁaussaq Peninsula (cf. Chapter I). Due to faulting,

the full thickness is not exposed in this area; a thickness of
some 100 m. 1s exposed above Igaliko village. Here, the upper
part closely resembles the development at Sitdlisit (ef. Chapter
I), There are horizons with ripple-marks and conglomeratic
beds wi;h small pebbles of sedimentar& rock types. .Varieties

similar to the "Igaliko Sandstone" also occur. Above the

lowest effusive horizon, the sandstone becomes coarser and
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occasionally conglomeratic,. No coarse conglomerates similar
to-those of the Musartldt Unit. are seen (ef. Chapter I). The

¢ _
above paragraph summar%gs observations by V. Poulscn (1961).

The hillside south of Igaliko village has 2 distinct:
“terraced apﬁearance as the result 6f the different rates of
weathering of the alternatihg sedimentary and volcanic horizons.
The compact, intrusive basalf is the most resistant rock, as a
rule, and produces the most pronounced features.

The lowest three volcanic layers above the village are of
rather mdre compiex structure than local inspection woud
indicate. All appe_ar -to be composite and while the overall
thickness may be rather constant;'the thickness of the individual
éomponeﬁts is subject to'éonsiderable variation, -

In the field, a preliminary'subdivision of the layers into

components ig readily effected, viz.:

(1) dark; gréehish, compact basalt, aphyric and fine grained,
“often colunmar, usﬁally quite_frésh in- appearance.

(ii) reddish brown, deeply weathered rdcks, sometimes showing

spheroidal exfoliation. While the natﬁre of the rock type is

generally obscure in outcrop, there is ofteh a superficial

resemblance to tuff, Certain layers are distinectly fragmental

and locally the fragments may be of a size suggesting a comparison

with agglomerate. ~ Compact and vésicular layers also occur; it

was suspected in the field %hat certain of these might prove to

be lavas and subsequent thin-section examination haé shown them

to be meta-olivine basalt.
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Table 4.1

The (N) and (8) Stream Sections

About 1 km. south of Igaliko village, two parallel streams
about 200 m. apart flow north east down the hillside. Both are

quite deeply incised and exposure is reasonably good. A

. composite stream profile was taken, changing from one stream to

the other as exposure directed. For convenience, the streams
are named "(N)" and "(8)", being the more northerly and more

southerly streams respectively (see IMigs. 4.3 and 4.4).

TOP
Metres
2056-250 Sandstone,  Above the third volcanic horizon,
exposure is very limited. The important 85° fault

which crosses the streams at 250 m. may be taken as

the upper limit of this succession.

195-2086 Volcanic Horizon (3)., A 10 m. thick layer of tuff-

like rock. The lower part resenbles Volcanic Horizon
(1), shows vesiculér development and seems to'consist
of a series of layers ca, 2 m, thick (probably a
succession of flows of olivine basalt); spheroidal
weathering is common, The top 2 m, of the horizon

is -of quite a different nature, being distinctly
fragmental and resembling agglomerate. The fragments,

which are dark purple or nearly black, range in sige
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from ca, 10 cm, down to tiny pellets 1 mm. in diameter.
The fragments are sub-angular to well rounded. Shape
is usually elongate and the 1oﬁg axes tend to be
orientated parallel to the stratification. The
fragments are very closely packed, without any obvious
systematic size-sorting, in a fine-grained pink matrix,
Small, anhedral bodies of green(chlorite) and pink
(alkali feldspar) material, a few mm, in diameter,
fleck the rock. The mode of formation of this rock-

type is uncertain (see petrographic section below).

Sandstone, ,with occasional pebbles. At 190 m., there
is a 1 m, layer of "puddingstone", a fine conglomerate
with numerous well-rounded pebbles of white quartz and
red chert-like material, No volcanic pebbles have

been seen.

135-160 (S) Voleanic Horizon (2). Dense, compact, fine-grained

80-~-135

60~

80C

basalt with well-developed colurmar structure. The

colurms are ca., 30 cm., in diameter.

The "tuff" is succeeded by a coarse, arkosic sandstone
with frequent impersistent layers of well-rounded

sedimentary pebbles seldom exceeding 3 cm. in diameter.

Volcanic Horizon (1), A compact, dark, fresh-looking

basalt layer 6 m, thick is overlain by a red tuff-like
rock 10 m., thick. The "tuff" has a 3m, thick
vesicular layer nesr the top (meta-olivine basalt).

The uppermost part of the tuff is much veined by
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proportions of lava and clastic rock are unknown,

Volcanic Horizon (2). In the stream section, a layer of compact,

columar basalt is the sole representative of this horizon., To
the north west, however, the horizon becomes composite. Aba_ut
250 m, north west of stream (N), between the most southerly of
the three parallel 80° faults and the next fault to the north,

7 -~ 8 m. of compact basalt is overlain by &3 m. of a tuff-liﬁé
rock, Beyond, as far as the northerly 80° fault, compact
basalt occurs and is gbout 30 m, thick. Beyond this fault, the
horizon becomes more complex; poor exposure and two intersecting
dikes tend to confuse the picture.

A small body of monchiquite lies immediately north o_f the
northerly fault, This heavily altered rock is closely similar
in appearance to that found at Sitdlisit and Qagssiarssuk. The
rock has been subjected to intense cross Jjointing which tends
to split it up into small blocks (Fig. 4.5). The outcrop is
only a few square metres in extent; to the north, a red tuff-like
rock has a sharp, apparently intrusive contact against it. About
2 m, thickness of this rock is exposed (the base is drift covered).
It is a compact rock, containing sparse, anzular fragments of
sandstone.,

This is followed by a b m. layer of a conglomerate-like
rock which has many features in common with the volcanic breccia
and "conglomerate" at Sitdlisit (Chapter I). Well-rounded
pebbles and cobbles of quartzite and sandstone, large angular
blocks of sandstone and rounded blocks of monchiquite are closely

packed in a matrix of dark grey, calcareous tuffisite (Fig.4.6).



Fig.4.6. Volcanic breccia, containing large blocks
of sandstone, rounded pebbles of sandstone and

aquartzite and exfoliated, rounded blocks of alnBite.

-
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The monchiquite inclusions are of material identical in
appearance to .the adjacent monchiguite outcrop; this latter
may be the source rock of the igneous inclusions. While the
relationships of the "conglomerate" are not sufficiently clear
to permit a definite conclusion as to the mode of origin, the
similarities to the Sitdlisit occurrence are so str_iking as to
suggest strongly that the Igaliko.rock waé formed in a similar
manner,

While the "conglomerate!" at Sitdlisit is developed within
a prominent sedimentary congiomérate horizon, there is no
evidence of such a conglomerate layer at Igaliko., = It is
possible that there was a conglomerate body of very limited
extent (e.g., in a fossil river bed), or that the conglomeratic
material was introduced intrusively from elsewhere. Well-
rounded pebbles of quartz, a prominent constituent of sedimentary
conglomerates throughout the region, are also common in this
"eonglomerate, So far as is known, there is no primary source
of large quartz fragments (e.g. thick quartz veins) in the
underlying sediments and the absence of accompanying granitic
Basement material precludes a deeﬁer source, Accordingly, the
quartz pebbles and no doubt many of the sandstone pebbles as
well, must have been derived from conglomerates already extant.

The "conglomerate" is overlain by a dark red, very compact,
well bedded “"tilestone", closely similar to "tilestones" found
at Musartit énd Qagssiarssuk. The "conglomerate"-does not
Persist very far to the north west and the volcanic horizon

appears to revert to undifferentiated red "tuff, This rock
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stops abruptly at a 609 fault on the eastern side of tﬁe small
lake, Beyond, there is a layer of compact, columnar basalt,
5m. or more in thickness (Fig. 4.7). The base of this layer
ﬁust be at approximetely the same level as the top of”the "guft!
layer south of -the fault. A short distance to the west, on
‘the lake shore, the basalt is seen to be overlain by a 2 - 3 m
layer of red, heavily altered (olivine?) basalt. This layer
is probably in continuity with Volcanié¢ Horizon (3).

Further west, the red volcanic layer appears to be absent
and the horizon consists of a single component - - the sill of

compact basalt,

Volcanic Horizon (3). This horizon appears to consist of red,

metamorphosed olivine basalt overlain By a 1éyer of fragmental
rock. ‘The lava is of'ten amygdaloidal, tending to become more
so in the upper part of the layer. Locally, chalcedony-filled
vugs up to 2 cm, in'diaméter are developed. So far as is
known there is no intrusive, compact basalt at this horizon.
Probably more than 10 m, thick in the south part of the area,
the horizon gradually thins northwards. 700 m. north west of

stream (N) it is 5 m, thick.

Volcanic Horizon (4). A narrow outcrop of basalt occurs on

the hillside south west of Igaliko just below the 300 m,

contour. - Its stratigraphical position is ca., 100 m. above
Volcanic Horizon (3). The nature of the layer is known only
from a specimen collected by Poulsen (44447). The specimen

is of a compact, olivine-free basalt.and analogy with other
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such rocks from lower horizons suggests that the sheet is
probably intrusive.

This horizon is overlain by sandstone of which a thickness
of approximately 50m, rewmains, This is the highest strati-

graphical level reached in the main Igaliko fault block,

,

A conﬁact with implications of considerable importance is
exposed ca. lkm, south west of Igaliko.

The outcrop, which is about 100m, across, is located on a
rather flat‘terrace, probably that between Volcanic Horizons (1)
and (2). A reddish brovn tuff or tuffisite breccia, containing
angular fragments of sandstone seldom exceeding lOcm. across,
is seen to bhe underlain by colummar basalt on a small, steep,
eastward-facing exposure on the eastern fringe of the main
outcrop. It is quite clear that the colummar basalt is
intruding the other rock. While there is a possibility that
the breccia.belongs to an isolated diatreme, it is more probhably
in continuity with one of the reddish "“tuff" layers, probaﬁly

that of Volcanic Horizon (1).

Other Volcanic Layers. The most extensive development of

volcanic rocks about Igaliko is the rhomb-shaped area of basalt
which lies Jjust north of the southern boundary fault. It has
an area of ca. 1 square km,. Exposure is very limited around

the northern and north eastern sides of the body, at the lower
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topographical level, A rather coarse, aphyric, structureless
grey basalt was observed in stream (8) at 300m.. Although
deeply weathered, the rock is quite different in appearance
from the olivine basalts of the volcanic horizons above Igaliko,
Olivine (pseudomorphed) hag been tentatively identified. In
the headwaters of stream (N), basalt is exposed above 345m..

The variety is olivine-bearing, micro-porphyritic, with clusters
of tiny plagioclase phenoecrysts. Vesicular texture is common
end various structures characteristic of effusive lava were

- seen, The rock resembles the basalt of Qagssiarssuk shore and
the.effusive basalts at Musartit. Since the stratification is
inclined toward the north, the micro—porphyritic olivine basalt
is presumably overlain by the apﬁyric variety.

The total thickness of the basalt horizon cannot be
determined accﬁrately. The map does not adequately convey the
structure of the fault block, in which the strata are folded
as well as tilted. A straightforward construction bhased on an
east-west strike, a 50° dip to the north and an outcrop width
of 600m, would indicate a true thickness of ca. 350m,. This
is certainly incorrect and the base of the horizon is probably
curved with the dip angle decreasing northward. A similar
construction, based on an outcrop width of 140m, (the minimum
width in a north-south direction) yields a thickness of 90m.,
which is considered to be more realistic, but possibly still
excessive (see Fig. 4,8).

The two narrow volcanic horizons which lie to the east

have not been visited, Specimens collected by Poulsen (44438



| and 44442) ihdicate that both layers have affinities with the
compact basalts.

Little is known about the volcanic horizons in the west
of the area. Three specimens are available, 44452, 44453 and
61801. Of these, two are of compact basalt, the third (44463)
of metamorphosed olivine basalt, A rafher extensive succession
is displayed on the narrow fault block north of the southern
boundary fault. To the west, the Basement is exposed, overlain
by Gardar sandgtone., The narrow, sinuous volcanic layers are
presumably the local equivalent of the volcanic horizons on
the hillside above Igaliko, but no correlation is possible at

present.

Observations on the Geology of Iganek,

A brief visit was paid to Iganek during a helicopter
reconnaissance in 1960, The following observations were made
on this occasion. .

On the south side of the fault which traverses the hill,
about 250m, of sediments underlie the lowest meta-basalt
horizon, Intense thermal metamorphism by the adjacent intrusion
has transformed the sandstone into guartzite and the volcanic
strata to black, glistening hornfels.,

The sandstone belowuthe volcanic horizons contains centi-
metre-thick layers of a fine-grained black material, parallel
to the stratification, Four principal volcanic horizons were

recorded; the thicknesses recorded- are only a rough approximation,

(=]
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The top two layers were between 10 and 20m, thick, the next
layer down about 1Om, thick and the lowest less than 5m., thick.
The fabric of the volcanic horizons along this flank of the
intrusion has been totally recrystallised and no features have
been observed which would indicate whether the layers were

intrusive or extrusive.*

(b) PETROGRAPHY

Compact Basalt. The degree of alteration veries; in the least

altered specimens pyroxene remains; even in the most altered
the igneous texture is usually preserved and a little plagio-
clase generally escapes obliteration. The compact basalts

are characterised by an undirected fabric of plagioclase laths
" in which no particular lath size is dominant. The group is
distinguished from the olivine basalts by lack of olivine and
absence of platy felaspar phenocrysts. Small, blocky pheno-
crysts of vitreous-looking feldspar occur rarely. Iron ore is
sometimes an important comstituent.

Pyroxene is usually altered to chlorite, iron ore and
carbonate, The plagidclase is usually sericitised to some
extent, sometimes very heavily; occasionally other glteration
products, in particular carbonate, are developed, When
alteration of the rock is strong, the twinning of the plagioclase
becomes indistinct and the lath margins ragged. - In extreme

cases refractive index becomes lower than that of canada balsam.



The most intensely altered specimens (44438 and 44442) are
from tio narrow horizons in the extreme south-east of the area
and in 44442 the original minerals are almost totally obliterated,
although texture is just distinguishable. Sphene is developed .
Two varieties of compact basalt are distinguis hed:
(1) (e.g. 61787) a coarse, feldspathic type with 10 - 15%
of primary ore. i The plagioclase laths are 3 - lmm, long. |
Pyroxene, which is interstitial, is scarcely more abumdant than
the ore. The comnpact basalt of Volcanic Horizons (1) and (4 )
and of the two most easterly horizons on the narrow, southern

faulted block, are of this type.

(i1) (e.g. 61790) plagioclase laths are of all sizes up to
lmm. . The pyroxene grains are sub-ophitic and extensive,
perhaps as much as dmn, across. Plagioclase and pyroxene are

in approximately equal quantities. Primery ore is not abundant,

leta-0livine Basalt, A strongly transformed olivine basalt is

found in Volcanic Horizons (1) and (3) and it also outcrops in
the west of the area.

In thin section, the nature and relationships of the
original minerals can sometimes be distinguished. There has
been a marked size-gorting in ﬁhe plagioclase grains, with two
sizes of laths predominating: (i) microlites, 0,2 - O, 5 mm,
long, (ii) microphenocrysts, 2 - 5 mm. long, often grouped in
small clusters. Pyroxene was sub-ophitic or ophitic; its
abundance cannot be determined. Olivine has been identified

in pseudomorphed form in a few sections (e.g. 44444); it has



been a rather prominent constituent, making up 10% or wmore of
the rock im some cases. In general there is litﬁle variation
in texture and it is likely that the mineralogy was rather
constant. In texture and in original mineralogy, the rock is
very similar to the effusive olivine hasalt at Qagssiarssuk
(Chapter V).

The original minerals are now completely replaced by
haematite and alkali feldspar. Iron ore occurs along the
original grain-boundaries, preserving the texture, The mafic
minerals are replaced by irregular aggregates of ore and alkali
feldspar; the plagioclase laths, as a rule, have been made over
to a mosaic of tiny anhedra of alkali feldspar ca. O.0lmm. in
diameter, Investigation of the 61788 by X-ray diffraction
shows that a single, monoclinie fe _Jldspar phase is present.

Analysis of the same specimen for alkalies gave the following

result:
Wt. %
Naze 0. 50
KZO 11.6

The alkali feldspar must be sanidine or orthoclase,

Olivine Basalts. The basalts of the largé volcanic outerop
on the narrow southern block are olivine bearing. They have
escaped the metasomatism to which the above group has been
subjected and the alteration pattern resembles that of  the

compact basaltls.



The lower aphyric hasalt is rather coarse and even-grained
with plagioclase laths ca. lmm. long. Pyroxene, of which a
little has been preserved, has probably been subsidiary to
feldspar in amount. Pseudomorphs after olivine have been
identified with fair certainty, making up ca. 5% of the rock
(e.g. 61892). |

The other variety of olivine basalt, developed at a higher
topographical level, is a finely feldsparphyric variety with a
texture similar to that of the metasomatised basalts. The

specimens available are unfresh and yield little information.

The Fragmental Rock. (e.g., 61791 and 44445) In thin section

it is apparent that this rock has been subjected to the same
metamorphic processes as the accompanying meta-olivine basalt
and, like it, has been extensively replaced by monoclinic alkali
feldspar (X-ray identification). The groundméss is Jjust
recognigable as a heavily altered lava in which the original
feldspar laths had moderate flow direction, The replacive
minerals are the same as in the meta-olivine basalt, but apart
from the feldspar laths, the original mineralogy is unknown,

The general appearance of the rock and its close association
with the olivine basalt suggest a similar composition.

The inclusions are of five kiunds:
(i) Rounded pellets of chilled lava,
(ii) Angular fragments of coarser lava.

(iii)Large rounded quartz grains.



(iv) Angular fragments of fine tuff, cf. "tilestone'.,
(v) Angular fragments of feldspar derived from the basement rocks.

The chilled pellets or lapilli and the coarser lava frag-

ments have been subjected to wholesale replacement by opaque

ore, relieved only by slender, rectangular pseudomorphs after

laths of feldspar (of possibly melilite), now replaced by fine
alkali feldspar or chloritic material. The iron ore replacement
recalls the alndite lapilli at Qagssiarssuk (Chapter V), however,
in the present instance there are no pseudomorphs after euhedral
olivine and the texture of the coarser fpagments is comparable
with that of the associated olivine basalts.

The quartz grains, usually guite well rounded, have been -
wholly or extensively replaced by rather clear alkali feldspar.
The surrounding matrix is pigmented red with very tiny haem’ . -
inclusions which become increasingly concentrated toward the
grains, In a number of cases some gquartz remains; despite
intficate intergrowth with a humber of replacive gréins of
alkali feldspar, the ramifications of the guartz skelet_on
may maintain optical continuity (Fig., 4.9).

The fine tuff or sandstone consists of rather closely
packed, angular grains in an obscure matrix which appears to be
of alkali feldspar heavily dusted with fine inclusions. The
average diameter of the grains is about O, lmm. ; most of the
grains are now of alkali feldspar, but a few quartz grains
remain and there are some oOpaque grains.

The grains of feldspar, believed to have been derived






from the Basement, are angular and often several millimetres
across. Most were probably microcline, originally, Cleavage
is usually preserved and traces of fine perthite-like structure
can sometimes be seen. The grains are generally quite turbid
and tend to maintain optical continuity in contrast to the
replaced sandstone grains which are made up of a number of clear

alkali feldspar grains with different orientations.

iMonchiguite., (61802) This rock appears to be identical with

the carbonised monchiquite found in intrusive sheets and

diatremes in the Qagssiarssuk area (Chapter V). Euhedral

pseudomorphs after olivine are set in a fine groundmasgs of

carbonate and chlorite.

"Gonglomerate". (61799) The groundmass consists of rather

clear, anhedral grains of carbonate 1 - 2 mm., across. The

following types of inclusions have been Tound:

(1) Monchiquite, similar to that described above. Size
ranges from several decimetres down to single, isolated

pseudomorphed olivine grains.

(i1) Rather obscure, highly carboﬁatised types a few milli-
metres in diameter, sprinkled with fine ore. Lath-
shaped carbonate pseudomorphs, probably after melilite,
are occasionally quite abundant. Rarely, traces of a
dark mica may be seen, Another variety of this rock
type is heavily impregnated with iron oxidé; rounded

bodies of opague material, several millimetres in



diameter, contain spherical vesicular structures up to
ca, 0.2 mm, in diameter filled with material cf. zeolite
arranged as radiating fibres. In a few instances

there are indications of lath-shaped crystals and

possibly also of pseudomorphs after olivine.

(11i1) Well to poorly rounded grains of quartz, mostly less
than 1 mm, in diameter. Some are rather strained;

there is no indication of replacive alkali feldspar.

(iv) Pebbles of quartz and sandstone, A small pebble of
sandstone was sectioned. The groundmass is of very
Tine~-grained quartz which shows signs of minor
recrystallisation. The éand grains ar e generally
roorly rounded; many have rather extensive zones of
secondary quartz around the periphery, often showing
numerous concentric growth lines. X-ray investigation
of the pebble showed that alkali feldspar was not

present in detectable amount.

All of the inclusions have a coating of opaque material a

fraction of a millimetre thick.

"Tilestone", This rock is comparable to other "tilestones" on

the Ilfhaussaq Peninsula, although the grains are packed
unusually closely. Most of the grains are of quartz, some
with an internal growth line, Rounding and sphericity are

moderate to high. The grains range up to 1.0 mm, in diameter,
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but the average size is nearer 0.2 mm,, A fragment of
calcareous rock about 1 mm. across has been observed which may
have affinities with the carbonatised melilitites of the
Qagssiarssuk area; there is a suggestion of parallel lath
structure and there are some square grains believed to be
skeletal sphene pseudomorphing perovskite, A number of micro-
cline grains and a euhedral zircon are presumably derived from
the basement granite. The matrix is so heavily impregnated
with fine ore dust as to be almost opaque, There 1is a
considerable amount of interstitial carbonate, soﬁe in small
vug-like structures and some apparently replacing the matrix.
There is no sign of monoclinic alkali feldspar tending to replace

the guartz or the microcline,

(c) GEOLOGICAL HISTORY.

At Igaliko, the deposition of water-laid, arenaceous
sediments has alternated with the eruption of volcanics under
terrestrial conditions. The sediments contain frequent
conglomerate horizons; volcanic detritus 1s seemingly absent.
Subsequently, other igneous material has been intruded into the
sedimentary and volcanic sequence.

Three principal volcanic episodes have been distinguished.

They are listed below in order of decreasing age.

(1) The extrusion of olivine basalt, represented by parts of



(11)

(iit)
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Volcanic Horizons (1), (2) and (3). The fragmental
rock probably indicates an explosive phase at the close
of the third period of extrusion, associated with the
same magma, Further extrusion of aphyric and micro-
porphyritic olivine basalt is evinced by the large area
of volcanic rocks on the southern fault block. These
must belong to a stratigraphical horizon above the

succession of the main Igaliko block (Fig. 4.10).

The intrusion of tuffisite. The "tuff" found adjace_nt
to the olivine basalt of Volcanic Horizons (1) and (3)
is believed to be intrusive. At Qagssiarssuk (Chapter
V), intrusive micro-breccias (tuffisites) associated
?ith ultramafic carbonatite vulcanism are accompanied
by potash metasomatism. Thus, at Igéliko, it is
assumed that the potassic feldspathization of the
olivine basalt was related to the emplacement of the
tuffisite.

The monchiquite body and the "conglomerate" are
certainly connected genetically to the lamprophyre-

carbonatite vulcanism (ef. Sitdlisit, Chapter I), but

they do not appear to have associated ﬁotash metasomatism,

The intrusion of the compact basalt. All the layers of
compact basalt are probably intrusive and of the same age.
The magma type was quite different from that of the

extrusives, being essentially aphyric and olivine~free.
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V. THE QAGSSTARSSUK AREA.

(With notes on the country north of Narssarssuaq)

(a) GEOLOGY

1, Minor Intrusions in the Basement North of Qagssiarssuk.

At the northern end of Qagssiarssuk settlement, rocks of
the Gardar Continentsl Series give way to basement granites
and gneisses. = The boundary 1s at least partly defined by a
60o fault with downthrow to the south-east. The granite
country to the north of the boundary forms a series of
rounded hills, rising to a fairly well -defined erosion
level at 300 m, £o-400 Mo There is extensive soil cover,
supporting a good growth of low herbage, and exposure is
limited to shore and stream sections and to sporadic-outcrops,
the latter being more common on hill toﬁs.

Viewed from a distance, the mogt salient features of an-
otherwise repetitive landscape are: -

(1) - the dikes, which tend to be more resistant to

erosion than the country granites,

(i1) scattered patches of limonitiec soil with colours
ranging from ochre to dark brown, which indicate

the presence of carbonatised ultramafie intrusions.
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The dikes often protrude like walls above the granite
surface and, viewed from vantagé péints, their courses can
sometimes be followed by the eye for several kilometres
(cf. Wegmenn, 1938, pp. 68 and 69), Many of the dikes
display a characteristic colour; the alkaline dikes weather
to shades of red, the basic dikes to black or brown and the
"Big Feldspar" dikes are whitish. Most of the dikes strike
at ca, 600, but very thick dolerites of an early intrusive
phase, striking 800—1000, occur in the north of the region.

In the field, the ultramafic intrusives were provision-
ally classified as carbonatites because of their resemblance
to thin dikes of ''carbonatite" seen by the author some years
previously in the vicinity of the Mbeya (Panda Hili) Carbon-
atite, Tanganyika. In their description of that complex,
Fawley end James (1955, p. 577), referring to brown and
yellow carbonatiteé of their delomitic group, remark that
some of these are beforsite dikes.,  They continue ~----
"Othefs are various types of carbonatised dikes, some of
which may have been aln8ite". Jemes (1958, p. 7) subse-
quently confirmed the presence of alndite.

The ultramafic intrusions are of two structural types,

(1) Thin intrusive sheets, usually inclined at low

angles
(11) Steep, pipe-like bodies.

Both the sheet intrusions and the pipes may contain

coherent intrusive volcanic rock (i.e., magma which has

,
e
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solidified in situ) or fragmental intrusive types of which
both igneous and country rock may be constituents. In
some cases coherent and fragmental igneous rocks coexist
in the same intrusion.

The same igneous rock types are common te both the
sheet-like and pipe-like intrusions. These are:

(1) Lamprophyre
(11) uncompahgrite (melilite-rock)

The term lamprophyre embraces a range of ultramafie,
chrysophyric rock types; monchiquite, mica-monchiquite,
aln8ite and mica-peridotite (? kimberlite) have been identi-
fied in thin-section, but in the field it is seldom possible
to make this distinction. - Both the lamprophyre and the
uncqmpahgrite are invariably heavily carbonatised and again
separation of the two types in the field is often difficult
or impossiblé. Typical specimens of the principal rock
types are listed in Table 5.1; the appearance of the
weathered surface of each specimen is tabulated against the
appearance of the freshly broken surface and against the
thin-section identification,

In a number of instances there is evidence of intrusion
et more than one perioed. Where the intersecting types have
been identified, the older has proved to belong to the
lamprophyriec group and the younger to pe of the melilite-
rock, Some characterisfics of the field appearance of the

two types are compared in Table B&, 2,

The ultramafic intrusives are occasionally cut by dikes

-



of the 60° swarm; but no intersections with the east-west

dolerites have yet been recorded.

The present investigation

is confined to the ultramafic rocks.

The carbonatised ultramafic rocks tend to weather

rather readily and the resulting, characteristically coloured

limonitic soll spreads rapidly; accordingly, extensive areas

of this seil often prove, on closer examination, to emanate

from intrusions of very limited outcrop area.

Table

5.2

Characteristics seen in outecrop Lamprophyre Uncompahgrite

Large ore grains, mica, indica- ' May be Absent

tions of pseudomorphs after present

olivine

"Ultrabasic" weathering pattern May be Absent
present

(See Fig. 5. 3)

Small, well rounded, nodular Absent May be present
inclusions.
Pronounced "flow'" structure Rare May be present

: The Sheet Intrusions.

The majority of these are sill-like bodies about a metre



thick, striking east-west and dipping south at an anglé of
26° -~ 309, Steeply inclined sheets also occur, but theses
are thin and numerically unimportant. Few dip and strike
measurements were taken away from the shore éection and there
is not sufficient data available to build up a regional
pattern of the disposition of the sills; in particular it 1s
' not known whether there is an overall concentric (cone-sheet)
arrangement as at Alnd.

In detail, the intrusive sheets show considerable
irregularity in disposition and thickness. The lower and
upper surfaces of an individual sheet are seldom plane or
parallel, In general, the disposition of the sheets cannot
be related to any visible structure in the country rock.

The sheets are impersistent strikewise, thinning, trans-
gressing, splitting and generally tending to form an anas-
tomosing complex more or less confined to a particﬁlar plane
(Fig. b6.1). There are indications that preferred planes of
intrusion occur in the country rock at intervals.

A well-exposed, kilemetre-long secfion of such a zone
outerops in the river immediately inland from Qordlortoq.
Anastomosing is pronounced and successive outcrops along
the strike may display a single thick sheet (maximum thick~
ness recorded is 15 - 20-nu), or a number of parallel thin
sheets. There are occasional stretches where intrusion
is restricted to mere veinlets, or is wholly suppressed.

A few thick sills outerop in this vicinity with an unbroken
outcrop of about half a kilometre. They weather to a very

dark brown colour end are visible from a considerable
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distance as prominent dark lines along the hillsides. One
such sill outcrops on the hillside south of the Qordlortog
river between 100 m, and 200m. Another linear outcrop
can be seen high on the west side of the deeply incised

tributary valley which comes in from the north-east. It

“inelines géntly to the south, Numerous outcrops of similar

material on the lake-studded, 400 m, plateau immediately -
to the west, may result from the intersection of this body
by the present topographical surface. A similap structure
is indicated at about 300 m, altitude, three to four kilometres
west of Qagssiarssuk, where such rocks outcrop abundantly
over about two sguare kilometres. | Low angle, planar contacts
are digplayed in some cases.

Some 40 sills, half a metre or more thick, are exposed
on the shore between Qagssiarssuk and Umiussat.  Approximately
thq@ame number is judged to be concealed by drift, Thick-
nesses of 15 - 20, 10 and 6 metres were noted in single
instances; such values are exceptional, however, and the
greatest number of sheets have thicknesses in the range
0,5 m~ 1.5 m. |

Many sections of the sills show screens of gneiss wholly
or partly detached from the wall rock. Gneiss fragments of
varying'shape and size occur locally in the éills. These
inclusions are almost invariably sharp'and angular.

There is a tendency for sheets of uncompahgrite to be
emplaced preferentielly in lamprophyre sheets and such
composite intrusions are quite common, Exce}lent examples

can be seen in the Qordlortoqg River at ca. 70 m, where sheets






and stringers of nodular uncompahgrite up to 20 cm, thick are
intruded into & lamprophyre sill (Fig. 5.2). Uncompahgrite

is also intruded directly into the country rock.

Nodular Uncompahgrite,

This distinctive variety of uncompahgrite is widely
distributed throughout the ares. Particularly good examples
can be seen in sills 30 cm. to 1 m thick which outcrop in
the Qordlortoq River at 40 m.. Small, smooth oblate
spheroidal or ellipsoidal bodies stand out preminantly on
the weathered surfaée, (Fig. b5.4). The largest dimension
of these nodules seldom exceeds 1 cm.. Size-sorting is
generally excellent, also, the nodules tend to be closely
pecked, orientated with the largest dimension parallel to
the sill contacts. They weather to a dark colour while the
matrix may have any colour within the usual range‘(i.e. pale
yellow to dark brown 6r black). The superb rounding of the
nodules contré@s mérkedly with the angular nature of the
gneiss or granite fragments which are often present in the
same intrusion. Generally the nodules are not evenly
distributed throughout an intrusive sheet, but are concen-

trated in bands parallel to the contacts.

Nodular, Lamprophyric Breccia.

A l.m thick intrusive sheet, choked with well-rounded

fragments of lamprophyre, outcrops on the shore at Umiussat.

The rock is black and very little weathered so that there
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are only minor traces of limonite on the surface. The
fragments or nodules are of all sizes from a fraction of a
centimetre in diameter up te more than &5 cm.. They are
accompanied by angular fragments of gneiss up to 10 cm,
across, (Fig. 5.5). Many of the nodules show traces of
pseudomorphed olivine phenocrysts and dark mica can be seen
in séﬁé. The inclusions are closely packed right to the
marging of the body and even the smallest. interstices are
filled with tiny nodules (Fig. 5.6). There is no sign of

a matrix other than carbonate.

The Volcanic Pipes.

All the pipes that have been examined hawe steep sides
with contacts seldom inclined at more than 20° from the
verticsal. In the majority of cases the cross-section is
elongate,-rangihg from broadly elliptieal to dike-like.
Length ranges from a few metres to ca., 300 m., in some
cases, perhaps, to 600 m.. Certain of the more attenuated
dike-like outcrops of intrusive volcanic breccia recorded on
the accompanying map (Fig. 5.7) are indifferently exposed
and there are indications that some of these may consist of
a row of small, roughly circular diatremes only a metre or
two in diamter. It is evident that the emplacement of |
many of the pipes has been controlled by linear fissures;
the strike of the elongation is so variaeble, however, as to
appear to be unsystematic.

Most of the pipes contain intrusive volcanic breccia
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(Fig. 5.8). The matrix of this rock is a highly carbonated -
intrusive volcanic microbreccia or tuffisite, usually deeply
weathered. Colour is usually deep brown or red. In most
instances the nature of the matrix is obscure. Hand
specimen 61616 (Fig. 5.9) is an example of unusually fresh
material from the large pipe Just beyond the 600 fault at

the northerp end of the settlement. The groundmass conéists
of the following constituents, closely packed in a basé of

yellow carbonate:

(1) dark, well-rounded pellets of lamprophyre 1+3 mm, in

diameter,

(11) rare, anhedral grains of iron ore up to ca. 5 mm,

across,

(ii1) occasional angular grains of feldspar and, less

commonly, quartz, derived from the country rock.

In a few cases the matrix of the pipe breccia is of
coherent lamprophyre. An example occurs on the shore a
short way north of the large pipe referréd to above.
Lamprophyre is clearly seen at the edge of the diapreme.
Towards the marginal contact the inclusions (mainly of.
granite) become smaller, down to 1,0-0, 5 cm, , although they
are still very shsrp and angular. The colour of the matrix
changes from dark brown to ochre, Finally, there is an
inclusion-free, grey, vesicular band ca., 15 cm. thick,

chilled against the gneiss. It is not possible to determine

whether the lamprophyric magma filled the pipe partially or






completely in this instance.

Varying amounts of rock fragments occur in the pipes,
set in tuffisite or coherent lamprophyre. Country gneisses
and granites are the rock t&pes by far the most abundantly
represented, Inclusions of lamprophyre, though comparatively
rare, are very widely distributed and some can be found in
nearly every outcrop of breccia. Other material, in
particular sedimentary or basaltic rocks from the Gardar
Continental Formation, appears to be entirely absent. The
granitic inclusions are nearly always sharp edged. Rounded
blocks have been found in very few instances. In a few
breccia outerops some granitic inclusions were seen to have
a dark, fine-grained, possibly glassy border ca. 1.5 cm.
thick. In the least weathered outcrops it is clear that
liquid or plastic lamprophyre has sometimes become moulded
onto small granitic fragments, occasionally completel y
enclosing them in a thin envelope of dark lgneous roc_k
(Fig. 5.9). In one instance & large inclusion of
lamprophyre was seen to enclose a small, angular fragment
of gneiss (Fig. 5.10).

The lamprophyre inclusions are almost invariably well
rounded, Typically, they have a diameter of 5 - 10 cm.,
but individual blocks up to 30 cm. in diameter have also
been found., It is probable that inclusions also oeccur in
a whole range of sizes from 5 cm. down to the tiny lamprophyre
pellets of the matrix, The rock type of the lnclusions is
guite fine grained, with a speckling of small, black

pseudomorphs after olivine phenocrysts. Colour varies from
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pale grey to dark brown, red and black and usually contrasts
with the colour of the matrix.

In some of the diatremes, the breccia is quite homo-
geneous, with fragments of similar size evenly distributed
throughout. In other cases size-sorting is less in evidence
and fragments may range from a size where they leose their
identity in the matrix up to (exceptionally) 50 m. acress.,
Packing of the fragments in the matrix likewise varies from
one pipe to another, ranging from inclusion-free tuffisite
to closely packed, coarse volcanic breccia,

Vertical flow-lineation has been observed in breccia
adjacent to the pipe margin in a few instances, Fig. 6.11
shows one of the best examples which occurs at the edge of
& small pipe just south of the elongate diatreme 3 km, west
of Qagssiarssuk. Low angle stratification has not heen
recorded anywhere in the intrusive breccias of the Basement
country,.

Contacts of pipe-breccia against country rock are
seldom seen. An exception is to be found where the large
diatreme north of Qagssiarssuk outcrops at the shore. Here,
contact relationships are weil seen about a great block of
gneiss which has become detached from the wall rock. The
block measures ca. 7 m. across and is largely or wholly
surrounded by volcanic breccia, Near the block, the number
of inclusions in the breccia diminishes rapidly. A few
centimetres from the block, the tuffisite gradés into a
nearly pure, yellow, carbonate rock (aﬁkerite) by a gradual

decrease in the amount of lamprophyre pellets and fine,






attrited.granitic material. The ankerite penetrates the
~ gneiss intimately in a zone some decimetres broad, forming
a mosaic or in gitu breccia in which many of the gneiss
fragments are but little displaced. A 20 ecm. thick sheet
of ankerite penetrates through the bleock and grades out into
the marginal ankerite zone., Its disposition (75°/ 60°K)
is parallel to the foliation of the block. |

In the field it is seldom possibié to distinguish any
aspect of the adjacent country rock which can be ascr_ibed
with certainty to contact effects. At the locality just
descPfibed, the gneiss; which is usually red, often ha_s a.
leached appearance and may be almost white, particularly
in the centres of detached fragments, Some of these are
very fiﬁé grained and have a streaked appearance, closely

resembling rhyolite.

Igolated Areas of Gneiss Breccia.

About 3.5 km, west of Qagssiarssuk there are a few
outerops of deep red, rather fine grained gneiss. The rock
'1s intensely brecciated intoe fragments up to ca., 10 em.
across, with random orientation and close packing (Fig. 5.12).
The interstices between the blocks are ocfupied by yellow
ankerite, When weathered, the ankerite is dissolved away,
leaving a sharp, angular scree’ of gneiss blocks. The
blocks are deeply pitted due to the removal of snkerite
which had replaced part of the fabric. Neither lamprophyre

ner tuffisite is present in the vicinity and it is suggested
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that the breccia may represent the roof above a concealed

diatreme.

Exfoliation Ellipsoids in the Country Rock,

An unusual effect associated with both sheet and pipe

intrusions is thHe development of exfoliation ellipsoids in

~ the country granite or gneiss. The structure may be found

for some tens of metres from the contact. Most are very
regular in shape, consisting of near perfect ellipsoids of
granite enclosed in a series of concentric shells of even
thickness (Fig. 5.13). The size of the cores ranges from
ca, 10 cm, on the major axis up to ca, 50 cm, and occasion-
ally beyond. Farther from the contact, the development of
the concentric shells becomes less pronounced, being replaced
by a single ellipsoidal fracture. (Fig. 5.14). A number of
such fractures may be closely packed within a very large
ellipsoidal fracture (Fig. 5.15). Nearing the contact,
yellow ankerite becomes visible in the fractures. There is
8 gradual transition into a breccia in which ellipsoids of
granite are set in a matrix of small, angular fragments

and granitic rubble, Ankerite impregnates the matrix.

2. Minor Intrusionsg in the Basement North of Narssarssuag.

A number of ultramafic sills and pipes intrude the
Basement rocks in the country east of Tunugdliarfik, north
of the Kiagtut River, A small number of diatremes and

8ills on the shore are of pyroxenite and have not been
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carbonatised. The remaindef have affinities with the
lamprophyric suite. The inland diatpemes have been mapped
by B. Walton (1962). It is apparent from the accompanying
map (Fig., 5.16) that their stfike agrees closely with that
of the foliation in the country rock. Walton (in 1itt)
states that.most of the diatremes occur as several small,
almost éontiguous, cylindrical pipes which, superficially,
give the impression of a single large pipe of elliptical

cross-section.

The Lamprophyric Intrugions.

These aré closely similar to .the minor ultramafic
intrusions north of Qagssiarssuk and, like the latter, are
highly carbonatised. In the very limited material collected,
only lamprophyric types are represented and it is not known
whether uncompahgrite also occurs. The dlatremes are filled
with intrusive volcanic breccia which has a tuffisite matrix,
with the exception of the most southerly pipe, ca. 1.5 km,
north of the Kiagtut Estuary, where the matrix of the breccia
is partly or wholly of coherent lamprophyre. Here, at the
contact with the counﬁry rock, the gneiss is intensely
brecciated, and has become white and rhyolitic in appearance. -
The breccia grades out into gneiss with ellipsoidal exfolia-

tion.



198

The Intrusiong of Mica Pyroxenite.

Intrusions of this material have only been recognised
on the coast. Two possible necks of the rock are marked
"p1" and "P2" on Fig. b5.16; the remainder of the intrusions
are sheet-like and outcrop sporadically over ca. O, 5 km,,
north of P1. These sheets are from 10 cm to 2 m., thick;
in one instance a strike of 120° and dip of 20° toward the
south was recorded. The rock is rather coarse, green;sh—
black, with a characteristic, deeply grooved, weathering
pattern, Dark mica is clearly visible and appears to be
an sabundant constituent.

At Pl there is an outcrop of pyroxenite with a maximum
dimension of 7 -~ 8 m,. The rock, although similar to the
type of the sills, is finer grained and has a porpug weathered
surface, In some parts of the outcrop inclusions are
numerous, while in adjacent parts inclusions are absent.

To the east, a vertical contact is exposed. There is a pale
green, chilled, marginal zone a few decimetres wide, free
from inclusions. On the western side there is a breccisa,
implicating sharp, angular pieces of the country rock. This
is probably an intrusion breccia, marking another contact.
The parts of the outcrop which coﬁtain inclusions hawe a
peculiar weathered appearance (Fig.: 5.17); the fragments
stand out with a relief which is emphasised by a deep,
marginal groove in the adjaqent-host rock, The inclusions
are mostly of pyritous granite; the maximum dimension is

typically ca, 10 cm.. The granite fragments are angular,






but the edges and corners are considerably rounded. There
are also some smaller, well rounded inclusions of a very
fine grained, black, heavy, magnetic rock. This intrusive
boedy is probably a neck.

Three smaller, poorly-exposed outcrops on the shore
at P2 may have steep contacts. They are of dark pyreoxenite,
contain granitic inclusions and are crossed by veins or
narrow pods of a éoarse, micaceous rock which are resistant
to weathering and stand up as ridges on the outerop surface,
Although these outecrops are only ca, 100 m. from the southern-
most , carbonatised, lamproephyric diatreme, thefe is no sign

of carbonatisation.

3. The Qaggsiarssuk Triangle.

An extensive area of Gardar sedimentary énd volcanic
rocks extends across the Ilfﬁaussaq Peningula from
Qagssiarssuk to Tasiusagq. Field investigation, with
particular emphasis on the sandstones, was carried out in
this area by V; Poulsen in the 1958 and 1959 seasons. A
triangular area south of Qagssiarssuk, shown by Poulsen to
contain a high proportion of igheous rocks, was selected
by the author for more detailed investigation in 1962.

The triangular area (hereafter "the Triangle"), is
well defined topographicélly. The NE - SW side 1is defined
by a river valley, north of which the basement rocks rise
quite steeply; the east-west trending side is formed by the

steep, north-facing cliff of Angmagssiviup Qd@8.

o
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The exposed succession 1is subdivided as follows:

TOP
(1i1) an upper sandstone unit.
(11) The Calcareous Unit, a group. of highly igneous

rocks, mainly pyroclastic.

(1) a lower sandstone unit with intercalated basalt.

An unknown thickness of Gardar strata may underlie
these rocks. It is unlikely that the basal unconformity -
of the Gardar Continental Series occurs within the Triangle.
At a few places in river sections sandstone and basement

granite are seen in juxtaposition, separated by a steep

fault plane, strike 60°, Elsewhere, due to alluvial

deposits, the poessibility of a sedimentary contact cannot
be overruled.

Exposure in the Triangle is often podr, particularly
on flatter ground. Raised beach deposits occur up to 20 m,
above sea level, concealing a considerable area at
Qagssiarssuk and immediately to the souih and, in pérticular,
wholly obscuring the relations of the large coastal outcrop
of basalt with the rest of the area. '

The faulting along the north-west boundary of the

'Triangle has resulted in downthrow to the south-east. Other
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faults, within the Triangle, with strikes of approximately
50° and 80°, have‘a downthrow on the northerly side, causing
local repetition of the succession. The fault system was
not specifically .investigated and it is possible that the
effects of d;slocation are greater than the accomﬁanying
map would indicate.

It will be evident from these considerations that only
a8 provisional stratigraphical succession can be drawn up at
this stage and that thicknesses of units, while intrinsically

variable, are also subject to serious errors.

The Lower Sandstone Unit,

- The principal rock type is a white, medium graiﬁed
sandstone, extensively cross-bedded. Conglomerate is absent,
ripple marks are dccasionally seen, A horizon of basalt
is intercalated within the unit (see Dbelow). Dip and strike
measurements taken in the sandstone area are rather inconsist-
ent, partly due to cross-bedding, partly to tilting of the
strata and partly to distortion of the stratification by
intrusives. |

The Gardar strata in the area have a general strike of
30° and dip at about 20° to the south-east. Based on this
disposition; the part of the lower sandstone which underlies
the basalt layer has a minimum thickness of 110 m., if the
possible effects of concealed faulting are ignored. Ca, 60m,
of sandstone occurs below the Calecarcous Unit and above the

basalt layer. It is possible that an additional thickness



2 Al
53t

of up to 90 m, of strata occurred in the site now occupied
by the tuffisite intrusion. These figures apply to the
western part of the area, along the line of section A - B

(Fig, 5.19).

The Bapalt Layer.

This horizon can be followed from Forest Lake to Grassy
Lake, 'with occasional interruptions due to faulting and |
younger intrusions. The north-west - south-east fault

which crosses Angmagssiviup Qéﬁﬁ does not appear to have
displaced the layer. Although no fully exposed section
through the basalt is recorded, thickness is known to lie
between 10 m, and 20 m,, On the slope south of Forest Lake
the layer appears to be repeated by an east-west fauit.

The rock is a greenish, compact, aphyric type, frequently

of very fresh appearance (belied by thin-section examination).
No structures indicative of extrusive origin have been éeen;
columar structure has not been recorded. A rather poorly
exposed upper contact on the edge of Grassy Lake appears to

be ‘intrusive.

The Basgalt of Qagssiarssuk Shore.

This basalt covers an area of ca. 250 square metres.
No contacts are exposed. The rock is unfresh, greenish-
weathering, vesicular and in places finely feldsparphyric.
It is unmistakably extrusive. The outerop is built up of

flow-units, 0.5 - 1.5 m thick, Planes between the flows



have a disposition ca. 10°9/25°E, A mininum total thickness

of sbout 20 m. 1s indicated. Many of the flows show classical
tripartite division into a compact centre with porous upper
and lower zones. The basal part of the thinner units may
have a close, parallel cleavage. Basesg of flows are often
penetrated by pipe vesicles about & decimetre long. The
uppermost portion usually has a porous, oxidised appearance

and corded- surfaces are occasionally seen.

A pdiygonal Jeinting system can be observed on the
surfaces of gome flow-units; this mey be a cooling phenomenon.,
Iron staining along the Jjoints has produced a reddish colour
at the margins of the polygons, which contrasts with the
green colour of the circular or elliptical centre sections.
The structure could be confused readily with pillow lava;
however, close inspection shows that the texture of the
basalt does not change, passing from one polygen to another
and it can be demonstrated that the Jointing is restricted
to a thin surface layer.

Assuming a strike of 30° in the sandstone unit, and
setting sside the possibilities of dislocation, this basalt
would occupy a stratigraphical horizon some 80 m, below the
base of the Calcareous Unit, On the other hand, the strike
of the planar structures in the basalt contrasts with the
30° value more usual in the area, but agrees quite closely
with a north-south strike in the sandstone ca, 0.5 km,
inland. This suggests the possibility that the basalt 1is
part of a small fault bleck and represents a part of the

Gardar succession not seen elsewhere in the Tfiangle.
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The Qagssiarssuk basalt differs from the other basalt
1ayér in being demonstrably effusive, in having a consider-
able content of olivine and in being much more intensely

altered, Where not too strongly weathered, the two types

are quite unlike in appearance.

The Calcareous Unit,

Rocks of this unit cover rather more than half of the
Triangle. Much of the material, which is predominantly
of pyroclastic origin, shows evidence of stratified deposi-
tion. .

A considerable number of distinet rock types are

developed; these tend to be impersistent laterally, also,
vertical sequences change rapidly from place to place.
With the exception of the rather well exposed basal succes-
sion along the northern margin, no persistent horizoﬁs have
been observed. The discovery of a marker horizon well
within the Unit would be invaluable for demarcating the
faults; however, exposure is probably too limited to permit
this, Based on an outerop width of 1100 m,, a strike of
45° gnd a dip of 209, the maximum thickness of the Unit
would be about 375 m, near the coast. The localised inter-
calation of coarse ejectamenta at the top would account for
some 40 m, of thig; the remaining figure of 336 m. is
Probebly exesggerated to some extent by faulting and tilting.

The small outcrops of séndstone on the south-eastern

side of the uncompahgrite stock appear to lie on top of the
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Calcareous Unit., - They may represent a local intercalafion
of sandstone within the Unit; alternatively, they may be
outliers of the succeeding sandstone unit. Were this the
case, the true thickness of the Calcareous Unit at this
roint would be only about 40 m.. Where the Unit outcreps
above Forest Lake, thickness increases over a distance of
less than one kilometre, from one metre in the east (where
the horizon terminates against a fault), to about 10 m. to
the séuth—west; where mapping was discontinued.

The Calcareous WUnit is a stratified sequence of pyro-
clastic material and lavas. All the rocks are heavily
carbonatised. The pyroclastics congist of coarse and fine
tuffs, locally agglomeratic. Distinctive varieties are
"tilestone", martite tuff, lapilli tuff and alHleitic tuff.

Thé lava is of a single type, given the ffield name
"amygdaloid" on account of its highly amygdaloidal nature;
it is a carbonatised uncompahgrite (Fig. 5.20) Some of
thé amygdaloid layers, at least, are of extrusive origin.
In several instances upper surfaces of flows were seen
where rubbly scoriae from the flow-top were incorporated in

the succeeding pyroclastic bed (Fig. 5.21). Few of the
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flows are more than 2 m. thick. The bulk of the pyroclastic

material vastly exceeds that of the lavas.

The lowest part of the'Un;t is rathei well displayed
on the steep scarp which overlooké Qagssiarssuk from the
south, A besal group of rather distinctivé‘pyroclastics

and lava outcrops over about 600 m. in the strike directibn.

@






The succession is as follows:

TOP

Amygdaloid. Atfleast 2 m.

Coarse, reddish tuff with graded bedding, containing
small, angular fragments of red, crystalline roc_k

derived from the Basement. 4,3 m,
Amygdaloid. ' 2.5 m
"Pilestone". - 0. 5 m,
Fine grey calcareous tuff, - 0,5 m,

"Tilestone". 5.5 m,

BASE

The "tilestone" is a fine grained, vefy compact, deep
red rock in which bedding is seldom prominent. The freshly
broken surface resembles terracotta. Large quartz grains
can be distinguished in the fine base.

At the top of this section, the main development of
the Unit begins. This consists of a rapidly deposited
succession of calcareous tuffs with occasional agglomeratic
and extrusive horizons.

Followed west along the scarp, the lower members of

~ the sequence ("tilestone", coarse tuff, etc.) are owerlapped



by the upper pert of the Unit, A structure-is seen,
apparently consisting of pillow-shaped bodiéé of amygdaloid,
ebout one metre across, set close together. The inter-
stitial material seems to be a brown calcareous tuff,
Neardby, a small outcrop of a finely stratified, intensely
contorted sediment occurs between layers of amygdaloid.

It is composed of millimetre thick, alternating layers of
quartz and carbonate in tiny granules (Fig. 5.22). The
.settings of the two structures described in this paragraph

are obscure,

On the shore, south of Qagssiarssuk, the base of the
Unit is concealed by recent littoral deposits. The lowest
part exposed is a succession of amygdaloid with fine and
coarse tuffs, similar, generally, to the basal succession
recorded above, Beyond ghis, to_the south, higher parts
of the Unit are exposed. While the possibility of
repetition by faulting is sufficiently real to preclude
the use of this shore section as a standard succession,
the rock types developed in the Unit are much better
displayed here than anywhere else and permit an overall
assessment of the lithology of the Unit.

The basal beds are followed by 5 - 10 m, of well
bedded fine and coarse tuff, There are occasional bartings
a few millimetres thick formed by layers of particularly
fine-grained, calcareous tuff. The rocks are.predominantly
mauve in colour. Throughout the section there are numerous

layers of inclusions, believed to be ejected bombs and blocks.

AV



In addition, sporadic inclusions may occur at all levels,
Certain of the layers resemble conglomerate and the strati-
fication of the sequence is often excellent, The overall

" pilcture of the distribution of the inclusion indicates a
succession of showers of ash containing a variable amount

of coarser ejectamenta, The possibility of subaguaeous
depbsition of some of these pyroclastics cannot be discounted.

The inclusions are of fiwe principal kinds:-

(1) Red, angular, coarse grained syenitic rock

(altered basement granite).
(11) Fine grained, pale grey, massive carbonate rock.
(ii1) Amygdaloid.
_(iv) Coarse calcareous tuff.

(v) Saccharoideael, coarse, crystalline carbonate rock.

With the exception of (i), shape 1s generally spheroidal;
size ranges up to 10 - 15 cms., except in the case of (ii)
where size may be up to 25 ems, or greater.

The succession continues with a 0.5 m. bed of a bright
red, fine grained calcareous tuff, containing angular frag-
ments of amygdaloid. At this point, the section is inter-
rupted by a volcanic vent, "V1",

South of the vent, well bedded calcareous tuffs outcrop
once asgein and the distinctive variety martite fuff is found,

Octohedra of martite up to 1 cms long occur in thim, impersis-

]
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tent layers parallel to the bedding plane. Barytes and
fluorite are ﬁresent. The rock is a deep red colour,
Beyond, calcareous tuffs, sometimes with inclusions of the
types enumerated above, alternate with sheets of amygdaloid
and occasional thin layers of fine tuff. A O,b m thick
sheet of amygdaloid penetrates these strata, partly at right
angles to the bedding, partly concordantly. Further south
the tuff beds have bright red and yellow colours, while the
amygdaloid becomes purple. A marked cleavage develops
parallel to the bedding and there is a considerable amount
of shattering as the next vent, V2, 1is approached.

| The succession is once more interrupted by transgressive
vent material, The distance between the two vents (as
exposed on the coast) is a 1little more than 400 m.. Coarse,
irregularly stratified vent material outcrops along the coast
for some 300 m.. Toward the southern end of the vent, the
irregularly disposed breecias, etec., are overlain by another,
more variable tuff succession, with agglomerate horigzons.
Cross-bedding with large sets is common; colours are red,
brown, blue etec.. Coarse aln8itic tuff is most common at
first; this may account for the darker colours to some extent.
The inclusions in the agglomerate layers are of sandstone,
granite, aln8ite and amygdaloid. The alloite occurs as well
rounded, dark brown bodies 10 -115 cms. in diameter which
are penetrated by radial veins of white carbonate., - These
are probebly bombs (Fig. 5.23).

Some tens of metres below the'top of the Unit, a

' cavernous weathering red sandstone (similar to the lowest

N
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Fig. 5.23. Section of
agglomerate and bedded
pyroclastics. Hote aln8ite
bombs with carbonate

veining.

. . I - / . l
Fig. 5.24. Mngmagssiviup Qa.q_g. The crags in the foreground

are of lapilli tuff.




part of the next unit) is féund as fissure fillings'up to
10 em., thick penetrating'as much as fwo metres thpough-
agglomeratic tuff, These sand "veins' are nearly vertical
and do not appear to have any preferred strike.

The topmost beds of the Calcareous Unit include thin
“layers of soft, red shaly material believed to be a very
fine'calcareous tuff,

South of Forest Lake there is a thin development of the
Unit, The rock is principally pink calcareous tuff with a
considerable admixture of rounded blocks of white, massive

carbonate rock.

The Lapilli Beds.

Beds of lapilli tuff with a maximum thickness approach-
ing 40 m.Aoutcrop on the southern face of Angmagssiviup
.Qéqa'and form a number of swall hills on the flat ground
below the cliffs (Fig. 5.24). The beds do not outecrop on
the shore, probably becsuse of interruption by the southern
vent V2; fragments of bedded and unbedded lapilli tuff
_figure prominentily in the vent breccia, however. The rock
is of very localised development. Its margins are not
sufficiently well known to permit a decision on whether it
is an intercalation within the Unit or whether igfwholly
contained within the circumference of V2.

The lapilli are dark red, well rounded, highly oxidised
pellets of aln8ite, mostly 2 - 3 mm, in diamter, They are

closely packed in a groundmass of white, calcareous tuff






(Fig. 5.25). Sometimes the tuff shows excellent bedding
structures, occasionally with vertical size-grading.
Coarser ejectamenta, with a diameter exceeding 1 cm,, are

rare or absent.

The Upper Sandstone Unit.

In some places a thin lens of conglomerate may be
developed at the base of tpe ﬁnit. More usually, the base
rests on a red shaly horizon (fine calcareous tuff), The
iowest few-metres-are of a reddish sandstone with a notably
cavernous weathering pattern, This feature may reflect a
high content of carbonate derived from the preceding unit.

Investigation of this sandstone unit has ﬁot been taken

any further.

Tuffisite Intrusiong of Irregular Shape.

An area of tuffisite meaéuring 600 m. east-west and
with a méximum north-south dimension of 7560 m, extends south
from Grassy Lake. Another bedy with a narrow outcrop ca.
800 m, long occurs on the hillside south of Forest Lake..

The tuffisitic rocks are not well exposed, generaily,
and the following observations are based on examination of
a limited number of outerops. The tuffisite 1s variable in
appearance. The most usual type '"sandy tuffisite", is fine
grained, reddish brown, with a glassy sheen on the freshly
broken surface due to the abundance of quartz grains present.

The wéathered surface is deeply pi%ted, a consequence of



the high content of carbonate (Fig. b5.26). Coarser
varieties, with a smaller content of quartz grains, are
identical in sppearance to the tuffisite in the three
diatremes south and west of Qagssiarssuk. Stratification
is recorded at a few loecalities, involving tuffisite of this
kind; the structure has a general resemblance to cross-
bedding in sediments, Dip and strike readings are too rare
to permit any structural deductions.

Near the western edge of the northern body; ca, 200 m,
east of Square Lake, a greenish rock type is exposed which
containg carbonate inclusions several centimetres across.
There are also cavities of similar size, containing large
euhedral calcite crystals. The greenish rock has been
identified as a highly carbonatised and chloritised aln8ite
or aln&itic tuffisite.

With the exception of the marginal sandstone breccia
described below, large inclusions have not been recorded in
the outerops visited, All of the country rock types known
to underlie the intrusion are represented, including basement
granite, lamprophyre, sandstone, and olivine basalt. Lam-
prophyre inclusions up to ca. 10 cm. in diameter are the
most common; micro-~inclusions of basaltic types may be
abundant locally, but are énly recognisable in thin section,
The bulk of the tuffisite is of medium to coarse sand gfade
and inclusions more than a few centimetres in diameter are
widely distributed -and ragher rare.

Along the eastern side of the northern body, about 100 m,

south of Grassy Lake, a contact against the sandstone is
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well exposed, striking 25° and dipping eastward at 45%  The
contact is concordant with the-bedding of the sandstone; the
latter appears to have been somewhat displaced by the intru-
sion, causing é local steepening of the dip. Towards the
margin, the tuffisite grades into an ankeritéc breccia which
closely resembles the structure described at the edge of the
diatremé in the Bésement just north of Qagssiarssuk, Thefe
are numerous small, angular fragments of deep red, altered
granite and larger blocks of sandstone (see Fig. 5. 28).

Proceeding south-west, the COntéct transgresses gradually
upwerd into the Calcareous Unit. The upper surfaqe of the
turffisite appears to be dippiné gsouth at a rather low angle.
Where the roof rock is sandstone, a breccia of great blocks
of the country rock is formed. Some of these blocks, which
may measure a metre across, are wholly detached and isolated
within the tuffisite; others remain close together, more or
less in situ (Fig. 5.29). A small, isolated area of such
a coarse breccia rests on tuffisite about 100 m, south of
Grassy Lake and is an outlier of the sedimentary roof.

Where the roof rock belongs to the Caleareous Unit, a
contrasting type of eruptive contact is developed in which
rather rounded blocks of carbonate pale, fine grained, are
set in a tuffisite matrix (Fig. 5. 30).

The western boundary of the intrusion is not exposed;
at the extreme north-west corner, a tiny, isolated outcrop

shows very fine grained tuffisite, full of sand grains,
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pehetrating normal country sandstone which, near the contact,
becomes ochreous and crumbly. | “

An isolated area of tuffisite outcrops a smell lake
about iOO me south of the principal part of the northern
body. The two masses are separated by a strip of sandstone
about 100 m, wide which forms a low ridge. It is very
probable that the tuffisite masses are in continuity and
that the strip of séndstone is a remnant &f roof,

It seems éertain that the present leve; of erosion
coincides quite closely with the roof of the intrusion,
which must have been rather flat or slightly domed; the
general shape of the boundary is hardly characteristic of
the cross section of a steep sided intrusive bdody, The
sharp projection at the north-east corner outcrop_s in a
narrow, steep sided valley, suggesting a low angle roof;
the isolated inlier to the south is similarly suggestive.

In the north, close to Grassy Lake, a small area of sand-
stone roof overlies the tuffisite and immediately to the
west the intrusion appeérs to dip under sandstone and basalt.
The inclination of the eastern contact has already been
described,

Bowes and Wright (1961) describe comparable partial
roofing of a pipe of volatile rich lamprophyre and appinite
in Argyllshire and suggest that the upward penetration of
the intrusion halted at this level (which originally was at
a considerable depth below the surface).

The only rocks against which intrusive relations are

exposed are sandstone and basalt of the Lower Sandstone Unit
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and the lowest part of the Calcareous Unit. Since there
is no evidence as to the depth of the intrusion it is not
possible fo decide wheﬁher it is a iarge diatreme which
failed to penetrate fully to the surface, or a flat;lying,
laccolithic sheet.

About 50 m. above Forest Lake, on the steep hillside to
the south, there is a steep step or plateau ext_ending
laterally for some hundreds of metres. Below the step,
there 1s a smooth, steep slope of reddish brown gravel,
weathered-detritus from an underlying intrusion of tuffisite.
At the south-~west end of the feature, a few outecrops of
solid rock occur. The rock here is the coarser variety,
similar to the material in the three diatremes south of
Qagssiarssuk. A structure pimilar to cross-bedding is
developed, No contacts with the country rocks are exposed.
This intrusion may have been in continuity with the tuffisite
body.seuth of Gragsy Lake and suffered sinistral displacemént
along the east-west fault on the north side of Forest Lake.,

A tiny outcfop of tuffisite Jjust north of Forest Lake might
algo be connected with the concealed part of such a body.

The well bedded sandstone which overlies the elongate
tuffisite body on the south side of Forest Lake is buckled
and faulted (see Fig. 5.31).

Wilshire (1961) describes a group of tuffisite
diatremes of comparable size near Bydney, New South Wales,
which share the following characteristics with the tuffisite

bodies described above,

ot
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(1) The tuffisite is of very variable composition and

grain size (op. eit. pp. 473 and 474).

(1i) The tuffisite is locally stratified (op. cit.
pp. 474-478).

(i11) The tuffisite is locally carbonatised with a
concentration of the carbonate upwards -- "All
inclusions in the breccia are intensely altéred by
hydrothermal processes, and induration was effected
by compaction of abundant interstitial clay and by
sporadic carbonate cementation, particularly in

upper exposure of the intrusions" (op. cit. p. 473).
(iv) The tuffisite is extensively roofed by cbuntry rocks.

(v) The overlying strata are folded and faulted in some

places (op. cit. p. 474).

The remarkable layered structures in the New South
Wales diatremes have features incompatible with surface
éruption. In particuiar, the layering continues below
roofed parts of the diatreme and there is an absence of
size-grading at right angles b0 layer planes,

Wilshire considers that emplacement of the New South
Wales diatremes occurred by wedging and lifting of the
country rock, and that the layering was caused by flow of
8 very viscous aggregate during forceful injection into
the country rock (op. cit. p. 482).

In the present instance, evidence of "wedging" or



arching of the country rocks is limited; on the other hand,
there is ample.evidence that the country rock was attacked
by the tuffisite and incorporated in it (Figs. 5.29 and 30),
The folding and faulting of the sediments above Forest Lake
(Fig, b5.31) may be due to collapse following subsidence of
the underlying tuffisite. This could be caused by with-

drawal of magma in the underlying magma column; alternatively,

if the tuffisite were in the form of a fluidized system
(cf. Reynolds, 1954) decrease in the velocity of the fluid
below a criticai level would lead to a sudden substantial

reduction in volume as the particles came to rest.

Tuffisite Diatremes.

Three bodies of tuffisite and volcanie breccia with
very steep, arcuate, intrusive contacts outerop on the face
and top of the cliff south of Qagssiarssuk, In each case
the northern contact is concealed. The largest, most
easterly body is better exposed than the others and its
boundary, when mapped, forms the greater part of a circle
about 200 m, in diameter. Viewed from the east, it is
apparent that the adjacent country sandstone has been
consgiderably disturbed with minor faulting and tilting of
the strata. The two eastern diatremes cut right through
the Lower Sandstone Unilt and the bedded tuff sequence at
the base of the Calcareous Unit, In the western diatreme,
the tuffisite fillihg is overlain by well bedded, eoarse,
red tuff. In none of these occurrences are contacts seen

against rocks higher 1n the stratigraphical sequence.
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The middle diatreme is about.loo me in diametér, vhile
the western one,.which is poorly exposed, has an outecrop
width of only 10 m.. .= All three diatremes are filled with
similar brownish tuffisite which may be locally stratified
and/or fragment-bearing. With respect to these character-
istics, the pipe-filling changes rapidly both horizontally
and vertically. Inclusions are most abundaﬁt in the largest
body and are perhaps ratﬁer concentrated towards the margins
in thg two smaller bodies; some large blocks of sandstone,

a metre or so across, occur in this position. In addition
to blocks of sandstone, the immediate country rock, there
are fragments of granite (which may be rounded or angular),
rounded blocks of carbonatised lamprophyre and saccharoidal
carbonate,. The two smaller pipes have few inclusions.

In the middle pipe, there are some large blocks of sandstone,
restricted to the eastern side; in the western pipe sand-
stone is unimportant as fragmental material, although the
country sandstone along the western margih is strongly
brecclated, There are some small, rounded inclusions of

pale, fine grained calcareous rock,

600 m. south of Forest Lake, there is another intrusion
of tuffisite, It appears to have the form of a vertical
cylinder about 80 m, in diameter, partly roofed by calcareous
tuff, Upper contact relétions are similar to those described
at the eastern contact of the large, irregular tuffisite body,

where it is roofed by the Calcareous Unit (cf. Fig. 5, 30).

N



Volcanic Vent VI,

About 1 km. south of Qagssiarssuk, a 16 m, ieng trans-
verse section through a volcanic pipe is exposed on the
coast, The northern edge of the structure is very steep
at the water's edge; upwards, it inclines outward at an
increasingly shallow angle. It is distinctly transgressive
against the country rock. The rock type at this edge of
the vent is a deep red, coarse, even. grained erystalline
variety, of syenitic aspect. Southwards, it is intensely
brecciated by ankerite veins and a mosaic structure is
produced consisting of small, angular fragments of "syenite"
in a matrix of brown carbonate (Fig. 5.32). The "syenite™
contains numerous large, irregular blocks of fine grained,
pale grey calcareous rock of non-amygdaloidsl uncompahgrite;
these blocks are up to 0.5 m, in diameter. Some contain
small inclusions of "syenite',

Southwards, the pipe filling grades into material more
characteristic of the vent described below; viz: a fine-
grained, dark red matrix eontaining angular fragments of

bedded and unbedded lapilli tuff.

Volcanic Vent V2.

This structure outcrops on the coast aboﬁt 1,5 km,
south of Qagssiarssuk, over a distance of about 300 m.,
Inland, exposure is lacking. The northern edge of the
vent, which is well exposed in the coastal sectién, is steep

and transgressive. Within the vent, bedded pyroclashkics,
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prihcipally lapilli tuff, are ineclined steeply against the
margin. Théée are overlain unconformably by a sheet of

amygdaloid with a scoriaceous upper surface. Scoria have

been caﬁghf up in the éﬁcceeding crogs-bedded pyroclastics.,

. Thin stringers of very fine, red, calcareous tuff occur
at intérvals. Centimetre~thick sheets of this material are
spiit up into numerous fragments by vertical fractures which
are penetrated by the surrounding fine lapilli tuff.> The
individual pleces have a dish-like form, with the concave
side upward. This structure has been formed in the same
manner as mud-cracks, viz., by the shrinking of a wet, fine
grained sediment on dessication. (ef, Pettijohn, 1949, pp.
143 and 144).

These rocks are overlain to the south by volcanic
breccia. A fine, even, deep red matrix eontains angular
fragments of bedded and unbedded lapilli tuff up to about
half a metre across (Fig. 5.33). There are also rounded
blocks of fine grained carbonate rock up to 2 m, in diameter.
Examination of thin sections of the matrix shows it to be a
micro-breccia formed by the comminution“of lapilli tuff,

For the greater part of 300 m; breccia of this kind altern-
ates with cross-bedded coarse tuffs, The matrix of the
volcanic breccia or agglomerate is rather sandy in pl_aces.
Locally, there are inclusions of carbonatised lamprophyre,
well rounded dark brown bombs with radial veins of white
carbonate. Dip and strike measurements in the bedded
pyroclastics, though somewhat variable and occasionally

anomalous, are generally about 459/20° S. E.
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The southern edge of the vent has not been located and

some of the strata ineluded in the account of the upper part

_0f the Calcareous Unit may occur within the vent.

Diatremes of Bagpaltic Tuffigite.

The larger of the two intrusions of basaltic tuffisite
outcrops at the western end of Grassy Lake. Altﬁough the
marginal contact is nowhere exposed, the relations of the
boundary to topography make it clear that the body is stéep
sided. The rock weathers light brown with orange coloured
inelusions. The freshly broken surface is greenish-grey
due to the presence of abundant chlorite. The groundmass
is composed of-tiny fragments of olivine basalt with a
variable admixture of quartz grains and small pieces of sand-
stone.- The rock tends to be fairly homogeneous in outecrop
and inclusions are rather evendy distributed. Small,
angular inclusions of olivine basalt, a centimetre or two
across, are very abundant. There ‘are also rarer ellipsoidsal
inclusions about 10 cms. across, They appear to be of
similar composition.

In a few places stratification is seen, e.g. 110°/40°N,
neén the centre of the body. At this point, notably angular
blocks of basalt, which weather to an orange-red colour, are
set in a fine, dark red, quartzose tuffisite matrix.

A smaller intfusion at the south-western end of Forest
Lake contains similar material, On the eastern side, the

body shows a sharp, intrusive contact against red, calcareous

W
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tuffisite.
The basaltic tuffisite of both intrusions weathers very

readily. It is difficult to collect fresh material,

Stocks of Carbonatised Uncompahgrite.

Half & kilometre south of Grassy Lake, a steep sided
intrusion of carbonatised rock, some 300 m, long, cuts the
Lower Sandstone unit, the Calcareous Unit and the large,
irregularly shaped body of tuffisite. The rock is very
dark, purple-browvn in celour and has a peculiar weathering
pattern probably related to vertical vesicular structures
(Fig. 5. 34). - There are sparse inclusions, some of them
severely altered. Most are of basement granite. Affin-
ities with the extrusive amygdaloid are not very obvious in
the field; in thin section, however, the two rocké are of
almost identical mineralogy.

About 400 m, to the south, there is a small oval outecrop
of purple amygdaloid which seems to have steep sides. It

may be another stock.

8111 of Carbonatised Uncompahgrite.

About 100 m. south-west of Square Lake, a 5 m, sill of
fine grained carbonatised rock is intruded conformably into
sandstone, close to the NE - SW fault. The roek has typical
grooved weathering and resembles material fr_om the larger

of the stoecks described above.
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Sandgtone Dome,

At ca., 100 m, altitude on the north slope of
Angmagssiviup-QéqQ, strata éf the upper sandstone unit are
.bent upward into a very regularly shaped dome about 50 m,
across. The strata maintain their thickness over the dome
and there is no sign of rupture. The structure recalls
the disposition of sediments above gome salt domes (cf. De
Golyér et al., 1926) and very strongly suggests the presence

of a concealed pipe-like volcanic intrusion.

Baryteg Mineraligation.

Barytes is common throughout the Calcareous Unit,
partly occurring as local pods of coarse crystals (Fig. 5.36)
rartly disseminated throughout the intergranular interstices
of the rocks. It also occurs microscopically in the
intrusive breccias and tuffisites.

Even where the mineralisation is heavie_st, no single
cubic metre of rock containing more than 25% barytes has
been foungd. Concentrations whiech even appfoach this figure
are rare, sporadic and of small extent. There 1is no evidence

to suggest the presence of an economic deposit.
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(b) PETROGRAPHY

1. Minoer Intrusions in the Bagement North of

Qagssiarssuk and the Kiagtut River.

The following ultramafic types have been tentatively

identified in thin seetion:

(1) Monchiquite

(ii) Mica-Monc hiqui te

(1ii) Aln8ite

(iv) Mica-Peridotite (? Kimberlite)
(v) Uncompahgrite

(vi) Mica-Pyroxenite

The degree of cafbonatisation in types (i) - (v) varies
consgiderably both from one intrusive body to another and also
within any given intrusion. The degree to which the
"original" (probably dominantly silicate) mineral assemblage
may be preserved is quite unpredictable. _

The petrography of this superficially unpromising
material is based largely on a series of deduetions from
the shape of pseudomorphs and the nature of the replacing
minerals, In general, a composite picture of each particular
rock type is built up from the examination of a number of
-specimens in which specific textural or mineralogical
features are particularly well preserved.

One of the primary aims of the petrographical investiga-

tion has been to establish, as far as possible, the nature
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and proeportions of ﬁhe minerals in the several rock types,
prior to alteration, and to classify them accordingly. Since
the original mineral assemblage is never wholly preserved,

the qlassificagion is of necessity baéed on a partly
inferential minéral assemblage and is liable to modification

in the event of less altered material being found,

The "original" mineral assemblages have been subjected

to some or all of the following alteration processes:

(1) late magmatic processes ~—- _ mainly carbona-
autometasomatism.' tisation; only

(ii) Metasomatism after the pyroxenite has
consolidation | | escaped this effect,

(iii) Thermal metamorphism.

The second of these processes would almost inevitably
obliterate evidence of the first.

There is little doubt that all the rocks have undergone |
thermal metamorphism imposed by the plutonic intrusions of
the region; metamorphic effects, usually of low grade, have
been recorded in Gardar volcanic rocks of most of the areas
investigated. Since the minerals by which these effects
are usually Jjudged are either absent from the suite (e.g.
plagioclase) or already broken down by the first two processes
(e.g. oiivine, pyroxene), 1t has not been possible to investi-

gate this aspect of the alteration fully,



The term lamprophyre is used in the sense of Knopf,
i.e. "mesotype (= mesocratic) or melanocratic rocks carrying
solely ferromagnesian phenocrysts in an aphanitic or micro-
granular groundmass, and in which the ferromagnesian minerals
in the groundmass show notable idiomorphism" (Knopf, 1936
pp. 1748 end 1749). Other characteristics of lamprophyre
such as the abundance of volatiles (H;0, COp, Pg0g,8) and of
the elements Ba and Sr (Turner and Verhoogen 1960 p.251) are
magked by the carbonatisation, Mica-peridotite (?kimberlite)
falls within Knoﬁf's.definition and is here included with
the lamprophyres (cf. Watson, 1955, p. 567). The lampro-
Phyres described below are ultramafic (feldspar-free)
varieties containing phenocrysts of olivine. The only
betrographic terms in common use which can be applied to
such rocks are "monchiquite" and "alnd8ite". The former is
characterized by an obscure, often aphanitic groundmass;
the latter contains melilite.

Both of these types are distinguished., A third
variety, mica-monchiquite, is recorded, in which melilite
cannot be distinguished. Otherwise, the rock appears to be
virtually identical to the aln8ite. In view of the readiness
with which all traces of melilite can be removed by alteration,
it is not considered advisable to make an impoftant distine-~
tion between mica-monchiquite and aln8ite and the two types
are discussed together,

In the various rocks of the ultramafic suite, olivine,
melilite and ﬁerovskite are always Qompletely altered and

are identified from their pseudomorphs.
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MONCHIQUITE

This rock type has the widest gspatial distribution of
all the ultramafic varieties considered. It is intruded
into some of the volcanic pipes, constitutes the most common
kind of igneous inclusion in the pipe brecclas and forms
many intrusive sheets in the basement granite, Small
intrusions have been found in other areas, viz. near Igaliko
and at Sitdlisit, while there is a thin flow in the
Nunasarnaq Sandstone Unit, 1 km. north of the inner end of
Tunuarmiut.

All the monchiquites from the Qagssiarssuk area are
heav%ly carbonatised and the primary silicate minerals are
mostly altered. The occurrences at Sitdlislt and Tunuarmiut
have escaped heavy carbonatisation, although they have been
considerably altered by other processes. Exhaustive
comparisons of material from these occurrences with samples
of the monchiquites from the Basement north of Qagssiarssuk
and the Kiagtut River show that the monchiqdite of the
southerly occurrences is quite representative of the group,

differing only in its superior state of preservation.

Monchiguite from Sitdlisit & 1 Km. north of Tunuarmiut,

a
Specimen 39903, from Sitdlisit, is taken frowhsill 2-3 m,

thick, closely associated with intrusive volcanic_breccia,

In hand specimen, the rock has a greyish-green, aphanitic
groundmass containing small black vesicles and phenocrysts.

The latter show a moderate degree of alignment,
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In thin section, most of the phénocrysts are seen to
be pseudomorphs after olivine (Fig. 5. 37). They constitute
about 15% of the rock ﬁodally. These pseudomorphs preserve
the outline of idiomorphic olivine crystals; they are seldom
more than 1 mm. long and have an average length of ca. O, 6mm,
The pseudomorphing minerals are chlorite and carbonate in
roughly equal quantities. While -the distribution of the
fwo minerals within the pseudomorphs is mainly quite dis-
orderly, éhlorite always persists around the perimeter of
the grain, though often as a very attenuated zone. The
vesicles, which are nearly spherical and similar in size
to the phenocrysts, are filled with aggregates of fine
chlorite,

A few phenocrysts of unaltered, pale, pinkish-brown
pyroxene occur, They present elongate, rectangular
sections a millimetre or s0 in length and may show simple
twinning parallel to the elongation.

Alteration of the groundmass is rather far advanced.
The mesostasis is an obscure, amorphous mixture of carbonate
and chlorite, with a little quartz. Some slender, pale
yellow needles may be amphibole, judging by rare, lozenge-
shaped cross-sectioﬁs. Crystals of clinopyro_xene with a
marked acicular habit are set in this groundmass; some of
them are relatively unaltered. They are commonly 0,1 -

0.2 mm. long, with a length:breadth ratio of 20 - 30:1, or,
occasionally, much greater., Some of these crystals are
twinned parallel.to the length, most show transverse cracks.

Locally, the needles may be arranged in radiating groups or
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packed parallel to one another in sheaves. Minor
tedngential arrangement around the phenocrysts is sometimes
seen, but there is no evidence of a similar disposition
around the vesicles. In general, the needles show little
tendency to conform to any orderly system of mélignment.

Alteration of the rock is too far advanced to permit any

‘accurate estimate as to the original abundance of the

mineral; it probably constituted 25% of the groundmass,
+ 15%. All of the fresh pyroxene has & very pale pinkish-
browﬁ colour. The grainé show signs of marginal corrosion.

Clusters of small, square sections of an iron ore are
abundant throughout the rock. Larger grains occur,
particularly adjacent to pseudomorphed olivines and pyroxene
phenocrysts. One or two tiny, reddish-~brown grains may be
partly altered perovskite,. Within the groundmass there
are a few corroded remmants of elongate gfains of a colour-
less mineral of moderate relief and low refringence which
shows straight ext@nction. The narrower of these sections
are comparable in size with shorter pyroxéne needles and
have a similar transverse fracture. Rare, accompanying
hexagonal cross-sections suggest that this mineral is
probably apatite in a state of partial alteration. Relicts
of broader, rectangular grains may be a different mineral;
relief seems too low for apatite or melilite.

With the exception of a minute, fresh-~looking flake of
brown mica adjacent to granules of ore within a pseudomorph
after olivine, biotite is wholly, absent. As a general rule,

mica is seldom wholly obliterated in rocks of the suite and

-
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it is unlikely that it was present in the original rock in
significant quantity (cf. Kranck, 1929, p. 28).

There 1is a sprinkling of tiny granules of a minersal
of high relief and high birefringence, probably sphene.

No feldspar has been observed.

It is evident that a considerable proportion of the
groundmasé, possibly as much as 70%, was originally occupied
by a mineral, a number of minerals; or glass now totally

altered,

Specimen 39959 from the monéhiquite flow (39959) is very

similar to 39903, both as_regards the identifiable primary
minerals and the degree of alteration, Rather more
Pyroxene 1s preserved, however, some as prismatic pheno-
crysts up to 2 mm, in length. In the grouﬂdmass, there
are corroded needles and tiny prisms of similar pyroxene;
the majority of the gréins have a length in the range 0.1 -~
O. 25 mm, , however, all sizes from this range up to that of
the nominal phenocrysts are represented. Where fresh, the
mineral has a pale'yellow‘colour. In parts of the rock
pyroxene may occupy nearly 50% of the groundmass. The

abundant vesicles are filled with fine grained carbonate.

Monchiquite north of Qagssierssuk and the Kiagtut River.

Specimen 61620, from a small intrusion at the edge of a
diatreme a short distance north of Qagssiarssuk, is highly

vesicular, with flow-banding developed towards a chilled
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contact, Appearance in thin section agrees essentially
with the description of the Sitdlisit rock; vesicles are

f \% more abundant, however, and no fresh pyroxene is preserved.

Q\ The vesicles are elongated and filled with coarse grains
\§ of anhedral carbonate.

“_ Two distinct types of olivine pseudomorphs can be

\ﬂistinguished. The first is euhedral, with characteristic

pointed terminations; the other has rounded anhedral form,

similar to that of olivine phenocrysts found in elivine

3 basalts of the area.

B Pseudomorphs after groundmass pyroxene, largely composed
of carbonate, are readily recognised; their form and arrange-
ment are reminiscent of the Sitdlisit rock, but they are

1< - - : rather more abundant, There is no sign of eny tendency

toward tangential arrangement around the vesicles, and many

of the needles penetrate well into the interior of these.
Small groups of grains of a colourless mineral of
merrate relief, low refringence and straight extinction
occur sporadically. The grains have an elongated rect-
angular habit and are comparable in size to the pyroxene

Pseudomorphs. Almost every grain is bisected longitudinally

by a thin line of some fine grained dark material, The

structure recalls the median parting often present in

me%ﬁlite crystals. While there is a possibility that the

/

Eineral may be melilite, the small size and rarity of the

/%fgrains preclude positive identification.
A

Specimen 61685 is from a 0.5 m. thick intrusive sheet which




outcrops at 400 m. in a stream section approximately 7 km,

north of Narssarssuaq harbour, (For macroscopic

desceription, see Table 5.1). While the principal original

silicate minerals have been transformed to obscure,
amorphous alteration products, and even the pseudomorphs
after olivine are composed of this material instead of the

usual crystalline carbonate and chlorite, texture is well

' preserved. Investigation by X-ray diffraction showed

gquartz and ankerite to be the principal constituents.
Chlorite is also present, occurring as rather large crystals
in the vesicles, The X-ray study also revealed the presence
of barytes in small quantity. This is predictable, as
analysis shows the rock to have a BaO content of O, 5%.

(Table 5. 3).
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Table 5b.3

Analysis of 61685, a carbonatised monchiguite,

8102 ' 9. 3
Ti0g 2.7
Aly03 : 7.9
Feg0s 2,17

- FeO 10, 2
MnO 0.2
MgO 7.1
Cal 9.8
Nazo trace
K50 0. 9
P20g 1.3
002 13, 8
Hzo Be B
BaO 0.5
Sro 0.2
Zr0 trace
Total 99.9.

Locality: 400 m. altitude, 7 km. north of Narssarssuaq

Harbour, South Greenland.

Analyst B, I. Borgen.
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Petrography of the Monchiguites - General.

Pseudomorphed olivine phenocrysts of similar shape

end size occur in all specimens, constituting a rather

constant modal proportion, viz. around 1 5%, The anhedral
pseudomiorphs in 61620 are exceptional, Freéh pyroxene
phenocrysts and groundmass gréins are preserved only in
39903, and 39959, Unmistakeble pseudomorphs after-ground-
mass needles of pyroxene are found in 61620 and 61685; in
all the other specimehs the mineral has been 6bliterated,
Groundmass pyroxene is judged to occupy 25% + 5% by volume
of the groundmass in 39903; in 61620 and 39959 fhe figure
is probably nearer 50%, In 61685 the mineral is very
heavily altered; the ﬁercentage present probably resenbles
that in 39903 rather than 61620,

Comparison of the specimens in thin sectlon indicates
that the iron ores which crystallised from the magma have —
been liable, subsequently, to considerable redistribution.
In 39903, the distribution of the ore grains suggests that
some have been derived from the breakdown of mafic sllicates;
in 61620 there is such a heavy dusting of ore that secondary
introduction of iroen oxide seems probable. The same
general pattern is followed in most of the specimens from
monchiquite inclusions in the dlatreme. Some of these
inclusions, typified by specimen 61622, are purple, instegd
of the more usual grey or black., In thin seetion, fine
hematite dust is seen to impregnate the groundmass and

there are localised build-ups of hematite around the



peripheries of the vesicles and within the larger pseudo-
morphs.

It is likely that 61685 nearly shows the distribution
of the ore minerals as it was in the original rock. Opaque
ore occurs as small, scattered clusters of euhedra, individ-
_ual grains measuring ca, O, 025 mm, acfoss. Modally, the
ore makes up about 4% of the rock. An unkndwn:proportion
of this may be alteréd perovskite.

Although perovskite has not been identified with
certainty in any of the monchiquites, the former existance
of the mineral is not precluded. Comparison with other
rock types of the suite, in which pseudomorphs after
Perovskite have been identified with some confidence,
suggests that the mineral would tend to be altered partly
to iron ore and partly silicated to form sphene. In view
of the small grain size the mineral would be expected to
adopt in such a fine grained rock, recognissble pseudo-
morphs could easily be missed.

A few partially corroded slender prisms of a mineral
resembling apatite occur in 39903, There 1s n6 trace of
apatite in any of the other specimens. In view of the
high PgOg content of the rocks (1l.3% in 61685), the presence
of apatite might be expected. The norm of 61685 contains
3% apatite. The present location of the PgOg is unknown.

Primary constituents. In a hypothetical typical

specimen the modal proportions of the primary minerals must

have been approximately as follows: olivine 15%, pyroxene

2.4
5 %7

30%, titanomsgnetite and perovskite 5%, apatite 3%  Almost .



half the volume of the rock, now occupied by carbonate,
chlorite.and silica, consisted of glass or of some mineral

or minerals no longer identifiable.

MICA-MONCHIQUITE AND ALN&ITE.

It is probablé that the majority of the intrusive sheets
belong to these categories; samples of mica-monchiquite
from either side of Tunugdliarfik show the closest petro-
graphic similarity (e.g. 61609 and 61682). In a single
instance an inclusion of mica-monchiquite (or alnBite) has
been found as an inclusion in a diatreme (61612).

The most outstanding difference between these rocks
and the monchiquite is their comparatively high content of
dark mica. Grain size tends to be rather coarser, as a
rule, and it is probable that the rocks were hélocrystalline
prior to carbonatization.

In thin sections extensive carbonatigzation is evident.
61682 contains 20, 8% COp (Table 5.5), With the exception
of mica, the originél silicate minerals nearly always have
been wholly replaced. Commonly, carbonatization is
accompanied by recrystallizgtion and the only distinctive
pseudomorphs preserved areamong the phenocrysts.

Olivine has certainly been the principal phenocryst
mineral and two generations are tentatively distinguished
from the pseudomorphs in some cases e.g., 61609, (The

assumption is made that all pseudomorphed broad, prismatic

'phenocrysts with pointed terminations are after olivine,

'Y



In 39903 and 39959 the pyroxene phenocrysts aré narrow,
with poorly developed terminations, while the pseudomorphed
olivine phenocrysts have the form of broad prisms with well
developed brachydomes. ) The earlier generation, forming -
less than 5% of the rock modally, is represented by large
euhedra 2 mﬁ. or more in 1ength. Judging by the rather
complicated (though euhedral) outline, there was a tendency
for c&mpound crystals to develop. Olivine of the second
generation formed simple idiomorphié prismetic grains ca,
0.8 mm. in length, which arelmuch more abundant, constituting
ca. 20% of the rock modally.

Tﬁe pseudomorphs are composed of carbonate, quartz,
gserpentine and chlorite. The carbonate is in the form of
small, anhedral granules; the quartz is in tiny, inter-
locking grains with shadowy extinction; the serpentine is
made up of spindle-shaped fibres orientated parallel to the
elongation of the pseudomofph in most instances and the
chlorite occurs as a felty aggregate of minute flakes of
very low birefringence.

The volumetric composition of the pseudomorphs in
61609, is outlined in Table 5 (the percentages given rough,

visual estimates).
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Table

5. 4

Location and relative amounts of replacive minerals in

pseudomorphed olivine grains; specimen 61609,

Carbonate Quartz Serpentine Chlorite
55% 36% - 10%

peripheral internal - central
15% 15% 7T0% -

reripheral peripheral overall -

The ocecurrence of two kinds of olivine in the same

rock (sometimes crysolite and monticellite) is a rather

common feature of kimberlites and aln8ites (e.g. Wagner,

1914, pp. b4, 82; Bowen 1922 p. 2).

In more heavily carbonatized material, typified by

61682, the proportions of the secondary minerals show a
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distinctly differént pattern and there is a consider able
enrichﬁent in'quartz. Serbentine is much less prominent
in the roék, pafitly because of the extensive alteration of
the smaller pseudomorphs.

Mica forms 20 - 30% of the rock as a rule. The flekes
are usually well shaped‘with straight-cut terminations.

The average length is_about 0.2 mm, and the length:breadth
ratio 3:1. Most of the flakes conform rather closely to
these values. Colour is a rather pale pinkish orange;

weak pleochroism is evinced by a greenish tinge associated
with the direction. It is possible that some mica has
broken down completely and merged into the groundmass. - Two
distinct alteration processes have been active - - (i)
marginal alteration to chlorite, (il) development of
carbonate along the cleavages. The mica is.not zoned, nor
does it enclose any other mineral consistently,

Phenocrysts of magnetite are very conspicuous in their
sporadic occurrences but do not constitute an important
modal element of the average rock, Sufficient original
crystal faces remain on some grains to suggest that at an
e_arlier stage in their history they were highly idiomorphic
with octahedral habit. Mostly, the original habit has
been entirely suppressed and in thin section the outline is
sinuous and/or finely denticulate (Fig. 5. 38). It is
eapparent that the grains have been out of equilibfium with
their environment and been vigorously attacked; the attack

has been both physiéal and chemical,
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The physical process has led to the extensive
development of internal cracks within the grains. At
times, these cracks show a tendency toward concentric
arrangement.about local foci. The relation of the cracks
to the internal crystallographic structure of the grains is
very casual and can be seen where the fissures become recti-
linear or zigzag for short distances. Around the margins
of the grains there 1is often a spongy porous zone of rather
-constant width. In the outer part of this zone fragmenta-
tion is very heavy. The lines of weékness are closely
related to the crystallographic structure; this is emphasised
by the euhedral shape of many of the detached fragments.

Chemical attack on the exterior of the grains has
caused deep, smoothly curved embayments, modified in detail
by fragmentation (see above). The corrosive medium has
also penetrated the fissures and enlarged and smoothed
them by solution. This process accounts for the numerous
tiny, elongate cavities within the crystals, and has
accelerated the marginal disintegration. Large grains of
iron ore in a thin section of Aillikite (Kranck, 1939)
show identical marginal corrosion and frégmentation.

(The slide was made available by the courtesy of Dr, @, von
Knorring of the Department of Geology, University of Leeds).

Groundmass grains of magnetite form some 10 -~ 15% of
the rock, mostly ranging from 0,02 - O,05 mm, aeross..
Marginal disintegration is not important and nearly all the
grains are approximately euhedral with octahed_ral habit.

Some of the grains are cracked and all show the spongy, .



Table 5.5

e~

Analysis of 61682, a carbonatised mica-monchiquite with

magnetite phenocrysts.

810g . 22, 5
Ti0g 3.4
Al,05 4.2
Feg0y 7.5
FeO 9,7
MnO 0.2
MgO 12,7
Cal 13.1
Nazo ) trace
Ko0 .1
Pgos . 0.5
COg 20. 8
Hg0 | 2e 1
Ba0 0. 4
Sro ' 0.5
Zro trace
Total- 98, 7

Locality: 550 m, altitude, 8 km. from Narssarssuaq Harbour,
350° bearing.

. Analyst: B. I. Borgen.






porous texture seen around the margins of ﬁhe phenocrysts.
The effect persists to the centre of the smaller erystals.

Magnetite is the only ore mineral seen in polished
section, despife the high normative 1llmenite content in the
analysed specimen 61682, (6.5% I1l). Investigation of some
of the phenocrysts from SPeciﬁen 61683 by X-ray diffraction
showed magnetite to be the only phase present in detectable
quantity.  The unit cell edge size, "al was calculated and
the determined wvalue, 8. 39 R, agrees closely with the value
for pure magnetite recorded by Basta. (Basta, 1957).

61627 is critical to the petrology of the suite since
it contains unmistakable pseudomorphs after melilite in
considerable quantity (Fig. 5.39). In the field, the
weathered gsurface is identical in appearance with that of
the mica-peridotite (see Table 5.1). Thé freshly broken
surface is medium grey, basalt-like,

In thin section it is at once apparent that the
alteration pattern differs from that of the other specimens
examined and it is presumably to this chance that the
pseudomorphed melilite grains owe their preservation.
Cafbonatization and recrystalligation have been relatively
moderate, In eommon with most of the other rocks of this
group, pseudomorphs after olivine are plentiful and fhere
is abundant mica.and iron ore in the groundmass, The
pseudomorphs after olivine are composed of a felt of minute
flakes of chlorite, sometiﬁes erranged to pseudomorph

earlier serpentine.

The pseudomorphs after melilite show the lath-like habit
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characteristic of the mineral. The laths have an average
length of ca. 0.4 mm, and a lcngth:breadth ratio of about
6:1. Squarish cross—-sections are occasionally seen and
the typical median parting is often preserved in the
replacive chlorite. The chlorite fibres are arranged
norhal to the elongation of the grains, as is usually the
case with fibrous alteration products of melilite. The
laths tend to be arranged parallel to one another and there
is a moderate overall direction of the rock fabric, shown
up by the orientation of the olivine and melilite.

61604, from a thin, intrusive sheet on the hillside
above Umiussat seems to have escaped the usual strong
carbonatization, Perhaps because of this, some small
felicts of pyroxene remain; the original mineral may have
been quite abundant as rather stout prisms ca. 0.2 mm. lon_g.
Apatite occurs as sheaves of small prisms.- It seems to
have crystallised later than the pyroxene and mica, It
has been subjected to corrosion, Fine, granular sphene i¥s
abundant, forming 2 - 3% of the rock, In places the
mesostasis (a fine, felcy intergrowth of chlorite and other
alteration products) contains vague, elongated rectangular
outlines of a size comparable to that of the mica flakes.
The habit of these vestigial pseudomorphs is also suggéstive
of melilite,

61612, collected from an inclusion in a diatreme,
shows a type of alteration different to that encountered
in the rocks described above, probably-due'to the different

environment, In particular,. most of the mica has been
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converted to bright green chlorite. In the final stage of
alteration, the mica hés the following pleochroic pattern:
X = emerald green, & = orange

There are numerous elongate vesicular structures in
the rock, each occupied by large grains of clear carbonate
with lamellar twinning.

Small, translucent, brownish sections of an octahedral
mineral are pseudomorphs of amorphous sphene (leucoxene)
after perovskite. Size rarely exceeds O, 0l mm.. The
grains are widély scattered and occupy 1 - 2% of the rock.

- No granular sphene is present,

Assuming that the primary minerals indicated in the
above descriptions have been common to all or most.of the
rocks of the group, a hypothetical, typical specimen, prior
to alteration, might be expected to have approximately the

following mineralogical constitution:

Magnetite phenocrysts + olivine of first generation &%

Olivine of second generations 20%
Biotite ' 250%
Groundmass iron ore 10%

Melilite ' 201%
Groundmass pyroxene, accessories (apatite,

perhaps perovskite), unknown minerals 20%



LAMPROPHYRIC TUFFISITE. -

This materiél, found in some of the diatremes, is
typified by 61616, a highly carbonatised micrdbrepcia of
alnditic composition. Such characteristics of the original
rock as can still be distinguished suggest a close affinity
with the lamprophyres described above, Phenocrystalline,
represented by euhedral, carbonated pseudomorphs, is
plentiful., The groundmass is a fine grained mixture of
carbonate, chlorite and quartz containing corroded grains
of iron ore which are extensively altered to leucoxene,
Rather large subhedra of sphene also occur, assembled in
small clusters. There are occasional phenocrysts of iron
ore closely resembling those in certain of the lamprophyre
sheets (cf. 61682). Locally, small, lath-like grains

replaced by carbonate can be distinguished. They are

. Buggestive of melilite. Mica seems to be absent. The

rock has undergone a kind of auto-brecciation leading to
the development of somewhat rounded fragments a few
millimetres in diameter set in a matrix of similar composi-
tion, The structure is not readily recognised except in
favourable conditions, e.g. when the fragments are stained
by haematite or the matrix is differentially replaced by
carbonate. It is thought that this carbonatised, aln8itic
microbreccia might with some justifiication be classified

as an "autoclastic explosion-breccia" which, by the
definition of Wright and Bowes (1963) "forms by the disrup-

tion of a semi-solid mass of igneous material by the



explosion of cognate gases".

Singewald and Milton (1950) describe comparable

‘material from an alndite pipe near Avon Missouri, and

Fig, 3 of their publication shows a rock very similar to

. 61616, in section. These authors conclude that the alnditic

magma disintegrated into spherules or droplets, following
a sudden release of the high associated gas pressure.

The appearance of the Qagssiarssuk tuf'fisite also
invites comparison with kimberlite microbreccia in the
South African diamond pipes (cf, Wagner, 1914, Plate XIII,
Fig. 25, 4 ); however, Waéner considers the rock "to be due
to the trituration and comminution of masses of sélidified
kimberlite, réther than to a spattering or pulverisation of
the molten rock by the escape from its surface of highly

compressed gases and vapours" (op. cit. pp. 27, 28).

MICA-PERIDOTITE. (£KIMBERLITE)

The only specimen of- this rock type (61607) is taken
from a 2 m. sill on the south bank of the Qordlortog River
at ca, 70 m, The field description can be found in Table
6.1. In thin section (Fig. 5.40), the rock is seen to be
heavily carbonatised. While many of the closely packed
pseudomorphs are readily referred to phenocrysts of olivine,
others have broken down; thus it is only possible to state
that while ca. 50% modal olivine is definitely established
the original amouﬁt may have been considerably more. The

pseudomorphed olivine grains are mostly from 0,5 - 1,0 mm.
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in length although some exceed 2 ﬁm.. The larger grains
tend to be rounded, but more idiomopphic habit is common in
the‘smaller individuals (ef. Verhoogen, 1940). Both
pseudomqrphed phenocrysts and groundmass are largely formed
of fine grained, turbid carbonate. A fine form of silica
is a subordinate constituent of the phenocrysts and in the
groundmass there are localised aggregates of very fine
chlorite.

The amount of mica in the rock is somewhat variable.

In places flakes are closely packed among the pseudomorphed
olivine grains. The distribution may be partly original
and partly a consequence of uneven alteration, Most of the
grains maintain an idiomorphic habits as books with a
breadth:thickness ratio of 2, 5:1, Pleochroism is

pale pinkish brown, slightly greenish, medium brown.
Carbonate has developed quite often along cleavage cracks
and in a relatively few instances marginal alteration to
chlorite can be detected.

Small opaque grains, mostly of squarish s_hape, are
scattered throughout the groundmass, The majority are
sections of octahedra of iron ore and may show marginal
alteration to leucoxene. A few consist of a square rim
of ore enclosing carbonate. These latter, may pseudomorph
perovskite. No other original minerals can be distinguished.

There are a few interstitial, vug-like structures, less
than 1 mm, across. ‘Small grains of water-clear car_bonate
form a denticulate peripheral fringe, euhedral against a

filling of fine, turbid carbonate.



UNCOMPAHGRITE (MELILITE ROCK).

Melilite has been highly susceptible to carbonatisation
in éll the rocks under review. The uncompahgrite, on
account of its high original melilite content, is now the
most highly carbonated rock-type of the ultramafic suite.
Some specimens must contain 60% of normative carbonate,

(the analysed specimen, 61606,'a nodular variety, and
therefore less melilite-rich than many examples, contains

24, 5% COp - - see Table b.6). Some of the intrusive

sheefs are free of inclusions, others contain quantities of
nodules; a few are veéicular. The rock is occasionally
contaminated by the breakdown products of nodular inclusions.

The mineralogy of inclusion-free uncompahgrite is
simple, consisting of melilite (pseudomorphed), biotite
(now usually chlorite), apatite and iron ore. The melilite
grains have been replaced by carbonate; often, a single,
turbid crystal of carbonate occupies the site of a melilite
grain, These pseudomorphs average ca, 0.4 mm, in length.
They have a length:breadth ratio of ca. 6:1 and are arranged
with a strong, parallel flow-structure (Fig. 5.40). The
pseudomorphs are referred to melilite by consideration of
the associated minerals and rock types énd by comparison
with published déscriptions. (cf., Von Eckermann, 1958,
Plate VIiI, Fig. 2, and McCall, 1963, Plate XII).

The finer details of texture are now obscured due to
various alteration processes and the exact limits of the

original melilite grains are no longer c¢lear; thus, a
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" peliasble volumetric estimate of the original melilite

cannot be made and the volume of the associated inter-
granular areas ls likewise uncertain, Undoubtedly the

modal percentage of melilite was very high, probably over
60%.'I The remaining recognisable minerals hardly rise above
accessory status, blivine is aﬁsent, other than as grains
of accidental derivation from associatgd lamprophyric mater-
ial, Narrow laths of chlorite, conforming cl_osely to the :
strong flow direetion of the fabric, are presumed to be
altered dark mica, These laths, which range ffom ca, 0. 4 mm, -
ca, 1.0 mm., are pleochroic from pale green to colourless

and have an abnormal purple interference tint. The chlorite,
in turn, may be altered to clear carbonate with trails of
fine ore grains parallel to the elongation.

Sections of an opaque mineral of octahedral habit are
scattered throughout the rock. They range from 0,2 mm,
across down to tiny granules. Most are markedly euhedral,
many also show considerable evidence of corrosion. In the
more altered specimens there is a rim of leucoxene, Perov-
skite has not been identified. There are a few scattered
prisms of apatite which conform to the flow structure of
t_he rock., They are often infensely corroded and replaced
by carbonate, | |

There is absolutely no sign of any primary mineral
apart from those already recorded. Locally, there are
smell areas of seconddry qguartz, up to ca. 1 mm, across,
which have an intricéate, interlocking relationship with the

surrounding carbonate grains.
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' jSpecimen 61626.ié a highly.cplcareous variety with
some pnusualzééatures., It contains vesicular structures
of.Vefy fégular‘elliﬁséidal form, upzﬁo ca., 1 cm. long.
Thesé are filled with fldkes of chlorite identical to that
of the groundmass, but much larger, spanning éhe cavity.
The chlofite is accompanied by varying quantitieé'of
carbonate and quartz. The carbonate grains of this roek
occur as very short, rectangular seétions and various :
anhedral shapes. A generél directed:fabric is present,
but only occasionally do the usual elongate péeudomorphs
appear. A fractured apatite prism ma& provide the key to
this texture (see Fig. 5.41); it strongly indicates mechanical

grenulation.

NODULAR UNCOMPAHGRITE.

Since the nature of the groundmaés and the nodules, as
well as the kind and degree of alteration, are all variables
in this subordinate rock type, it is convenient to discuss
the petrography in terms of a number of typical specimens.

61607, Melilite pseudomorphs, which constitute'less
than half of the host rock, emphasise a swirling flow
structure around the nodules (Fig. B.41). The other half
consists of turbid, amorphous carbonate, occasional small
laths of biotite and grains of ore. The noduiles are a fine
grained mixture of carbonate, quartz and small, anhedral
clusters of euhedral ore grains are set in this matrix;

their size and abundance are reminiscent.of the phenocrysts
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of the monchiquite and aln8ite, The pseudomorphs are
composed principaily of turbid, anhedral carbonate occasion-

ally pierced by tiny biotite laths. 'In a number of

- instances the pseudomorph is partially or wholly replaced

by a large grain of quartz. The octahedral ore grains are
strongly altered to leucoxene. The smallest nodules often
consiét of an olivine pseudomorph or a cluster of ore grains,
usually -with a small amount of matrix adhering. There are
& few small phenocrysts of biotite in the host rock.

§;§g§ The host rock is largely recrystallisea and
melilite pseudomorphs are rarely distinguishablé. There is
a considerable quantitﬁ of interstitial quartz, sgainst
which carbonate grains ére often euhedral, Other minerals
pregsent are biotite and ore; there are occasional phenocrysts
of brown mica in broad flekes up to more than O.5 mm. across.
The matrix of the nodules is made up of mica, with minor
amounts of interstitial quartz and scattered ore grains.

The pseudomorphs after olivine are of carbonate and quartz
with a sprinkling of small sphene euhedra. Dark mica is
decidedly the dominant mineral of the nodules, Towards the
periphery, the elongated flakes have a very strong tangential
orientation and the outermost part of many nodules is a
nearly monominerallic mica shell (Fig. 5.43).

61630 The macroscopic characteristies of this rock
appear in Table 5.1. In thin section it is apparent’. that
the nodules are of very similar composition to the greoundmass
and locally merge into it. The rock is principally an

amorphous mixture of carbonate and chlorite with a little
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biotite and a sprinkling of fine ore. In the groundmass,
lathy texture is faintl& suggested in a few places. There
are raré microphenocrxsts of biotite, in addition to the
usual small laths.,

There is a slightly heavier concentration of ore
granules in the nodﬁles. Pseudomorphs after olivine are
trangformed almost beyond recognition. The site of these
structureé is usually marked by a patch of clear carbonate
which somet%mes contains small laths of mica. The mica is
of late erystallisation and is idiomorphic where enclased

in the clear carbonate.

In some of the intrusions, nodules with an internal
partition structure have been observed. A particularly
fine example occurs in 61607, (see Fig. 5.40). Within a
nodule of rather irregular form an extremely narrow line of
‘tiny quartz grains forms a perfect ellipse which is
approximatély concentric with the exterior. The mineralogy
on either side of the ellipse is identical., iIn specimen
61608 there are numerous examples of a concentric structure.
The composition of the rock is similar to that of specimen
61630 and the structure is formed by a slight cencentration
of ore grains along an ellipsoidal plane concentric with the
exterior surface,’ It is assumed that the structureg in
speciﬁens 61607 and 61608 represent the same phenomenon.,

The difference in appearance is a consequence of different
alteration histories. The cause of the structure is unknown;

alternative explanatory theories are: (i) the structures are



"Table 5.6

Analysis of 61606, carbonatised nodular uncompahgrite.

Wt. %
8102 13,0
T102 Be 8”7
Fegos 5. 9
FeO 18,7
MnO 0,5
MgO 11. 9
Ca0 10. 4
Na20 trace
K20 0.7
P205 Oo 5 )
002 24. 5 ’ -
Bago 1.3
Sr0 0, 9
Zr02 trace
Total 99, 2

Locality: 40 m, altitude in Qordlortog River, Qagssiarssuk,
South Greenland.

Analyst: B, I. Borgen.,



fgrowth rings", implying that the outer zone of the nodule
grew as ﬂhmntle about the inner part, (ii) the structures
are concentric tension cracks, in the one case filled by
secondary quartz, in the other emphasised by metamorphic

differentiation.

MICA PYROXENITE,

In specimen 61638, the normal medium grained variety
is cut by a seam of coarse "pegmatitoid'. In the mbre
usual textural type, dark mica constitutes about half of
the rock. It occurs as untidy assemblages of ragged, broad
flekes up to ca. 1.5 mm. long. The colour is pale, pinkish
.orange; pteochroism is so faint as to be masked by the change
of relief on rotation of the section in plane polarised light.

Alteration of the mica 1s not obvious. Thin fiims of
carbonate occasionally penetrate cleavages and locally part
of the edge of a crystal may grade to the pleochroic schehe

X = coloﬁrless, ¥ = pale green, probably indicating

chloritisation. The margins are generally far from straight.
Inclusions of iron ore and sphene are quite abundant; their
location seems to conform to the general pattern of
distribution of the two minerals throughout the rock and it
is likely that the mica encloses them poikilitically. '
Occasionally there is a narrow zone of dark brown discoloura-
tion in the miéa around the sphene - ~ this is not a
pleochroic halo,

There is a rather uneven scattering of subhedral grains
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of iron ore in a range of sizes from ca. 0.1 mm, downwards.
Sphene often accompanies the ore, although not invariably.
when the mineral occurs alone, it tends somewhat toﬁard
idiomorphic habit, otherwise it forms eclusters of anhedral
granules. - The largest grains are 0.4 mm, across, pleochroic
from rose pink to colourless. There 1s no sign of perovskite.
. Apatite occurs és small corroded prisms in the groundmasg.
The bulk of the mesostasis consists of an aggregate of
elongéted grains ca. 0,04 mm, long-with a very pale.greenish-'
yellow tinge. The meximum interference tint is first order
red, extinection is strongly inclined (zAc = ca. 45°, 2V is
moderately large and positive). The mineral 1is probably
pyroxene. Within this groundmass, there are some small
areas of.a water-clear mineral with a more prominent cleavage
end slightly higher birefringence. These areas are thought

to be relics of larger grains of clinopyroxene.

ALTERED MICA-PYROXENITE.

This variety is represented by the ahélysed specimen
61634, When this rock was submitted for analysis, it‘was
believed to ﬁgbthe least altered pyroxenite material aVailéble.
Specimen 61638 which was sectioned later, proved to be much
less alteréd.

Alteration of the rock has been a localised, rafher
than an>overall process. Areas in which the original

mineralogy has been substantially preserved lie adjacent

to areas in which it has been almost totélly obliterated.
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A dark mica is the most ebundant primary mineral. In
the less altered parts it may constitute as much as 70% of
the rock and it may originally have been evén more abundant,
The grains have been well formed, averééing about 0,4 mm,
across, with a breadth:thickness ratio geldom exceeding 2:1,
Pleochroism is OC= straw, ¥= chestnut brown. Apparent
zoning, producing a darker rim 1n'sections orientated to
-show moderate to low absorptiqn, is an alferaﬁion effect.
Strong zoning is restricted to severely altered grains

&

isolated in the altered areas.,
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Many of the flakes are pierced by small prisms of apatite.

Except in the freshest parts of the rock, these are replaced
by carbonate,

Alteration of the mica proéeeds both marginally and
along cleavage cracks. The resulting materisl is a very
fine grained aggregate of tiny chlorite flakes.

In addition to mica and apatite, iron ore is probably
enother of the primary minerals. Together with_the associa-
ted sphene, the small opaque euhedra are confined to the less
altered portions of the rock. Here they are rather evenly
distributed, forming about 10% of the material present.
Sphene fringes some of the oré grains as tiny anhedral
granules and also oécurs as discrete grains (occasionally
euhedral) in the groundmass. The close association of this
titania rieh mineral, in considerable quangity, with the iron

ore, suggests that the ore has been a titanomagnetite or an

intergrowth of magnetite and ilmenite, The exceptionally

high TiO2 value in the analysis (6.2#%) further supports this
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idéa (the C.I.P.W. norm calculated for the rock contains
11, 9% II).

The mesostasis of the less altered areas of the rock
is almost wholly of fine chlorite similar to that derived
from the alteration of the micea. There are also occasional
slender needles of ? actinolite, Carbonate is a negligible

constituent.

There is a marked contrast in petrography between the
altered and less altéred areas and the transition is rather
abrupt. The principal constituents of the altered areas
are chlorite, ? actinolite and calcite (X-ray identification)
The calecite occurs as rounded bodies dp to about 1 mm, across,
consisting of a few clear, interlocking grains, set in a
matrix of the other two minerals. The chlorite is partly
in units which show an aggregate extinction effect suggest-
ing & spherulitic structure; ? actinolite occurs as a felt
of disorientated needles. The two minerals are most élosely

associated and their distribution appears to be unsystematiec.

MICA-PYROXENITE PEGMATITOID.

In thin section, the junction between the normal variety
of mica-pyroxenite and the pegmatitoid appears to be quite
sharp (61638), In the pegmatitoid, there is & striking
contrast in size between the miéa plates, which are several
millimetres across, and the groundmass, which is fine
grained, similar to that of the normal rock,

The mica is rather unevenly distributed; the average



Teble 6.7

Analysis of 61634, altered mica-pyroxenite.

810, 37. 6
T104 6. 2
Algo04 6.2
Fegos b, 9
FeO - 12. 0
MnO 0.2
MgO 13,1
~Cal 7.2
Nan0 © 0,2
Ko0 4, 9
P20g 1.0
COy : 2.7
Ho0 1.6
BaO 0.6
Sr0 0. 2
Zr0qg . trace
Total 99, 5

Locality: On shore, 5.2 km, from Narssarssuaq Harbou r on

3500 bearing.

Analyst: B. I. Borgen.
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" proportion must be in the region of 20%. The grains are
"quite idiomorphic. Colour, pleochroiém and alteration
agree with the description of the mica in the normal_rock.

| R.I. is 1.630. Deer, Howie and Zussman (1962)Vol3,p-48)
quote authorities to illustrate that "no aeccurate correlation
can be found between optical constants and composition of
the phlogopite-biotité minerals". However,'the refractive
indéx, pale colour and weak pleochroism, taken together, do
seem to indicate & phlogopitic variety.

While much of the groundmass corresponds to the
description of the normal rock, relics of sizeable pyroxene
grains are much more prominent here. Under crossed nicols
considerable areas have a common extinction position; close
investigation shows these areas to have fhe outlines of
sections of euhedral pyroxene prisms several millimetres
in length. In instances these prisms are seen closely
pracked together and it seems possible that at an early stage
of its history the rock was essentially a thorough-going,
coarse pyroxenite. Most of these large, primary pyroxene
prisms are wholly broken down to a felt of undirected, tiny
grains of secondary pyroxene. All the intermediate stages
of this process are displayed.

Scatteréd prisms of slightly corroded apatite occur in
the groundmass, Iron ore is a minor constituent and occurs
as sporadic sprinklings of fine opaque dust in the ground-
mass, Parts of the rock appear to be quite free of ore.

Granules of sphene are scattered throughout the

groundmass without any correlation to the distribution of ore.



The final stages of crystallisation of the rock are
repreéented by small vugs and tiny interstital areas where

carbonate and quartz have developed. The two minerals

occur both independently and together; carbonate is slightly

the more abundant. Grains of sphene occur within the
Quartz and carbonate"in some quantity. The grains are up
to 0,25 mm. long, subhedral, and have an unusually strong
pleochroisnm, roée pink to colourless. Adjacent to these

areas, the groundinass pyroxene adopts a greenish tinge and

at the margin there is a bristling zone of slender, green,

slightly pleochroic needles with the straight extinction
and brilliant interference colours typical of aegirine,
Both the carbonate and the quartz are plerced by the
aegirine.

Ore grains are not found within the altered zones.

Mica may persist almost to the centres of the zones, becoming

progressively altered. In the final stages, all that
r_emains 1s & few streaks of tiny ore grains, parallel to
the original oleavage.

There is not the slightest indication in the rock of
any structure which might be interpreted as a pseudomorph
after any silicate mineral, other than mica.

It seems quite likely that the alteratibn zones are
the result of a deuteric alteration or autometamorphisgm
active at numerous centres within the rock.

A similar rock, emplaced nearby as a diatreme, (G.G.U.
61637) has a notdﬁly porous weathering pattern. This is

produced by the differential weathering of an internal
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structure which appears to be spherulitic. The rock is too
intensely altered to allow definite confirmation of this

structure.

Dark, Bagic Inclusgions in Pl,

In thin section, this rock (61636) appears to be
intensely metamorphosed and consists of a mass of very
fine chlorite with moderate sprinkling of iron ore (magnetic)

and some finely granular sphene.

The mica-pyroxenite has certainly escaped the wholesale
carbonatisation to whiech the lamprophyres were subjected.
The carbonate which does occur in the rock may be primary,
a product of the residual magmatic fraction. The develop-
ment of pegmatitoid is a strong indication of late,_localised
concentrations of volatile material, The late stage
minerals identified are quartz, calecite, aegirineland sphene,
indicating enrichment in Si0g, CaO, FeO, TiOp and GOg,  The
Pyrite mineralisation of the granite inclusions may have
Been caused by the same residual fluid, in which case sulphuf

was another of its constituents.

2. Potash-Feldgpathisation of the Country Granite,

Potash-feldspathisation, a metasomatic effect allied
to fenitisation, affects the country rocks adjacent to
several of the African carbonatite intrusions (ef. Bailey,

1960; Garson, 1962). In the Basement north of Qagssiarssuk,
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country granites adjacent to the carbqnatised ultramafic
intrusives have feen subjected to a éimilar process.

Stages in the progressive transformation of the
country rocks are illustrated by a small suite of specimens
(see Appendii I) cﬁllectéd from within and adjacent to and
within carbonatised pipes and sills in the Basement.

. Completely unaltered country rock was not available

for reference in this study; R. W. Nesbitt (1961) and

W. S. Watt (1963), working in Basement country south-east

of Tunugdliarfik and norfh-west of Sermilik respectively,
have described basement rocks in ground beyond the influence
of these younger intrusives. .Their accounts, supplemented
by unpublished internal reports of other members of the
Survey, indicate that the country rock of the region is

most generally of granitic to granodioritiec composition,
Miecrocline, albite or oligoclase and quartz are accompanied
by muscovite, bietite and hornblende, singly, or in various
conbinations. Much of the material collected comes from
the area designated "Gneiss" in Figure 5.7 and in most cases
where alteration permits, the parent rock can be idemtified
as a muscovite adamellite.

In its ultimate development, the metamorphism leads to
the conversion of the parent adamellite to a near-mono-
minerallic rock consisting principally of highly potassiec,
monoclinic feldspar. While the transformation is essentially
a gradational process, it is convenient to describe it in

terms of stages.
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Stage 1-is illustrated by 61870. Mechanical effects are
vefy prominent at this stage. Mortar structure is developed
(Fig. b5.44), with a notable size contrast between the
remaining large grains and the fine granules of the comminu-
ted groundmass. The groundmass material can often be
correlated with the adjacent large grains; for example, if
these are all of plagioclase, the grpundmass will be of
plagioclase granules, but if both plagioclase and microcline
occur together as large grains, the groundmass will be a
mechanical mixture of both minerals. Quartz is usually
absent from the granulated groundmass. Mafic minerals, if
present, may be dispersed as small shreds.

The large grains are of plagioclase, microcline and
quartz. While the quartz and micrécline'are rather clear,
the plagioclase is invariably turbid. Most of the large
grains show signs of strain, expressed by uneven extinction
and intense fradtufing. All grain boundaries are very
intricate with lobes of a size eorresponding to that of the
groundmass granules; otherwise, there is no sign of recrys-
tallisation or quartz-feldspar intergrowth.

The plagioclase has at least a slight tendency toward
idiomorphic habit and some grains are sub-rectangular.

Many grains are intensely strained and show distortion of

the twin lamellae; some have a mosaic structure where the
grain consists of a number of subdivisions with lamellar
twinning developed at a different orientation in each. The
plagioclase is distinctly twinned on the albite law (occasion-

ally in combination with the Carlsbad law). There is no

i
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‘evidence of zoning as a rule, although in some cases the

distribution of the alteration products may show a slight

'suggestibn of conecentric zonal arrangement, All grains

are sericitised to some extent, but the intensity of the

sericitisation varies somewhat throughout the rock. In

- individual grains alteration is often less intense at the

periphery. The sericite flakes are often quite large and

prominent, The refractive indiées of the plagioclase

. embrace that of canada balsam and the extinction angle of

albite twins normal to (610) is not more than 15°. Composi-
tion thus lies in the range 5 - 10% An.

Relativély few of the microcline grains show th_e
characteristic "térfan" twinning pattern. Very fine blebs
of perthitic plagioclase may be present in some grains, but
identification is uncertain.  The obiiquity (ef. Appendix I)
is the highest found in this series, £ = LOJ

Although quartz is rare in the groundmass, it is abundant
as large grains or strings of grains elongated parallel to the
general direction of the fabric. These grains are strained
and contain ﬁumerous lines of tiny inclusions.,

Partial analysis of 61870 gave the following results:

wt. %
N&zo 5, 00
K20 5, 00

Stage 2 is represented by speécimens 61608, 61631 and 61632,

rocks of somewhat contrasting appearance, 61608 is an



angular fragment of granite, less than half a centimetrelin
length, set in carbonatised uncompahgrite, Nearly half of
the granitic rock has been replaced by earbonate; the
carbonatisation has been general, rather than confined to a
particular mineral species. Some white mica remains.

61631 is an angular fragment of comparatively melanocratic
gneiss in the nodular lamprophyric breccia. Amphibole and
dark‘mica are well preserved; between 10% and 20% of the
rock is replaced by carbonate, 61632, a gneissose type
representing country rock from close to the nodular intrusion,
is very leucocratic, with tiny flakes of dark mica as an
accessory. The rock contains no carbonate. Quartz is
abundant in 61632 but appears to be absent from 61608 and
61631, In spite of the contrasting mafic-mineral assemblage
and the differing degrees of carbonisation, the texture and
thg nature of the feldspars is similar in these specimens;
the following observations are based on examination of all
three rocks.

The strongly directed fabric found in stage 1 persists
and the contrast between large grains and fine grained
groundmass is still pronounced, but there may have been
considerable recrystallisation in the groundmass, leading
to a rather coarser, allotriomorphic granular mixture of
microcline and albite,

The large plagioclase grains show many unusual features.
Alteration products are restricted to irregular zones within
the grains, and consist chiefly of a scattering of sericite

flakes up to 0,05 mm. long. Outside these zones, the
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feldspar is clear. Refractive index is lower thean that of
;anada balsam and hence composition is close. to the sodic

end member of the plagioclase series., Many of the grains
have a peculiar uneven éxtincfion suggestive of gradational
zoning; sometimes this is developed about several centres
within a single grain. Albite twinning is preserved to a
varying degree and is often very faint or entirely absent.
The extent to which the twinning is preserved in a particular

grain seems to bear some relationship to the degree of

‘cloudiness or amount of alteration products remaining; the

most distinet twinning often seems to occur in association
with sericite (cf. Fig. B6.45. ). In some grains, alteration
products and distinct albite twinning occur in the centre
while the marginel zone is free of alteration products.

The albite twinning, on entering the marginal zone, rapidly
becomes very faint and disappears. A number of the sodie
feldspar grains contain.small repiacement patches of micro-

cline, These pateches are of sporadic occurrence; their

-shape and orientation is likewise unsystematic. They occur

marginally, along internal fractures, or isolated in the
interior of the host grain, Where the albite twinning of
the host grain 1s still distinguishable, one of the sets

of twins (probably those on the albite law) of the micré-
cline ig orientated parallel to these. Under crossed
polarisers at intermediate magnifications the twin lamellae
of the two phases may appear to be in continuity and in the
absence of a second set of twins in the microcline, the

occurrence of the microcline patches may actually be

Y
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" overlooked, Under plain light the strong refractive index
contrasﬁ betWeen the two alkali feldspars is at onece
apparent and at higher magnification it can be seen that
the microcline twin lamelli‘do not have parallel sides.

The obliquity of the microcline is substantially lower
than in stage 1; & has velues of from 1,00 - 1,02  Small
blebs of myrmekite occasionally occur where grains of micro-
cline and plagioclase are in juxtaposition,

The X-ray diffraction traces of 61608 and 61631
(Fig. 5.46) indicate the presence of monoclinic potash
feldspar in significant amount. The loeation of this

material is unknown.

Stage 3 is represented by specimens 61614, 61615 and 61616.
All these rocks contain in the region of 10% of carbonate
as scattered, anhedral, turbid interstitial‘graihs.
PFoliation is still prominent on a macroscopic scale and
appears as thin, parallel streaks of colourless feldspar
_in the red rock. In thin section the strﬁcture can also
be seen at low magnification, descernible as alternating,
elongated areas of clear and clogdy feldspar. Although
clear or cloudy material may be locally dominant, on an
average they must be present in roughly equal amounts,

The clear grains ar_e probably all of microcline; charac-
teris%ic twinning is but poorly developed and some érains
are devoid of visible twinning, The turbid grains contain
' no internal structure other than occasional small patches
of miero_ecline which shﬁw no refractive index contrast

againgt the host grain. The turbidity is caused by fine
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haematite and some sericite. Investigation by X-ray
- diffraction shows microcline and monoclinic potash feldspar
present in substantial quantity, but there are no reflections
from an albite phase. It is assumed that the turbid grains
are of the monoclinic phase. Their refractive index is
pimilar to that of the microcline. Quartz is thought to be
typically absent from répresentatives of this stage. Strong
silica refleétions in 61614 are caused by chalcedony,
believed to be a product of-secondary sllicification, The
same specimen contains a considerable quantity of'apatite.
Chemical analysis of 61615 for alkalies gave the

following results:

wt, %
Na20 0. 50
K20 11, 57

Bpecimen 61617 represents another feldspathic rock type
derived from country granite. Its position relative to the
threecstages described above 1s uncertain; possibly it
occupies a position intermediate bétween stage 2 and stage 3.

In thin section, the directed nature of the fabric is
maintained by strings of grains of turbid carbonate but is
not otherwise apparent, The feldspar grains are anhedrsl,
and interlock with one another; grain size 1is quite even.
Under the mieroscope the whole rock appears turbid. Some

larger grains show fairly distinct albite twinning; sometimes
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the orientation of the twinning changes from one part of the
crystal to another, producing a mosaic effect. The majority -
of the grainé in the rock appear to be of a perthite with
very fine, parallel exsolution lamelli, however, the altered
nature of the rock precludes a definite determination by
optical means. The X-ray diffractomer trace of the rock
(Fig. 5.46) indicates that while monoclinic alkali feldspar
end albite are both abundant, microcline, if present at all,
is in very small qﬁantity. Quartz appears to be absent.
There is some apatite,

Partial chemical analysis of the rock yielded these

results:

wt. %
Na20 6, 40
K20 7. 60

Summing up, the process of potash feldspathisation,
when fully developed to stage 3, converts a granitic rock
composed of microcline, plagioclase, quartz and mafic
minerals to a syenite consisting of mohoclinicupotash
feldspar and very little else, The intermediate stages
in the process are not well documented; a much larger
quantity of material would be desirable and optical and
chemical data about stage 2 are required., In outline, it

is suggested that the transformation process takes place as
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- follows:

First, the country rock is crushed ﬁnd mylonitised.

. . Next, the plagioclase becomes cloudy and sericite develops;

iime is expelled and the plagioclase becomes albitiec. Small
patches of replacement microcline appear in the albite, and
cryptic orthoclase develops in the rock. The'mafic minérals
and quertz are eliminated soon after. (If the rock were
heated above the alkali'feldspar solvus at this stage and
then cooled, with exsolﬁtion of perthite, the resulting rock
might resemble 61617%)..
The.principal constituents are now presumably‘albite,

monocliniec potash feldspar and microcline, Introduction
of potash on a large scale, with loss of most of the soda,
is accompanied by recrystallisation. Potash is now the
dominant alkali and monoclinic symmetry becomes universal,

I In these rocks the stage of the feldspathisation and

the degree of carbonatisation are not necessarily related.



3. IGNEOUS ROCKS OF THE QAGSSIARSSUK TRIANGLE.

THE BASALT LAYER,

The basalt consists of an aphyric, undirected mesh of
plagioclase laths with interstitial to sub-ophitic pyroxene.
-Plagioclase is considerably more abundant thgn pyroxene.
The laths range in length from ca. 2 mm. to ca. O,2 mm.
without eny particular size fraction predominating. Twin-
ning on the albite law is usual and there is strong,
gradatibnal zoning, Pyroxene, which is rarely preserved,
is pale pink. Primary iron ore cannot readily be disting-
uished from ore of secéndary‘origin; there must have been
about 5% in the original rock, prior to alteration.

Pyroxene.is the first mineral to alter and it is
 replaced by chlorite with a sprinkling of small jagged
grains of ofe. Ppesently flakes of sericite form in the
plagioclase. These flakes may be up to O.3 mm. across,
with optica1~properties characteristic of muscovite. The
séricitiﬁation is not an even process - large flakes may be
deVeioped.at one end of a lath while the other end is quite
clear and apparently fresh.

With increasing alteration the pseudomorphed pyroxene
breaks down and the rock'ssoriginal texture is maintained
only by the feldspar. Carbonate and chalcedony make their
appeapance and the amount of chlorite increases. In the
most heaviiy altered basalt, chlorite makes up about half

of the rock and replaces much of the feldspar. Discordant



areas are completely filled with chlorite, mostly as a very
fine grained aggregate with occasional feafhery, spherulitic
structures. Most df the carbonate is in irregular patches,
turbid and amorphous, but there are also some discrete

grains, anhedral, clear, with lamellar twinning.

THE BASALT OF QAGSSIARSSUK SHORE,

In mineralogy, texture and alteration pattern this rock
is quite distinct from the type described above. _Despite
heavy alteration the texture is well preserved and the
nature and approximate proportions of the original minerals
are guite obvious. The feldspar pheﬁocrysts are broad
‘laths about 2 mm, long, -The_remainder of the feldspar is
in the form.of slender laths, ranging in length from 1 mm,
to 0.2 mm.. Seriéitisation 1s intense and evenly developed
throughout the plagioclase as tiny flakes so closely packed
that they partly obscure the twinning. = The refractive
index of the plegioclase is higher than that of canada

balsam, The pyroxene has been roughly equal in amount to

the feldspar and has been sub-~ophitic. It is now completely

replaced by chtorite and iron ore, the latter in the form

of slender rods and parallel trails of tiny grains. Olivine

has also been replaced by chlorite and ore; in this case the

ore is disposed around the periphery of the grain and occupies

the site of cracks in the original mineral. There is ebout
10% of these pseudomorphs modally, eve_nly distributed

throughout the rock. The largest are about 0,5 mm, in



diameter. . All have a well-rounded shape. Carbonate and
.primary ore appear to be absent. The vesicles are filled
- -with the same aggregated fine chlorite which is found in

the pseudomorphs'aftér pyroxene and olivine.

CARBONATISED LAVAS,

(1) Extrusive. The colour of these rocks ranges from
pink to purple. The rock is fine grained, but with a hand
iens small laths of darbonaﬁe can be distinguished. Vesicles
are usually sbundant; they are a centimetre or two in length,
elongate, sometimes'dumbell-shaped and filled with rather
coarse, white, crystalline material.

In thin section (e.g. specimens 61686, 61740, 61708
and 61724), the main body of the rock fis seen to consist
almost entirely of carbonate, most of it in the form of
closely packed rectangular laths. These laths show
congiderable evidence of flow alignment, as a rule, and are
arranged t@ngentially around vesicles énd inclusions, In
some specimens, the laths appear.to fall into two principal
size groups, one with an average length of ca. 0,3 mm.,
the other about 1.0 mm.. The length:breadth ratio‘in both
cases is approgimately 6:1, Intermediate sizes are also
developed (cf. Fig. 5.47).

Recrystallisation has obscured the texture of the rock
to a verying degree, Grain boundaries are mostly somewhat
irregular in detail. The outlines of thé laths have Dbeen
Preserved and emphasised by finely divided haematite which,

together with fine carbonate, forms most of the rather
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restricted area between the laths. The haematite 1s
responsible for the colour of the rock. The smaller laths
are made up of a mosaie of tiny, anhedrél granuleg of
carbonate with a diameter of ca. 0.0l - 0,02 mm.. The
large laths usually consist of a single crystal of carbonate
with'its ¢ - axis parallel to the direction of elongation
(this is shown by invariably straight extinction). In
specimens from the northern edge of the outcrop of the
Calcareous Volcanic Unit 61740 and 61708, calcite is the
principal carbonate present; dolomite is ﬁresent in decidedly
subsidiary quantity. In the other specimens, taken along
the shore to the south and east, the calcite:dolomite ratio
is about 2:1._.

The remaining primary minerals, viz., apatite, iron ore,
mica and possibly perovskite can harﬁly have occupied other
than accessory status, as regards quantity. A number of
sections of haematite, ca., 0.2 mm., across replace a mineral
or minerals of octahedral habiﬁ, presumably magnetite and/or
perovskite, Apatite occurs as sparsely scattered small
prisms up to 0,5 mm. long. Some show minor signs of
corrosion and a few are partially replaced by carbonate.

In 61718 a large carbonate lath is pierced by a numﬁer of
apatite prisms and in the same rock apatite has developed
in an altered feldspathic inclusion. Rare, pseudomorphed,
narrow flakes of mica occur in some specimens. The

replacing minerals are carbonate and haematite.

PR
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Chemical Analysis of Carbonatised Lava 61740

810, 4,4
Ti0g 2. 4
Al50, 0.7
Fe 04 4.1
FeO 0. 5
MnO 0, 5
MgO 7. 2
Ca0 _ 40,1
Na20 0. 2
K50 0.1
Po0g 2,7
Co, 36. &
Hzo 0.1
Bao : 0.1
Sro0 0.4
TOTAL 99.9

Locality: 80 m, altitude, 500 m. from K. G. H. store on

180° bearing, Qagssiarssuk, South Greenland.

Analyst: B. 1. Borgen,
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fhe alkalies are probabdy present in fine, xeno-

'Erystalline alkali feldspar. There is sufficient alumina

and silica to combine with the alkalies to form normative
alkali feldspar (Or O,44%, Ab 1,26%); the small surplus
of alumina can be calculated as anorthite . The small
amount of normative silica then remaining (O, 16%) is
certainly present in the rock as interstitial secondary
quartz. The high titania of the analysis would be accom-
modated in ilmenite and sphéne (0. 43% and O, 94% respectively)
in the norm. It is very probable that these ﬁinerals are
actually present in the rock in a very finely dividedlform.
Their low concentration has precluded their identification
by X-ray methods, Sphene is tentatively ldentified in
61739 (below) and has been recognised in many of the
carbonatised minor intrusives north of Qagssiarssuk.
Barytes is usually quite abundant, occupying interstices
between the carbonate grains, A 1little quartz may also
occur in gimilar loeations. Both minerals are thought
fo be secondary. Carbonate occurs in all the vesicles and
in many cases it is accompanied by barytes which tends to
occupy the centre, Usually a few large crystals of the
minerals occupy the greate_r part of the cavity and these
are surrounded by a single row of smaller carbonate grains,

The amygdﬁlar minerals are. allotriomorphic.

Non-vesicular variety. Specimen 61708 was taken from a

massive, homogeneous red limestone which in its field

occurrence was judged to be a carbonatised lava flow; the



lack of vesicles was sufficiently unusual to cause a sample
.to be taken. The rock is composed almost entirely of
calcite, and dolomite is not present in significant amount.
In thin sectioﬂ it is immediately apparent that the rock
differs considerably from the other lavas, for there is no
sign of the lath-ghaped grains. Instead, there is a
hypidiomorphic granular fabric of rather clear calcite
crystals, The crystal boundaries, which are often straight,
are emphagised by an intergranular film of opaque material.
Apart from some inferstitial barytes and quartsz, %ﬁ& only
other minerals are iron ore and apatite, The small sections
of the ore are indicative of octahedral habit modified by
corrosion, Apatite, which is abundant, occurs as euhedra

of varying sigze. The largest grain seen presents a hexagonal
cross section 0.5 mm., across. A corroded ore grain 0.4 mm,
long is penetrated by five small prisms of apatite. The
texture of this rock is almoest certainly a result of
recrystallisation, This could have related to one of the

younger 600 dikes.

Conglomerate pebble. A pebble of carbonatised lava,

specimen 61732 was found in a conglomerate (or agglomerate)
near the top of the Calcareous Volcanic Unit, at the shore.
Macroscopically the rock appears to be made up 6f well
laminated elongate tablets, 2 - 3 mm. long. In thin
section it is seen that the outlines of the tablets are
maintained by fine granules of haematite and that the rock

is otherwise a structureless mosaic of tiny grains of



carbonate. The carbonate proves to be dolomite; calcite
is absent. Some dislocation has caused a narrow zone of
recrystallisation which runs across the specimen. Apatite
is preéent, the size and quantity of tﬁe grains recalling
the more typical lavas described above, Ore is present
in' very small quantity and seems to have suffered heavy
alteration. There is a fair amount of secondary quartz

and barytes.

(2) Intrusive Carbonatised lava similar to the normal

cafbonatised extrusive type is found in a neck, a dike and
a sill (represented by specimens 61739, 61744 and 61747,
respectively). Texture is best preserved in the neck;'
the outlines of the lath-shaped grains are distinct and
there is strong flow direction. In the other two minor
intrusions the original texture has been largely oblitera-
ted and the outlines of the laths stretched and streaked
out, The apatite grains in these rocks are fractured and
dislocated (cf. Fig. 5.41). It is evident that these
highly calcareous rocks have yielded to slight plastie
deformation, not sufficiently strong to wholly obliterate
the lath texture or cause recrsytallisation of the carbonate.
The carbonate of these rocks is dolomite; the sill rock
also contains a subsidiary amount of calcite. Specimen
61739 from the neck contains some fine gr_ained interstitial
chlorite; this is the only recorded instance where one of
these carbonated lavas contains a mineral other than

carbonate or ore which might represent the alteration
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products of original groundmass material developed between
the laths. The same rock contains heavily altered
inclusions whose original nature is no longer certain,

The replacing minerals are carbonate, barytes, chalcedony,
chlorite and opaque material, An aggregate of strongly
altered dark mica about 5 mm., across is possibly a relic
of the material of which the inclusion was originally or
wholly or partially composed, Specimen 61739 is further
exceptionai in containing sparsely distributed structures
of ore and carbonate which are believed to be pseudomorphs

after euhedral olivine pseudomorphs.
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THE TUFES
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The following varieties of tuff are distinguished:

1. Fine Calcareous Tuff

2, Coarse Calcareous Tuff

3. Martite Tuff
4, "Tilestone"
5. Lepilli Tuff

6. Aln8itic Tuff

Constituents of the tuffs

IGNEOUS
FRAGMENTAL
MATERT
COUNTRY
TUFF
ROCKS
MINERALS
OF
POST
DEPOSITIONAL

INTRODUCTION

CARBONATE ROCKS
ALNOITE
(MICACEOUS ROCK)

BASEMENT GRANITE
SANDSTONE

(BASALT)

" BARYTES

FLUCRITE

(CARBONATE)

o



Th; gbove diagram summarises the rock types and
minerals of which the tuffs are formed and outlines their
sources.

'Of the igneous rocks which contribute to the tuff
fragments, carbonate types are dominant and aln8ite
considerably less important. "Micaceous rock", shown in
parentheses in the diagram, is hardly more than suggested
by petrographic examination; there is a considerable
development of dark mica in occasional lapilli of t_he
lapilli tuff, suggesting a genetic identity with th_e
nodular inclusions of the minor intrusives north of
Qagssiarssuk in which mica is sometimes extensively
developed at the expense of alndite.

The indefinite term "carbonate rocks" covers carbona-
tised silicate types (sucﬁ as the carbonatised lavas) and
makes provision for the inclusion of hypothetical primary

carbonate material derived from carbonatite magma.

(1) Fine Calcareous Tuff

The very small grain size and general lack of any but
the tiniest fragments of cognate or accidental material
suggests that this variety of tuff formed from the finest
carbonate ash fraction which was dispersed into the
atmosphere by explosion and accumulated for some distance
from the vent. The individual carbonate grains which
make up the bulk of the rock are clear, anhédral and less
than 0,02 mm. in diameter. Minute, angular grains of

quartz and feldspar are sometimes present to a very limited



"gon

300

eitent. Representative specimens are 61719, 61727, 61731‘
and 61734,

(2) Coarse Calcareous Tuff

The constituents of this rock, as a rule, resemble
those of the carbonatised lavas, The bulk of the ground-
mass consiéts of anhedral carbonate grains of various sizes
among which entire or fragmentary lath shaped carbonate
pseudomorphs are occasionally seen, There is no means of
telling whether the original silicate mineral was replaced
by carbonate before or after the deposition of the ash.

As in the lavas, both calcite and members of the dolomite-
ankerite series occur; (the present distribution of the

two carbonate varieties probably developed after deposition).
Grains of magnetite and apatite similar to those of the
lavas are quite common. They do not, in general, appear

to have been corroded or fragmented to a greater 'degree

than grains in the lavas.

It is possible that calcareous ash of primary origin
(i.e. derived from a carbonatite magma) is a constituent
of these tuffs, indistinguishable from carbonatised sili-
cate~lava ash,

Grains of quartz and alkali feldspar, principally
derived from the country sandstone and granite respectively,
occur in varying quantity. There are also grains and
small, angular fragmehts of a syenitic rock similar to

the feldspathised basement granite described below. The
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most abundant fragmental material in all size fractions is
carbonate rock, Often the fragments are vesicular and
texturally identical with the lava; other allotriomorphic
granular carbonate inclusions may be carbonatised lava or
tuff which has been recrystallised, or may represent primary
carbonatite material, Representative specimens are 61687,

61688, 61712 and 61734.

(3) Martite Tuff

A sub-variety of the Coarse, Calcareous Tuff, the
Martite Tuff is a rock of rather spectacular appearance,
characterised by numerous large octahedra of martite with
stepped or striated crystal faces, set in a fine grained,
deep crimson matrix. These octahedra, which are up to
1 cm. in length, locally make up more than 15% of the rock
by wvolume, Such concentrations are rare, hoﬁever, and
are 1mpersistan£ vertically and horizontally, There is
a considerable amount of haematite present as tiny scales
in the matrix of the rock and this mineral, together with
the fluorite, is responsible for the striking colour which
persists in both weathered and fresh specimens, Barytes
is abundgnt as ifregular pods and veinlets of coarse
crystals, Fluorite is sometimes visible in the hand
specimen; under the microscope it proves to be unexpectedly
abundant, constituting a large proportion of the groundmass
(the fluorite lines are the most prominent in the X-ray
diffraction pattern of the rock powder), Only omne

carbonate mineral 1is present in this tuff, a dolomite low



in iron.- Carbonate is developed in two distinct

crystalline forms:

(1) As euhedral rhombs, often very tiny, with a rusty
appearance due to fine, goethite-like material arranged in
concentric rhombohedral zones, These grains occur singly

or in groups and are enclosed in fluorite.

(ii) as groups of allotriomorphic grains of which the
individuals are up to 0.5 mm, across, This type of

carbonate is usually quite clear.

The martite grains are much more corroded than would
be anticipated from macroscopic examination and many are
dendritic skeletons due to deep cavernous erosion (Fig.
5,48). No narrow solution channels comparable with those
of the magnetite phenocrysts of the minor intrusions (see
Fig. 5.38) are evident; this may merely be because all
such incipient lines of weakness have been fully exploited
by the cor_rosive medium and are now eroded beyond recogni-
tion, Some of the grains are traversed by sharp sided
fractures, unmodified by solution. These must have
developed during effusion or after deposition. Many of
these fractures are filled with barytes.

Apatite is rather common in this variety of tuff in
grains of all sizes up to 1 mm, across. Some grains are
broken and some show rounding, but the majority are sharply
euhedral, In a number of cases apatite is contiguous to

or penetrates martite.
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The rock is particularly rich in barytes, most of
which like the fluorite, is evidently of secondary intro-
duction, BEuhedral crystals occur within fluorite, and
fofm small pods and veins. The mineral appears to show
- a certain preferential development near martite. Specimen

61720 is typical of the rock type (ecf. Fig. B5.48).

(4) Tilestone

Essentially, this rock is a haematite stained, fine,
calcareous tuff with a varying admixture of accidental
material derived from the country rocks. The carbonate
groundmass consists of anhedral granules of dolomite, less
than 0,1 mm., in diameter. The non-carbonate grains are
predominantly of quartz, but there are also some grains of
microcline, a few of albite and a few of what is thought
to be orthoclase, These accidental grains occur in two
rather distinctive size fractions, the larger ca. 0.4 mm,
in diameter, well rounded, and the smaller O.,1 mm., in
diameter and very angular. Many of the large quartz
grains are believed to be sand grains derived from the
country sandstone; this is borne out by the occasional
development of a curved, dusty surface within the quartz,
marking the limitls of the original rounded sand grain
against the contiguous siliceous cement with which it is
now in optical continuity. 61697 is a typical example

of this rock,
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(5) Lepilli Tuff

These tuffs consist of lapilli of altered aln8ite in
an abundant matrix of clear, anhedral carbonate (Fig.5.49).
While the lapilli range up to ca. 5 mm. in diameter, most
of the lapilli in a particular layer are of a similar size;
size sorting, in fact, is often excellent, and some splendid
examples of graded bedding can be observed.

The aln8ite has been extensively repléced by haematite,
accompanied in most cases by abundant sphene, totally
obliterating any original texture.

In some examples, by contrast, the aln8ite has been
strongly carbonatised; hére, however, the original texture
may be quite well preserved. Lapilli showing eaeh type
of replacement often occur side by side, Regardless of

the nature of the replacement, the lapilli are typically

'highly vesicular and porphyritic, The vesicles are often

perfectly spherical; most are filled with carbonate.

Two kinds of phenocrysts are represented by pseudo-
morphs, (1) olivine, easily recognised by its orthorhombic
habit with pointedd terminations and traces of irregular
alteration eracks, (ii) melilite, characterised by sharp,
rectangular elongate sections and squarish cross sections.
As a rule, only one or two olivine phenocrysts occur in a
lapillus, while melilite phenocrysts are comparatively
abundant, These latter tend to be arranged tangentially
around the olivine grains, but usuaily bear no such relation-
ship to the periphery of the fragment. This is clear
evidence that the present spherical shape of the lapilli

'~ S\ )
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has resulted from the attrition of solid fragments rather
than surface tension acting on liguid droplets. The
majority of the melilite phenocrysts have been replaced
by a single crystal of carbonate, but a few contain a
chlorite-like mineral of low relief and birefringence With
a suggestion of a fibrous structure arranged normal to the
elongation, Such grains may also show a trace of a median
rarting,

Original minerals or their pseudomorphs which can be
recognised in the groundmass of the aln8ite are melilite,
magnetite, perovskite and biotite, ‘Of these minerals,
biotite is the most variable in quantity, being entirely
absent in most lapilli, a minor constituent of some and in
several cases being the dominant mineral. Fine chlorite
and sphene are plentiful; the sphene is present both as
euhedra and as aggregates of tiﬁy granules outlining
pseudomorphs after perovskite (the interiof of these
pseudomorphs is carbonate). In many cases it is apparent
that melilite has férmed'at least 50% of the groundmass.

The above description is based on examination of

specimeﬁs 61694, 61710, 61711, 61722 and 61727,
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Analysis of 61710, carbonatised lapilli tuff,

Locality:

Analyst:

1l km, from K. G.

100 m, from shore, Qagssiarssuk, South Greenland.

B. I. Borgen.

H.

26, 5
3. 5
3. 8

12,7
0.4
0. 3

12.5

14,7

trace

.1.8
2.0

2l. 6
0. 9
0,1
0.8

trace

99, 3

stone on 170° bearing,



(6) Alnoite Tuff (Specimen 61730)

This rock might with some justification be called a
crystal tuff, It is similar in many respects to the
more homogeneous parts of the Coarse Calcareons Tuff, with
the imporﬁant addition of some 10% of pseudomorphed,
euhedral olivine greins 1 mm., or so in 1eng£h, which
correépond to the phenocrysts of the intrusive alndites.
The margins and cracks of these pseudomorphs are outlined
in haematite and contain, variously, carbonate, chlorite
and silica. In the rather obséure, haemafite stained
groundmass, carbonatised melilite laths up to ca., 0.2 mm.
in length can be distinguished, together with oxidised
magnetite, pseudomorphed perovskite and the abundant sphene
which invarisbly accompanies these. A few grains of apa-
tite occur. The long axes of the elongated grains tend
to be orientated parallel to the bedding. The mineral
components of this tuff agree closely with those ofﬁthe
associated alnBite bombs and witht the lapilli described

above,

TUFFISITE OF THE IRREGULAR INTRUSIONS.

The most common kind of microbreccia in these
intrusions is the variety known in the field as "sandy
tuffisite'. This rock consists essentially of grains of
quartz with moderate sphericity, rounding and size-sorting,

mostly less than 0,5 mm, in diameter, in a calcareous matrix.

(=)
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\\\\\\\*QEere is no doubt that the quartz grains represent the
diéintegration product of the country sandstone; the
gbsence of silica overgrowth (usually indicated by "growth"
lines) may be indicative of moderate abrasion (which would
be anticipated in a fluidized system - cf. Reynolds, 1954)
end/or corrosion, " The groundmass is of fine grained,
turbid carbonate and finely divided opaque material
(probably haematite) which gives the rock its characteristic
'brown or purplish colour. There is clear evidence of both
rartial and complete replacement of quartz grains by
carbonate, Locally, groups of quartz grains are fully
pseudomorphed by clear carbonate with polysynthetic twin-
ning, Specimen 61699 is an example of a quartz-rich
variety; the grains are quite closely packed and must make
-up at least 50% of the rock. Replacement of quartz grains
by carbonafe is particularly well displayed.

While quartz grains remain the most abundant fragmental
constituent in these rocks, there is often a considerable
admixture of material from other rock types in the area.
Basement granite is represented by occasional grains of
microcline; These are often well rounded, but internally
the twinning testifies to considerable strain and shatter-
ing, Tiny fragments of basalt occur locally, some of these
are angular, derived from fully crystallised olivine baselt
with feldspar laths up to ca. 1 mm. long, while othéers are
rounded, fine grained, lapilli-like and probably of alnYite.
The feldspar of the basalt has been altered to albite and

the pyroxene has been wholly destroyed. The rounded,

o
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anhedral olivine grains have been bseﬁdd_morphed, princip-
ally by chlorite, and are most distinctive; they have

even been recognised as isolated grains in tuffisite.
Carbonatised micro-uncomfpahgrite occasionally occurs as a
clastic constituent although it can only be recognised

under favourable circumstances where the lath texture has

been emphasised. Carbonatised aln8ite is recognised by

the pseudomorphs after euhedral olivine. Specimen 61736
is packed with small, angular fragments of a Vériety of
rock types. |

Spedimen 61704 appears superf;cially to be a sandstone
with moderately rounded guartz graiﬁs, a few small fragments
of altered olivine basalt, a little epidote and a, few
zircons. These grains are rather loosely packed in matrix
of fine grained alkali feldspar. In plain light the
matrix has a very faint pink tinge, under crossed nicols
it is an obscure, fine grained crystalline complex in which
perthitic structures can occasionally be distinguished at
high magnification. Investigation of the powdered rock
by X-ray diffraction reveals the presence of a monoclinic
potash feldspar phase and albite, fhe minefal is probably
an orthoclase perthite.

The even-grained, rather fine, quartz-rich "sandy
tuffisite" varieties pass gradationally into coarser, more
calcareous, more heavily altered tuffisites similar to those

encountered in the diatremes (described below).
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TUFFISITE OF THE THREE DIATREMES SOUTH OF QAGSSIARSSUK.

Rocks from these intrusions are invariably in a highly
altered state; moreover, they weather very readily to a
coarse sand and fresh material is almost unobtainable,

The original clastic constituents have been extenéively
carbonatised;. subsequently, barytes and haematites have
been deposi@ed in the interstices. Irregular grains of
carbonate 0,5 ~ 1 mm, in diameter are the most abundént
constituents, as a rule. The carbonate is full of tiny
red scales, probably haematite derived from the oxidation
of ankerite, Obscure, fine grained alteration products
occur sporadically, among which chlorite and sphene can be
diétinguished. It is probable that many of the carbonate
grains are replacing lamprophyric material; the texture o_f
the rock, typified by 61733, recalls that of 61616, the
lamprophyric tuffisite, to some extent. On the other hand,
some of the carbonate grains might represent primary cal-
careous (carbonatite) microbreccia. Grains of microcline,
quartz and heavily altered olivine basalt are present in
widely varying amounts. Specimen 61746 is predominantly

made up of grains of these materials.

BASALTIC TUFFISITE.

This rock differs from the "sandy tuffisite" in having
olivine basalt as an essential major constituent, The
rock described is specimen 61702, The matrix is of fine

grained, rather turbid carbonate and in it are set grains



of quartz up_to.0.5 mm, in diameter and rounded to angular
fragments of basalt up to several millimetres across., The
basalt,.whieh is intensely chloritised, consists of a mésh
of plagioclase laths up to 1 mm in length, with poor size-
sorting. Mach of the plagioclase is replaced by fine
chlorite. The remaining feldspar may be quite clear and
fresh in appearance. It has ﬁot been albitised, for the
refractive index is substantially higher than that of canada
balsam and extinction angles indicate an intermediate
composition in the plagioclase series. Olivine (now
pseﬁdomorphed by chlorite) has been abundant as groundmass
granules and as anhedral, rounded phenocrysts. It must
have constituted at least 10% .of the rock modally, Pyroxene
haqbeen wholly obliterated. |

;n addition to irreguiarly shaped fragments of olivine
basalt, there are numerous well rounded, lapilli-like bodies
of altered aln8ite, generally less than 1 mm, in diameter
(Fig., 5. 50). Chloritic pseudomorphs after lath-shaped
grains of melilite and euhedral olivine phenocrysts are set
in an opaque matrix -- the alteration is comparable with
that recorded in the lapilli tuff, In a number of these
small pellets, there appears to be a systematic arrangement
of the elongated pseudomorphed grains tangential to the
margin. A fragment of a carbonatised, highly vesicular
rock ca, 2 mm, in diameter, tentatively identified as
carbonatised micro-uncompahgrite, is.enclosed in a thin
envelope of altered aln8ite (Fig. 5.51). The enclosing

material is identical to that of the small pellets and the






elohgate grains are disposed tangentially about the core.
There can be no doubt that the pellets were originally

liquid droplets of alnlite magma.

BLOCK OF RED SYENITE FROM TUFF.

This rock (61713), believed to be derived from the
basement granite, is now a highly potassic syenite, devoid
of quartz. The prineipal mineral is alkali feldspar
which occurs as rather cloudy rectangular grains up to
ca. 4,0 mm, in length (Fig. 5.52) and as small, clear
grains of equant shape, ca. 0.5 mm, long. The small
grains are of microcline and the large grains are at least
partly of microcline, Many of the large grains show a
zoning effect -- the margin is of clear feldspar with well
developed '"tartan" microcline twinning, while the interior
is turbid and shows rather faint, but none the leés recog-
nisable repetitive twinning, similar to albite twinning,

The interstices between the feldspar grains are
occupied by ragged masses of opaque material (haematite)
which is arranged with a linear effect reminiscent of the
cleavage of mica, It is probable that‘these struc_tures
are pseudomorphic after mafic minerals. They are saccom-
Panied by numerous small, rather clear grains of carbonate,

Investigation of the powdered rock by X-ray diffrac-
tion revealed the presence of triclinic and monoclinic
potash feldspar phases (viz. microcline and orthoclase),
present in amounts of the same order.- Very careful

examination of the diffractometer trace over an extended
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20 range falled to produce any indication of peaks
belonging to albite or the plagioclase series. Chemical

analysis of the rock for alkalies gave the following result:

wt. %
NagO O, 5_0
K20 11,08

Many of the larger grains consist of two components:
(1) clear microcline with distinct "tartan" twinning.

(ii) cloudy feldspar free from microcline twinning,
occasionally showing a rather faint repetitive

twinning cf. albite twinning in plagioclase.

The boundary between the two types of feldspar is often
quite sharp, but there does not seem to be a refractive
index contrast. The distribution of the microcline and
the other feldspar in a single grain is sometimes quite
irregular, but, as a rule, the microcline tends to occur
marginally, often enclosing the cloudy zone, Frequently,
the faint repetitive twinning 18 parallel or near;y parallel
to the albite twins of the microcline,

2V was ohtained from three of the cloudy grains.

Values of 793° and 810 were found in a grain free from
repetitive twinning; a grain with twinning yielded an
average éV of 62%°. |

The feldspar of this rock presents some very unusual
features. Thé absence of a sodic phase is supported by

the low soda value of the analysis; such a small amount

R



can easily be accommodated in any potash feldspar. The
cloudy feldspar must be orthoclase; the repetitive twinning
of some grains cannot readily be explained unless as
polysynthetic carlsbad twinning, which is exceedingly

rare and not well documented, The bulk of the soda is
probably in the orthoclase, particularly that with the
repetitive twinning, te judge by the low 2V.

The microcline appears to be younger than and replacive
towards the orthoclase. Some of the orthoclase, in turn,
méy have replaced earlier plagioclase by expulsion of the
lime, followed.by most of the soda. The repetitive twin-
nhing of the orthoclase, whatevdr its nature, may be more
or less conformable with polysynthetic twinning in a pre-
existing plagioqlase Just as the one set of microcline
twins is arranged parallel to the faint twinning in the-
orthoclase. A few grains of apatite occur within the
interstitial opaque material and several euhedral zircons

have been distinguished.

INTRUSIVE RED SYENITE (from edge of V1)

This rock, typified by specimen 61717, is closely
similar in essentials to 61713 (above). The X-ray
diffraction pattern is almost identical and partial

chemical analysis similar i,e.

wt. %
iK.50 13, 50
NQLQO 0. 50




The ratio K20:Na20 is even higher, however.

Texturally, the feldspar grains are less idiomorphic
and grain boundaries are often rather intricate. The
orthoclase is largely obscured by a heavy dusting of fine
red inclusions, but faint repetitive twinning can be dis-
cerned in a few grains. Some of the microcline has a
peculiar fine grained internal structure reminiscent of
myrmekite. It does not show a refractive index contrast
againgt the host mineral.

Interstitial masses of ragged, porous haematite may
pseudomorph mafic minerals; in this instance there is little
suggestion of cleavage or other structure which would
facilitate identification of an earlier mineral.  There
is some interstitial carbonate and barytes, numerous small
prisms of apatite pierce the feldspar and a single, slightly

rounded, cored zircon has been observed.

APATITE S@VITE INCLUSION FROM DIATREME.

This rock type, represented by specimen 61696, is
gssentially a calcite marble in.which apatite and ore occur
as accessories (Fig. 6.53). The anhedral calcite grains
have an average diameter of ca, 2.5 mn.. The calcite is
very clear and shows unusually well developed polysynthetic
twinning. The intergranular boundaries are intricate and
the grains interlbck. Small, rather rounded grains of
apatite, many showing signs of moderate corrosion by the

carbonate, occur as localised clusters; diameter does not



Piz. 5. 53. Photomicrograph of 61696, apatite sgvite,
x 40, ordinary light.



]
Faay
Q5

exceed ca., 0,2 mm, The irregular distribuﬁion of the
grains precludes an accurate determination of their modal
volume; if is unlikely that they constitute more than 1-2%
of the rock by volume, An opaque ore, mainly haematite,
occurs mainly as anhedral grains up to 1 mm, in diameter,
sometimes pierced by apatite. It is thought probable

that this mineral was originally magnetite and subseque_ntly
oxidised. A number of tiny, pale yellow granules of high
relief and birefringence which present square and rhombic

secfions are probably sphehé.
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4, Investigation of the Carbonates of the

Intrusive and Extrusive Rocks.

‘Consultation of the A.S.T.M. Index suggested that 1t
should be possible to distinguish the prineipal carbonates

by X-ray diffraction, using the strongest réflection (211).

Table b, 10

Location of the Strongest Reflection of the

Principal Carbonates, (211). 20 values.

Calcite - 29, 42° Swanson & Fuyat, 1953,
Ankerite - 30, 80° Broadhurst & Howie, 1958,

| Dolomite - 30, 96° Harker & Tuttle, 1955,

“ Siderite - 32, 080 A.S.T.M. Index, Card 8-133,

Microcline (131) 29, 44°-29, 50° Values obtained from
country rocks and felds-
pathic inclu_sions.

Orthoclase

(022 + 041, ete.)  30.80°-30, 93°

The 20 range embraced ﬁy these reflections is
sufficiently small to make routine examination for all
four convenilent. A séiection of powdereq samples was
systematically scanned over this angular range.

The peaks are free from interferenée by reflections of

other minerals occurring in the rocks, with the exception




of (131) microcline and (Q22 + 041, etc.) orthoclase.
As a general rule alkali feldspar is not present in
gquantities sufficient to cause significant displacement'
of the carbonate peaks.

Biderite was tentatively identified in two specimens
only, viz., 61607 and 61608, The calcite (211) reflection
was always readily identified, and it invariably occurred
close to the expected value,

In the majority of the rocks, thé most abundant or
only carbonate present is a magnesian or ferro-magnesian
variety. 20 values corresponding quite closely to "dolo-
mite" and "enkerite" of Table 5.1l were recorded and a whole
rahge of intermediaﬁe positions was also rqpresented (Table
5.11a).

Examination of Table 5,12 shows a strong concentration
of occurrences at 30.860, a moderate concentration towards

fﬁE“uppggﬁgggular 1imit from 30, 92°-30, 96° and a scatter of

—

single occurrences at intermediate positions. The isolated
occurrence at 30, 82° is within 0,02° 20 of the value record-

ed in the ankerite from Osk Colliery, Oldham (see Table 5.11).

Dolomite, and ankerite with up to ca. 65 - 75%
(Fe, Mn) COz. CaCO3 are believed to form a continuoﬁs series
(Smythe & Dunham, 1947). With increasing substitution of
Fett for Mg** the cell dimensions alter and (211) will

change position.
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X-ray Data from Carbonates in Carbonatised Rocks.

Table 5, 1le.

Mode of occurrence

irregular tuffisite intrusion.

Specimen 20 C
No.
D-A__D-A
61606 Sheet of nodular uncompahgrite 30, 82 0:1
61607 " " " " 30,86 1:5
: (fig. 5.2)
. %61614 Ankerite veins in feldspathised 30, 86 1:5
. granite breccia (fig. 5.12)
61624 Uncompahgrite sheet cutting 30, 86 O:1
lamprophyric neck. ' '
%® 61682 Sheet of mica monchiquite 30, 87 0:1
- #61685 " " médnchiquite 30,84 0:1
61686 -Carbonatised uncompahgrite lava 30. 93 2:1
61691 " " " 30. 89 1:1
61708 " " " 30, 95 1:5
61718 " " " 30, 92 3:2 -~
61732 " ks " 30, 95 0:1-
%61740 " " " 30, 96 9:1
61697 "Pilestone" 30,94 1:10
61698 Calcareous - tuff 30, 86 1:6
61712 " " 30, 86 9:1
61719 " " 30. 86 2:1
61731 " " 30,86 1:10
61735 Folded, banded carbonate- 30, 88 1:4
' quartz rock (fig. b5.22) T
%61710 Lapilli tuff 30, 92 1:5
61720 Martite tuff 30,95 1:10
61739 Neck of uncompahgrite 30,983 0:1
61744 Dike " " 30,89 0:1
61747 si11 " " - 30,92 1:10
61696A Vent tuffisite 30,90 2:3
61696B ' S@vite ineclusion in vent 30,90 9:1
tuffisite,
61700 Carbonatised aln8ite in - 1:0




Table 6,12

Position of (211) in Fe - Mg Carbonates, in 22 specimens

showing Incidence of Occurrences

at 20 values 30.78° to 30, 96.

PeO x 100 = 35,7

30,80 = — - - - - ANKERITE FeO + MgO ("B", Teble 5.11)

30, 84 X
30, 85 -

FeO x 100 - 25,5 (27.6)
30.86 X X X X X X X ANKERITE FeO + MgO
(Specimen 61614 )

30,96 X = = = = -~ DOLOMITE ("A", Table 5,11)
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An attempt was made to estimate the Fet+:Mg** ratio
of the Fe - Mg carbonate of the analysed rocks and to6 corre-~
late this with  the position of (211). A partial norm was

calculated for each rock; the following steps are relevant:
(i) Unite MnO with FeO and SrO and BaO with CaO.

(ii) Allocate CaO (and SiOp) to TiO, to form sphene;
vetrographic examination of the rocks indicates
that most of the titania ;s contained in this

mineral rather than in ilmenite or perovskite.
(iii) Allocate CaO t$ PgOg to form apatite.
(iv) Remaining CaO is combined with CO, to form €aCOg.
(v) MgO is combined with COp to form MgCOg.

(vi) Remeining CO5 is combined with FeO to form FeCOgz.

In analyses of pure members of the ankerite-dolomite
series (e.g., A and B in Table 5.11), the molecular propor-
tions of CaCOz and (Mg, Fe) COg are constant within limits
of a few percent, with CaGO5 usually present in slight excess
of the requirement of the formula Ga (Mg, Fe) (Coz) o,

(Smythe and Dunham, 1947).

In ﬁhe analysed rocks under consideration, the eﬁly
non-carbonate minerals in which Ga*t can occur in siénifi—
cant quantity are apatite and sphene, and optical examina-
tion confirms the presence of these minerals in nearly every

case, Neither chlorite nor mica can accommodate Catt in
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any significant quantity - - i% by weight is the usual
limit. Accordingly, once Caolfor the formation of sphene
and apatite has been allocated in the norm, the molecular
quantity of the remaining CaO should at least be equad to
the sﬁm of the moleculér amountg of MgO and FeO invelved in
steps (v) and (vi) above. Excess Ca0, as in 61740,
corresponds to free calcite.

If surplus MgO, or MgO and FeO, remains after all the
COg has been combined with divalent oxides for the formation
of normative carbonate, it must be present in the rock in
non-carbonate minerals of which chlorite and dark mica (and
magnetite in the case of 61682) are the most probable,
The proportions of Mg*t and Fett in chlorite and dark mice
can vary over extremely wide limits and, since the composi-
tion of these minerals is unknown, the partition of MgO and
FeO between carbonate and chlorite, etc., must also remain
open to question,

In view of the above considerations, 61606, 61682
and 61686 are unsuitable for the calculation of the
Fe™ : Mg™* ratio of the Fe - Mg carbonate contained in the

rocks.

Apaert from abundant associated silica in the form of
chalcedony and a little chlorite, the vein ankerite, 61614,

is nearly a monomineralic rock.
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Table 5,13

Chemical Analysis of Vein Ankerite, 61614

8i0g
Ti0g
A1,0,
Fezo:3
¥eO
MnO
MgO

Cal

BaO

Sr0

Total

Locality: 260 m, altitude,
South Greenland.,
Analyst: B. I. Borgen.

The following normagive minerals have been calculated,

3. 5 km,

wt.%
28, 3
0.2
2. 6
S B

west of Qagssiarssuk,

employing the steps outlined above and including a



theoretical chlorite R‘é* 81,0, (OH)g with Fe*t as R** in -

the first instance:

Table 5,14

Normative Minerals - Wt. Percent,

Sphene
Apatite
Calcite
Magnesite
Siderite
Orthoclase
Chlorite
Quartz
Haematite
Alumina

Water

TOTAL

0. 3

0.3
3.7
20.2 (19.6)

9.5 (10.3)
12. 2

0.7 (0.6)
20, 5

3.3

0. 3

0, 6

99.6 (99,73}

The alternative values given for the percentag_e

weights of some of the standard wminerals of Table 5.14

(in parenthesis) correspond to substitution of Mg** for

R++

in the theoretical chlorite formula.

The normative mineralogy appears to correspond closely

with the mode of the rock. The surplus alumina is

presumably accommodated in the chlorite and the water in

s
l'"
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chalcedony.

Examination of the molecular bercentages of the
normative carbonates in Table 5,14 reveals that the compo-
sition of the chlorite-can affect these buf little, the
two éxtreme compositions corresponding to a différence of
only 1.1% FeCO,,  The signficance of this small difference
is dominéted by the magnitude of experimental errors and
errors involved in the various theoretical assumptions.

In 61710, the normative carbonate has the following
molecular composition: CaOO5 35, 8%; MgCO5 62, 7%; FeCO3 1, 4%,
The amount of MgCOs is nearly double that of cécos, and
since magnesite is absent from the rock, the analysis must
be suspect. The very low ferrous iron content of the
rock (0.4%) mekes it .seem certain that modal Fe-Mg carbonate
lies fairly close to the magnesian end of the dolomite-
ankerite series.

61640 is a rock of very simple mineralogy and the
FeO:Mg0O ratio of the normative carbonate probably agrees

closely with that of the modal Fe-Mg carbonate,.

The location of (211) depends upon several factors,

in particular:

(1) Experimental precision of the X-ray method; in
the present case this varies between + 0,01

and 0,020 20}

(11) The extent of substitution of Fett for Mg' @ in

the formula CaMg(COg)o.



(1ii) Other substitutions in the formula, e.g. the

introduction of Mn++.

Of these, (1ii) is undoubtedly the most important,
and the angular position of the (211) peek is within
reasonable limits an indication of the relative amount of
iron in the Fe-Mg carbonates of the area. In the present
case there is insufficient analytical data available to
justify the construction of a working curve of iron content
plotted against the angular position of (211), however,
the following generalisations are probably valid.

Thé Fe*™ content of the Fe-Mg carbonates, expressed
as %g%—%—ﬁg% varies from a low value, e.g. ca. 7% or less
in 61640, up to about 35% in 61606 and 61685. |

There is a concentrétion of occurrences at 25,5 - 27, 5%,

and again near the dolomitic end. Even allowing for the

possible sources of error listed above, there would appear

' to be a number of Fe-Mg carbonates with Leo X 00

FeO + Mgo velues
intermediate between 7% and 25%.

The concentration of occurrences at 25.5 - 27, 5% may
be on account of the simple molecular proportions of the
divalent ions at this composition, corresponding quite

closely to the formula Ca,(Mg,Fe)(COz)g.

Tennent and Berger (1957) describe an X-ray method for
the determination of the relative pfoportions of the car-
bonate phases in dolomite~calcite rocks. A rapid, semi-

quantitative variation of this method was developed for the



investigation of two-carbonate rocks of the Qagssiarssuk
area,

A set of standards was prepared, consisting of pure
_calcite (ice}and spar) and ankerite (specimen 61614) in the

following proportions by weight:

Ankerite Calcite
1 90 10
2 75 26
o) 50 60
4 26 75
5 10 ‘90

X-ray diffraction traces of these mixtures were
obtained and the proportions of the carbonate minerals in
the suite under investigation found by visual coemparison
of their X-ray diffraction traces against those of t_he five
standard mixtures.,

The results are no more than semi-quantitative, but
quite.adequate for the purpose of the investigation, viz:
to show whether there is a systematic distribution of the
two minerals - - in particular, whether there is a radial
distribution pattern which would indicate a focus of car-
bonatisation and possibly show whether the calcitic or the
dolomitic carbonatisation was the earlier,

If is at once evident from the data obtained that the
material examined 1s inadequate to yield a full explanation

of the distribution of the carbonate minerals. This is due



more to the limited area of high level calcareous rocks
preserved than to inadequacy of sampling. However,
critical consideration of the data brings out the following

significant points:

(1) The carbonatised intrusives from the Basement
and the minor intrusions of uncompahgrite from

the Qagssiarssuk Triangle are very poor in free

calcite,

(ii) The most highly ferroan ankerites occur in the

Basement,

(1ii) The most calcitic rocks appear mainly to be
confined to the northernmost outcrops of the
Calcareous Unit. (1t may be noted that in the
two-carbonate rocks there does not seem to be
any systematic relationship between the iron
content of the ankerites and the relative

abundance of co-~existing free calcite).

It would appear that at some depth (i.e., in the Base-
ment), there is usually a single carbonate phase, a ferroan
ankerite, .In the Qagssiarssuk Triangle, where rocks of a
higher level are exposed, the uncompahgrite neck, dike and
sill (which are probably all associated) are ankeritic.

The effusive carbonate rocks of the Triangle (and possibly
of some of the diatremes) show various proportions of calcite
and ankerite, There is a clear concentration of calcitic |

rocks toward the northern limit of the calcareous strata.

L
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The manner in which the carbonatised uncompahgrite
stock dominates the Qagssiarssuk Triangle suggests the
possibility that it may have been a main conduit, (cf.
Kerimasi and Hanang, James 1956), and concievably a focus
of carbonatisation. If such were the case, the caléitic
rocks at the north of the Calcareous Unit would be relics
of an earlier phase of calcitisation, just beyond the limit

of a later aureole of dolomitisation centred about the stock.

A
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B, Trace Element Studies.

It is well established that carbonatites and asseociated
ultramafic silicate rocks are typically characterised by
enrichment in certain minor elements, in particular Ti, P,
Ba, Sr, Zr, Nb, Y, Ce, La and the rare earths; moreover, the
trace element assemblage characteristic of carbonatites con-
trasts markgdly'with that of sedimentary limestones. (ef.
Hizagy, 1954, Pecora, 19566, and Campbell Smith, 1956).

A selection of the principal ultramafic-silicate and
carbonate rock types from the Qagssiarssuk area was analysed
for 8 trace elements by a semi-quantitative X-ray method (see
Appendix III), The choice of elements (Ni, Cu, Zn, Rb, Sr,
Zr, Nb, and Pb) was to some extent limited by instrumentation.
Results for Ba, guoted below, are taken from analyses by
B. I. Borgen; this element élso was determined by X-ray
spectrography. The results of the analytical work lea¥e
no doubt that these rodks have affinities with carbonatite
and other unusual rock types (see Table 5.16).

The trace element pattern of the original ultramafic
magmas of the Qagssiarssuk area have been modified in many
cases by subsequent carbonatisation. Garson, (1962, p. 194)
refers to the "dilution" of the original trace element
concentrations in an aln8ite by carbonatisation. - While
carbonatisation may cause depletion of some of the original
elements of the rock, the carbonatising fluid may be enriched
in other elements which become concentrated in the hoét rock.

Rock number 61634, the altered mica pyroxenite, has a

oy
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composition somewhat resembling ugandite (see Table 5.1@%
the distribution of the concentrations of the minor elements
is closely similar to that of the potassic ultramafic rocks
of Western Uganda (Hizagy, 1954) and.has close affinities
with kimberlite. A lamprophyric (camptonite) dike from

the Narssaq area, belonging to a swarm younger than the
alkaline intrusive complex, shows a similar trace element
pattern. This agreement, congidered together with the
remarkabie persistence of the trace element pattern from one
ultramafic roék type to another in Uganda (ef. Hizagy, op.
cit.), makes it seem likely that the carbonatised Qaggsiarssuk
rocks originally had trace element concentrations eclosely

similar to those of the mica-pyroxenite,

3



Table 5,15

Concentrations of trace elements in rocks from Qagssiarssuk.

Spec, 61634 50853 61606 61682 61685 61614 61710 61740
No,

Ni 210 125 265 250 415 100 385 35
Cu 55 75 65 50 115 130 45 40
Zn 190 105 450 200 215 175 185 156
Rb 330 220 30 55 85 90 115 x
Sr . 2050 3400 9500 5000 1600 1850 3120 4300
Zr 1100 780 560 500 600 200 780 320
Nb 85 100 50 40 60 5 85 475
Ba- 6000 2000 13000 4000 5000 x 1000 1000

Amounts are in parts per million, Analytical method:
X-ray fluorescence, Ba determined by B. I. Borgen, other
elements by J. W. Stewart. 60863 is a camptonite from
Nungmiut, near Narssaqg. ihe other rocks are from the
country around Qagssiarssuk and their analyses appear else-

where in this chapter.



Due allowance must of course be made for the variation
of elements such as Rb, whose distribution closely follows

that of a particular mineral or minerals.

The vein ankerite, 61614, represents the extreme case
of ankeritic carbonatisation.’ The three carbonatised
lamprophyres, 61606, 61682 and 61685 have tracehelement
concentrations consistent with the modification of an
original pattern cf, 61634 by material with a composition
cf. 9}614. The vein ankerite is low in Zr and Nb and the
values for these elements in the lamprqphyres are reduced,
compared with the pyroxenite.

The uncompahgrite lava, 61740 has been so completely
carbonatised that it seems certain that the present concen-
trations of the trace elements reflect the composition of
the carbonatising fluid rather than that of the original
uncompahgrite. Ni, probably located in ferromagnesian
minerals in the other rocks, and Rb, elsewhere located in
mica or feldspar, are extremely low. The high Nb is |

accordingly tentatively related to the calcitic carbonatisa-

tion,

Ni Most of the values are within the range usual for
bapic igneous rocks and the element is probably mainly

concentrated in ferromagnesian minerals.

Cu, Zn These elements show typiical values for basie

igneous rocks, as a rule.

Pb Lead is rather high and may be present as sulphide.



M

61606, which has rather high Zn and Pb, i8 finely pyritous.

Rb Values are closely related to the presence of the
potash beéring minerals mica (e.g. 61634) and potash feld-
spar (e.gi 61614), 61640, almost free of such minerals,

has a very low value.

§g Strontium is abundant in éll the specimens, There
is no sign of important concentration or depletion of the
element in any particular rock type and it is likely that
the quantity in the original silicate magma and the amount

liable to be introduced during carbonatisation were similar.

Zr Zirconium is probably concentrated in sphene (cf.Hizagy,
op.cit., p.51); the mineral has been most readily identified

in 61634 and 61710, the rocks with the highest concentrations
of the element. Original values of ca. 1000 p.p.m, may have

been diluted by Zr-poor carbonatising fluids.

Nb The distribution of this element has already been
discussed. While sphene is probably capable of accommo-
dating the element in the quantities present (Winchell, 1951,
P. 525), there is poor correlation between the amounts of
sphene ahd niobium present in the various specimens. The
high Nb value in 61740 is outstanding, emphasising the

chemical identity of this roek with carbonatite.

Ba This element has been abundant in the original ultra-
mafic magmas and in very low concentration in the carbona-
tising fluids. Ba is much more abundant than Sr in the

pyroxenite while the ratio is greatly reduced or reversed



3 5%

in the other rocks. It appears logical to ascribe this
change to carbonatisation processes. Barium may be present
in carbonate and/or sulphate.

Large crystals of baryto-celestite from minor m_jneral
deposits (Fig. b.36) have refractive indices characteristic
of a Ba rich variety ({3= 1.632, ¥ = 1.640). Specimens
61710 and 61740 contain interstitial baryto-celestite, but
have low Ba: Sr ratios; Assuming that the analytical values

are correct, we are left with the following alternativels:
(1) the sulphate is a strontian variety

(ii) strontium is conecentrated in the carbonate in

preference to barium.
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Particulars about analytical data in Table 5.16

1. 61634, altered mica-pyroxenite, Qagssiarssuk area.
2. 50853, camptonite dike, Nungmiut, Narssaq area,
3e Sphene~rich biotite pyroxenite, Ejected bloeck,

K4, Katwe Crater, -8, W. Ugande. (Hizagy, 1954).
4, Average katungite, S. W. Uganda, (Hizagy, 1954).
5, Average snkaratrite, S. W. Uganda, (Hizagy, 1954).
6.  Micaceous hardebank, analysis No. 343, Robert Dike,
Basutoland (Dawson, 1962).

7. Average ultrabasic rocks (Turkenian and Wedepohl, 1961)

8. Average‘basaltic rocks (Turkenian and Wedepohl, 1961)
9. 61740, carbonatised uncompahgrite lava, Qagssiarssuk.
10, Average carbonatite (D. P. Gold, 1963)
11. Carbonate dike, Premier Mine, South Africa

(Hizagy, 1954).

12, Carbonatite, analysis J. @. 2349, Oldoinyo Dili,
Tanganyika (Bowden, 1962).

13. Carbonatite, analysis J. G. 2536, Oldeinyo Dili,
Tanganyika (Bowden, 1962).

14, Average carbonate sediment (Turkenian and Wedepohl,

1961).

1, 2 and 9, analyst J. W. Stewart.
3, 4, 5 & 11, analyst-R. A. Hizagy.
6 analysts Miss J. M. Rooke and Mrs, P. E., Fisher.

12 and 13 analyst P. Bowden.,



(¢) Notes on the Geology of the Country
West of the Qagssiarssuk Triangle.

The structure and stratigraphy of the upper part of the
Ilfhaussaq Peninsula is very poorly known., The chief
reason is the absence of distinctive horizons in the broad
area of sandstone which stretches across the Peninsula from
Nﬁ@@rséuk to Tasiusaq.

The broad peninsula which projects northwards inte
Tasiusag is of sandstone containing two interbedded volcanic
horizons, The more northerly of these was‘visited duriné
reconnaissance in 1960, when a close resemblance to Volecanic
Horizon (1) at Igaliko (Chapter IV) was remarked. The
horizon is composite, with a total thickness of ca. 5 m..
The lower layer is of a compact reddish rock.which is
probabl& olivine basalt (perhaps affected by potash-felds-
akhisation). The upper layer is of a greenish, fine grain-
ed compact basalt containing very sparse, glassy feldspar
Phenocrysts of blocky form, This rock is analogous to the
sills of olivine-free basalt at Sitdlisit (Chapter I) and
' Igaliko (Chapter IV). H. Scharbert (in 1litt.) has observed
structures in the horizon (presumably in the lower layer)
resembling\possible cooling-cracks in the olivine basalt of
Qagssiarssuk shore.

The southerly horizon is of greenish, compact, aphyric

basalt and Scharbert (op.cit.) implies that it may be a sill.
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(d) Notes on Minor Upfaulted Areas between Nﬂgébssuk

‘and the Qagssiarssuk Triangle,

(i) At the.inner corner-of a small bay about 1 km south-
east of the most southerly part of the Triangle, a small
area of soft red and yellow sediment is seen to underlié
cavernous red sandstone on the south-eastern side of a 60°
fault. Tq'the north-west, the rock is a pale, compact
sandstone of the type found in the Lower Sandstone Unit and
elsewhere, The base of the coloured shaly rock is nof
exposed and a minimum thickness of 10 m. is indicated. This
rock closely resembles beds developed near the top of the
Calcareous ..27° Unit and is believed to be of the same origin,
viz. pyroclastic, possibly of subaguaeous debosition. The
cavernous red sandstone appears to be identical with the
basal development of the Upper Sandstone Unit in the
Qagssiarssuk Triangle.

If this is indeed an outcrop of the same horizon as that
exposed on the north face of Angmassiviup Qé@ﬁ, there would
be a relative upthrow of the order of 600 m,, parfly or

wholly caused by the 60° fault.

(11) Immediately north of where the imbortant.east-west
fault reaches the coast on the northern side of Nﬁgérssuk,
the basal unconformity of the Gardar Continental Series has
been brought up by a 50° fault. The granite outcrops just
above sea level and is heavily weathered; moreover, it has
been undercut by marine erosion and is inaccessible. The

granite may contain some thin sheets of 'carbonatite', though



this is not absolutely certain. The lowest part of the

sedimeﬁtary sequence is probably an arkose formed by in situ

weather_ing of the granite; no conglomérate is present.

The overlying sandstone lacks distinctive characteristics.
No trace has been found of interstratifiéd volcanic

beds recorded in earlier mapping.

(e) Geological History.

Much of the ﬂorth-west boundary of the Qagssiarssuk
Triangle is known to be faulted, with downthrow to the
south-west. The probable thickness and lithology of the
concealed strata may be inferred by comparison with other
areas, In the Majﬁt - Ilf%aussaq area (ChapterI) and at
Igaliko (Chapter IV) Gardar sandstones and basaltic lavas
with an aggregate thickness of the order of 500 m, were
laid down prior to the first manifestation of the ultra-
mafic - carbonatite vulcanism.  Assuming that the ultra-
mafic effusives of the Calcareous Unif-do not greatly pre-
date the related rocks in the other areas, it seems likely
that a comparable successioh of sandstones and basalts under-
lies the Qagssiarssuk Triangle,

Nearer at hand, the strata of the peninsula which
projects northwards into Tasiusaq (see above) and the basalt
of Qagssiarséuk shore may be stratigréphically equivalent to
parts of the concealed succession.

The total absence of Gardar Continental Series material
from the pipe-breccias of the Basement reinforces the

suggestion of a substantial difference in erosion level on



either side of the'6d° fault. A very common feature of
volcanic pipe-breccias is the occurrence of fragments which
can be correlated with stratigraphical horizons many
hundreds of metres above (cf. Wagner, 1914, pp. 21-24,
Gates, 1959, p. 799, Upton, 1962, pp. 39-41),

Early in the Gardar Period, after a succession of
sandstones and lavas some hundreds of metres thick had been
laid down in the Qagssiarssuk area, a reservoi_r of lampro-
phyric magma highly charged with volatiles (particularly
002 and HgO) became available at moderate dépth in the
region around Tunugdliarfik. Locally, diatremes began to
make their way towards the surface. Various mechanisms
of advance are discussed by Gates (1959). Diatreme drilling
was particularly acfive in the Qagssiarssuk and Narssarssuaq
areas, The isolated areas of gneiss breccia in the
Basement may represent brecéiation ahead of diatremes,

(cf. Gates, 1959, p. B812).

Eventually, at some point, the pressure at the head of
the diatreme exceeded the hydrostatic pressure of the super-
incumbent rocks sufficiently for a fissure to open along
some ;ine of weakness, connecting the diatreme with the
surfaée.

if the magma colum were preceded by a cell filled with
volatiles under extreme ﬁressure (cf. Gates, op. loc.) the
opening of the fissure would result in the sudden expansion
of the volatile material, manifested by an explosion at
depth. Such an explosion might be responsible for the

development of the set of low angle fissures in the country

e
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rock which are now occupied by ultramafic sheet intrusions.
The classical example of such fissuring is at Aln8, where
sets of concentric conical fractures occur, Von Eckermann
relates these éets to a succession of explosions in carbona-
tite magmas at various depths (Von Eckermann, 1948). The
regional disposition of the fissures at Qagssiarssﬁk is
unknown. .

The sudden expansion of the gaseous magma into the
fissures led to the disintegfation of the magma into spheri-
cal drops (cf. Rust, 1937, p. 68). Subsequent attrition
during passage along the fractures may account for the
general absence of arrangement of elongate minerals parallel
to the periphery of the nodules (etr. Rust, op. cit. ).

The large nodules of the lamprophyric breccia (up to 5 cm.

in diameter) have most probably formed from plastic or selidi-
fied lamprophyre. Similar nodules have been described in a

1 ft., dike of monchiquite in Ayrshire (Eyles, ét al,, 1949),
Of this occurrence the authors write ... "The exposures
indicate intrusion of monchigquite along a dike-fissure with
explosive violence, followed by brecciation and calcite
veining".

Thé angular form of the gneiss inclusions in the
lamprophyric sheets and the irregular nature of the laterah}
contact surfaces, including the occurrence of screens and
blocks almoest, but not wholly, detached from the wall-rock,
would seem to be at variance with the conception of explosive
introduction of the magma, Moreover, there is an absence

of pyrometamorphic effects whieh might be expected in the

mp'
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country rock on exposure to this ultrabasie magma for any
length of time. (By contragt, the granitic blocks in the
pyroxenite are well rounded, presumably by corrosion).
Dawson, (1962 (a) p. 558, dealing with closely similar
problems concerning the emplacement of kimberl jte, invokes
fluidisation as a mechanism of intrusion capable of explain-
ing the lack of pyrometasomatism in the country rock, the
survival of fragile wall-rock appendages and the high degree
of metasomatic alteration of the inclusions.

It is possible that the limited metamorphic effects
and lack of erosion of the wall-rock may simply reflect
rapid cooling of the magma. In many dikes, great volumes
of magma pass through, maintaining a high temperature at
the contact for prolonged periods. In such cases the
wall-rock is well smoothed and may show evidence of thermal
metamorphism. The fissures of the present discussion are

of very limited lateral extent - they formed cul de sacs

for magma as opposed to channels. Heat loss to the
country rock would have been at a maximum; expansion of the
gases would also have contributed to rapid cooling. The
lack of a through-current would explain the abundance of
angular fragments and appendages, The latter could have
become partially detached, (e.z. as a result of differential
thermal expansion) when the main fissure had already filled,

The specific gravity of the granite is undoubtedly lower

‘than that of lamprophyre, so the distribution of the frag-

ments is probably related to the late movements of partly

cooled, viscous magma,
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With the passage of fragment-laden gases, the original
opening to the surface became eroded and enlargeq. Most
of the diatremes in the Basement are small in area and in
many cases their location on fissures can hardly be disputed.
Those of the Qagssiarssuk Triangle are mostly of much
greater area and have a sub-circular cross-séction. This
apparent widening with decreasing depth recalls the struc-
ture of meny kimberlite pipes (ecf. Wagner, 1914, pp. 5-15)
and is further evidence that the exposures of the Basement
country and those of the Triangle are at substantially
different erosion levels.

The angular nature of the granite blocks in the
intrusive breccias inﬁicate that they have not long been
subjected to attrition. The excellent linear arrangement
of inclusions 1illustrated in Fig. 5.1l is local evidence of
gas flow with energy sufficient to induce alignment but
inadequate to cause entrainmen#, which inevitably would
have been followed by collapse and disorientation, All of
the pipes in the Basement (with the exception of the pyrox-
enite necks) contain lamprophyre and/or a breccia consisting
of lamprophyriec and country rock material in various

combinations.

In the Basement north of Qagssiarssuk, the lamprophyric
magma was followed by uncompahgrite which penetrated many
of the earlier lamprophyre sheets, cut a few of the dia-
tremes and alsoe formed separate sheet intrusions. Possibly

another explosion at depth formed a further set of fissq\;es.



Nodular uncompahgrite may have formed where the melilitiec
magma penetrated fissures or pipes filled with nodules of
lamprophyre, sweeping them into suspension.
The Calcareous Unit of the Qagssiarssuk Triangle is
believed to represent the eroded remnant of a volcanic
cone or a group of adjacent cones. The effusive products
are predominantly pyroclastic, as is frequently the case
where ultramafic magmas are involved (cf. King and Suther-
land, 1960, pp. 306-307). The pyroclastic material
cbmprises contributions from the lamprophyric and uncompah-
grite magmas, from the various country rocks and possibly
from a concealed body of massive carbonatite,. The import-
ance of the latter component is open to question. Many
of the fine calcareocus tuffs may represent carbonatite ash
(cf. Dawson, 1962 (b) pp. 358-359; Downie and Wilkinson,
1962, p. 415); on the other hand, p&roclastic material of
almost any composition would be exceedingly susceptible
to carbonatisation on account of the small grain size.
Possible pyroclastic derivatives from an underlying

body of carbonatite magma are:

(1) the martite tuff

(ii) the block of apatite sgvite.

In mineralogical composition, the martite tuff finds
‘numerous parallels in carbonatite bodies of many regions.
Octahedral magnetite or martite (often with stepped crystal
faces) and apatite are probably the most common accessory

minerals in carbonatites. Records of pyroclastics of



similar composition are rare, but in the Feira District,
Sothern Rhedesia, D. K. Bailey has recorded carbonatitic
tuffs, containing martite octahedra in circumstances where
their genetic relationship to intrusive carbonatite is
indisputable. (Bailey, 1960, pp. 55-58). |

In the pyroclastic beds of Mfwanganu Island, Western
Kenya, Whitworth has observed blocks of carbonatite
-(Whitworth 19¢), pp. 168-169) probably derived ffom the
Rangwa volcanic complex (op., eit., p. 178). One such
block, in the collection of this Department, is of coarse,
white sgvite with numerous octahedra of iron ore, and
grains of accessory apatite and mica. The size, habit
and incidence of the ore grains is such that the rock
closely resembles the martite tuff from Qagssiarssuk macro-
scopically, if colour is disregarded. |

The apatite sgvite inclusion (61696) was collected
from a tuffisite pipe; similar blocks were observed in the
bedded pyroclastics of the Calcareous Unit, In appearance,
the rock is a typical plutonic sgdvite, and apart from its
low content of iron ore and lack of mica it is very similar
to the block from Kenya,

The aln8ite lapilli are essentially similar to those
found in the sheet intrusions north of Qagssiarssuk and
probebly formed at depth.  (cf. Holmes, 1956, p. 142).

The lava flows of the Qagssiarssuk Triangle are of
one rock type only, viz: a highly carbonatised uncompah-
grite, The uncompshgrite necks may represent the conduits

which fed these flows.
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Evidence of various high level sub-volcanic structures
is abundant in the Triangle. Some of the tuffisite dia-
tremes apparently failed to penetrate wholly to the surface;
others, such as V; and Vg, have outward-flaring margins and
~contain well stratified, occasionally cpose-bedded tufifis
which are probably crater deposits which have been subjec-
ted to surface sedimentation mechanisms. The sandstone
unit which succeeds the Calcareous Unit does not appear to
be breached by diatremes and the period of explosive activity
was followed by one of wolcanic quiescence in this area.

The dome struefure.in the sandstone indicates a minor,
localised renewal of upward pressure at some later stage.

The diatremes end associated sills of the Basement
country are almost certainly contemporaneous with those
of the Triangle. The rock types found in both areas agree
closely and are regarded as being comagmatic.'.

One of the youngest rock types associated with the
Qagssiarssuk volcanics is the coarse red syenite which
intrudes Vi. This rock is regarded as rheomorphic, potash-
feldspathised Basement rock. After consolidation, it was
brecciated and penetrated by veins of ankerite.

The barytes and fluorite mineralisation may represent
the latest event of the volcanic activity. At Chilwa, the
hydrothermal introduction of fluorite was part of '"the
final menifestation qf a waning carbonatitic activity"
(Garson and Campbell Smith, 1958, p. 82) and of African
+alkaline intrusions King and Sutherland write ... "Fluor-

spar and barytes are concentrated in the carbonatite,



evidently by late stage processes', (King and Sutherland,

1960, p. 513).

(£) PETROGENESIS

Concealed Intrusion of Carbonatite.

Many carbonatite bodies were at one time thought to be
enclaves of sedimentary limestone or intrusions of rheomorph-
osed sedimentary limestone (cf. Brggger, 1921, Shand, 1932).
With the detailed mapping of greater numbers of these com-
plexes, many of them situated in deeply eroded basement rocks,
it has become clear that any connection with sedimentary.lime-
stone 1s generally fortuitous and somewhat exceptional.

There can be no guestion that limestone of sedimentary origin
is absent from the pre-Gardar basement for a great distance
around Qagssiarssuk.

At the present time, it is probable that a majority of
geologists believe that most major carbonatite intrusions
have been emblaced in a magmatic form, rather than by replac-
ive processes (cf. King and Sutherland, 1960, p. 712. Garson,
1962, p. 196, de Kun, 1962).

For many years, one of the principal arguments against
the existence of a carbonate melt was the high melting point
of calcite viz., 1339°C. at 1025 atm. of COg, according to
Smyth and Adams (1925). More recent work by Wyllie and
Tuttle has shown that the presence of abundant H20 can reduce
the melting point of calcite enormously (Wyllie and Tuttle,

1960). A mixture with the composition 68 Ca0, 19 COg, and

13 H20 (wt.%), at 1,000 bars total pressure, is completely
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melted at 683°C. Eitel has shown that addition of alkali
carbonates to CaCOgz also causes a lowering of the melting
point (Eitel, 1954). It is possible that other components
of the melts, e.g. Pg0g and fluorine, lower the melting
point still further.

The nature of the ultramafic silicate rock suite, t_he
widespread potash-feldspathisation and the intense carbona-
tisation, with its highly significant trace element pattern,
makes it certain that a carbonatite body has been emplaced
at no great depth below the present erosion surface, in
the Qagssiarssuk region,

The martite tuff and apatite sgvite blocks are regarded
ag actual sambles of this concealed intrusion; fhe apatite
which they contain indicates that PgO0g was a significant
component of the carbonatite magma and fluorite mineralisa-
tion in the area suggests that fluorine was also present.
The potash responsible for the potash-feldspathisation of the
country rocks may have been present in the melt as potassium

carbonate at an earlier stage.

Potash Feldspathisation.

The emplacement of carbonatite is characteristically
accompanied by metasomatic transformation of the country
rocks, The alteration, in which desilication and introduc-
tion of alkalies are prominent, is known as fenitisation.

At the outer 1limit of fenitisation, the process is represent-
ed by the development of sodic pyroxene or sodic amphibdle

in cracks and veins and around quartz grains. Nearer the
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intrusion, the country rocks may be transformed into a mefa-
somatic syenite or even nepheline syenite. There is no
indication whatever of this type of fenitisation at
Qagssiarssuk; neither sodic pyroxene nor sodic amphibole has
been recorded.

At some African carbonatite complexes a process known
as feldspathisation is developed in association with feniti-
sation, e.g., at Chilwa Island (Garson and Campbell Smith,
1958) and Tundulu (Garson, 1962). Chemically, the most
outstanding feature of feldspathisation is the introduction
of abundant K50 and, where the process is fully developed,
an almost pure potash-feldspar rock is produced.

Garson and Campbell Smith compare the chemical changes

which occur in fenitisation and feldspathisation as follows:

Increase Decrease
Fenitisation K20, Nag0,Fe0, P05, Al503 Si0g
Feldspathisation X50,A1903,Ho0(?),S(?) NagO,Fe0,Feo0,

(Garson and Campbell Smith, 1958, p. 30)

These authors regard feldspathisation as & late process
imposed upon the fenites, possibly the ultimate stage of

fenitisation.

At a number of carbonatite localities potash-feldspathi-

sation is found unaccompanied by fenitisation. Examples

ClUny

occur in the Rufunsu district,Northern Rhodesia (Bailey,1960),

8. W. Tenganyika (James, 1958; Miller and Brown, 1963) and in

B



ihe country around Qagssiarssuk. In most of the African
localities the intrusions are eroded to a considerable depth
and the effects of potash-feldspathisation are confined to
basement rocks. At Rufunsu, however, Bailey reports felds-
pathisation of sandstone and conglomerates (Bailey, 1960,
D.41). In the vieinity of Qagssiarssuk, where more exten-
sivé supra-crustal rocks are preserved, sandstone and olivine
baéalt are feldspathised, in addition to basement granite.
(The feldspathised olivine basalt occurs in the Igaliko
area, Chapter IV). |

At some of the Affican carbonatite localities, the
feldspathised country rocks are believed to have been locally
mobilised anqﬁntruded as dikes (e.g. Garson, 1962, p.198).
In the Qagssiarssuk area, the red, potassic leucosyenite in
the vent Vi is believed to have originated in this manner,
The syenitic sill of the Musart(t Unit (Chapter I) is
sufficiently similar to suggest a like origin. The higher
soda content of the latter rock suggests t_het mobilisation
ﬁas initiated before the potash-feldspathisation process had

been carried to completion.,

Brecciation and plastic-flow.

Many carbonatite bodies are surrounded by an aureole of
strongly crushed or shattered country rock -- the thermal
shock-zone of Von Eckermann (1948) or the contact breccia
of Garson and Campbell Smith (1958). Von Eckermann des-
cribes granulation of gquartz in the country rock, The

exfoliation ellipsoids and accompanying breccias developed



adjacent to the carbonatised minor intrusions north of
Qagssiarssuk are regarded as a comparable phenomenon.
Mortar structure is developed in the rock fabric.

Von Eckermann considers this brecciation te be due
mainly to dynamical strain set up by heat flowing out from
the intrusion. Other sources of dynamic strain which may

have affected the country rocks at Qagssiarssuk are:

(1) Volume increase in the ultramafic intrusion

cauged by carbonatisation.

(i1) Volume increase in the country rock caused

by feldspathisation,

(iii) Solid intrusion or plastic flow of the

carbonatised intrusives.

There is no data available to substantiate the sugges-
tions of volume increase. There is, however, some evidence
of a limited amount of plastic flow. This is indicated by
the fractured apatite prisms (Fig. 5.41) and the flattened
form of the aln8ite nodules in the carbonatised sheet intru-
sions of nodular uncompahgrite (Fig. 5.4). Both the matrix
and the nodules in this rock type contain substantial amounts
of carbonate and might be expected to show the plastic
deformation effects characteristic of carbonate rocks.
Obviously, the plastic deformation could be induced by a

volume increase in the intrusion or in the wall rock.



The Ultramafic Rock Types.

The association of ultramafic rock types with carbona-
tite has been recorded in humerous instences. Lamprophyric
dikes are frequently found, including the varieties mice-
peridotite, aln¥ite, and monchiquite, e.g. at Alnd (von
Eckermann, 1948, 1968), Oka, (Stansfield, 1923), Turja
(Kranck, 1929), Chilwa (Garson and Campbell Smith, 19658).

Pyroxenite occurs in the vicinity of some carboneti_te
complexes, e.g. at Iron Hill (Larsen, 1942) Palabora, (Russ-
ell, Hiemstra and Groeneveld, 1956) and centres in Tanganyika
(James, 1958).

Uncompahgrite and rocks with a comparable high melilite
content are very uncommon and apparently restricted to
localities where carbonatite is present, viz.: Iron Hill,
Turja, Oka, and the Rangwa complex in Kenya (McCall, 1968),

Rocks of all the above types occur at Qagssiarssuk.

The lamprophyres.

The varieties mica-peridotite, aln¥ite, mica-monchiquite
and monchiquite are regarded as members of a gradational
suite. They are distinguished from one another by varying
proportions of olivine, biotite, pyroxene and melilite. In
rocks of these types, close chemical similarity is frequently
masked by contrasting mineralogy. This is well shown by
Flett (1933, pp. 182-183) who provides analyses of monchi-
quite, nepheline-monchiquite and biotite~monchiquite which
are closely similar and quotes average analyses of nepheline

basalts, ankaratrites and aln8ites which are also in close

Tl
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agreement,

Bowen's accoﬁnt of the alnditic rocks from Isle Cadieux,
and the related leboratory investigation of melts of compar-
eble, though simplified composition, indicates some of the
reactions involved in the development of such a lamprophyrie
suite (Bowen, 1922), The potassic ultramafic lavas of
Western Uganda have many features in common with the
Qagssiarssuk rocks. Holmes states that compositioqval
variability is a characteristic of the W. Uganda province
(Holmes, 1950, p. 778); elsewhere, he notes a roughly
complementary relationship between augite and melilite
in rocks of similar type (1956, p. 151).

The amount of mica in the Qagssiarssuk rocks is very
variable and in some instances there are signs that i_t is
of very late-magmatic or post-magmatic crystallisation.

For example, euhedral biotite has been observed within'
carbonated pseudomorphs after olivine and forming a shell
around a nodule of carbonatised aln8ite (Fig. 5.43), Bowen
(op. eit.) invokes a late-stage alkaline liquid to account
for the biotite in the Isle Cadieux aln8ite. At Qagssiar-
ssuk, the availability of a peotash~rich fluid is indicated
by the feldspathisation of the country granites.

In the greater Qegssiarssuk region, monchiguite has the
most extensive occurrence in space and time of the members
of the lamprophyre suite, Typically, the rock does not

contain melilite or biotite.



The uncompahgrite.

The classic uncompahgrite from Iron Hill, Uncompahgre
Quadrangle, described by Larsen, contains ca, 68% melilite,
(Larsen, 1942). The rock is a coarse grained plutonic
variety. The okaite of the Monteregion province contains
e similar proportion of melilite (Stansfield, 1923) and the
turjaite of Kola contains 41, 7% of melilite in a calculated
mode. Katungite may contain 40% of melilite (Holmes, 1950,
p. 781). At Rangwa, uncompahgrite and turjaite have been
described (McCall, 1958). |

So far as is known, effusive uncompahgrite has never
before been recorded; however, the subvolcanie nature of the
Rangwa complex is well substantiated (McCall, 1958, 1963)
and McCall describes dikes at the adjacent Ruri complex
which have been exceedingly rich in melilite and probably
closely similar to the melilite rock of Qagssiarssuk (cf.
MeCall, 1963).

- Among the hypabyssal intrusives of AlnY, some of the
types classified as kimberlites and ouachitites are very
rich in melilite, (Von Eckermann, 1948, 1958). This 1is
much more apparent ffom photomicrographs of the Alnd rocks
than from.text descriptions (cf. Von Eckermann, 1958, Plate
VII Fig. 2, Plate VIII Fig. 2 and Plate X Fig. 1). It is
Probable that a number of the rocks classified as alvikite
by Von Eckermann are in fact carbonatised uncompahgrite
(ef. op. cit. p.49). McCall (op. cit.) follows Von
Eckermann in referring to such dikes as alvikite.

At Turja, Kranck considers it likely that the melilite

(Y
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of the tufjaite originated under the influence of residual
solutions (or melts) rich in lime which had penetrated into
a partly consolidated pyroxene-bearing rock belonging to
the ijolite stem or the lamprophyres." (1929, p.90).

Larsen demonstrates that the rock types of Iron Hill
can be explained "by postulating an original basaltic magma
modified first by"assimilation of marble and then by crys-~
tal differentiation." He shows that SS%BParts of the bases
of limestone (27 parﬁs Cao, 4}5 parts MgO and 2 parts SiOp),
added to 100 parts of Daly's average plateau basalt, would
give a rock of composition similar to that of uncompahgriie.v
The apatite and magnetite of Larsen's "marble" indicate
that the latter is an igneous or carbonatitic limestone.

The hypothesis is proposed that the uncompahgrite of
Qagssiarssuk is derived from the lamprophyres, probably the
monchiquite, by intense desilication caused by a reaction
with carbonatite. The rock is quite distinct from the
lamprophyres in mineralogy and there is an absence of types
transitional between the uncompshgrite and the most melilite
rich of the lamprophyres. A considerable bulk of the
uncompahgrite magma must have been available, to account
for the sills, flows and necks of the rock, It is likely,
therefore, that the reaction which produced the uncompahgrite
magma operated on a considerable scale.and that sizeable
quantities of lamprophyre were wholly converted to uncom-

pahgrite before the latter was erupted.
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Calcitic Carbonatisation,

It is believed that the lamprophyre and uncompahgrite
magmas of the Qagssiarssuk region were very-rich in
Ll hevmative CaCO5 and that the resulting rocks were
subjected to a strong late-magmatic caerbonatisation. The
monchiquites of Nunasarnaq and Sitdlisit, (which are most
remote from Qagséiarssuk and, presumably, the carbonatitic
intrusive centre as well) contain sbundant calcite and
virtually no dolomite.

In an earlier section of this chapter, it was shown
that there is evidence to suggest that in the Qagssiarssuk
area, an early phase of calcitic carbbnatisation of_the
ultramafic rocks was succeeded by an ankeritic carbonatisa-
tion and that only at the highest levels were the calecitic .
rocks partially preserved.

While it seems probable that the 1amprophyres were
subjected to an autometasomatic calcitic carbonatisation,
the same explanation can hardly apply to the uncompahgrite
flows. In the case of these,the compositional change is so
complete that the disposal of the expelled materials
(principally silica; also possibly alumina, magnesia, etc. )
presents a formidable problem, Alternative explanations
are (i) that the uncompahgrite was already carbonatised
prior to extrusion and (ii) that the flows were carbonatised
after extrusion. The latter alternative is also subject
to the silica disposal problem. In other areas, e.g.
Rufunsu (Bailey, 1962) and Chilwa (Garson and Campbell Smith,

1958, pp. 82-83), a late silicification may be complementary



to carbonatisation of silicate rocks, but at Qagssiarssuk
gquartz veins appear to be asbsent from the flows and pyro-

clastics of the Calcareous Unit.

Carbonatite flows.

McCall (1963) states that the highly carbonatised
melilite rich dikes of North Ruri "must surely have been
intruded as carbonatite (alvikite), not as aln8ite". He
believes that certain of these dikes "represent an aln8itic
magma which has been al least part}y érystallised and then
metasomatically transformed by a pulsation of carbonate on
its upward passage, and solidified as alvikite". The
Qagssiarssuk flows represent the extrusive equivalent ‘of
such a magma. (saether, 1957, pp. 103 and 109, prbduces
evidence to show that melilite may persist into peri-mag-
matic or possibly hydrothermal conditions). Other '"car-
bonatite" flows recorded in Africa may have a similaf origin,

Exaﬁination of thin sections of the rébent—Carbonatite
flows from Oldoinyo Lengai (Dawson, 1962 b, DuBois et al.,
1963, Dawson 1962c) has revealed the presence of numerous
structures which have been interpreted as pseudomorphs after
at léast two different silicate minerals. Pseudomorphs of
the first group are well rounded, show traces of a well
developed cleavage and are thought to have been originally
mica or possibly serpentinised olivine; pseudomorphs of the
second kind are lath-ghaped and thought to be replacive
after melilite. (The slides were made available to the

author by courtesy of Mr., T. Deans of the Overseas Geological
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Surveys Office).

Table 5.17
I II ILI IV Vi

810, 4.4 B. 62 1,01 7. 29 3. 99 -

T10g 2.4 0. 53 0. 06 0. 86 0. 06

Alg0g 0.7 1. 29 0. 23 1. 04 0, 57

Feg0, 4.1 2. 84 0. 64 2. 23 3. 36

FeO 0,5 1,94 3.19 1. 58 tr.

HnO 0.5 0. 46 1.12 0. 35 1.40

MgO 7. 2 1,46 0. 88 3. 74 1. 35

Ca0 40, 1 46,88 49,02 45,71 48, 54

Nas0 0. 2 0. 40 0, 14" 0. 21

K0 0,1 0. 64 0.13 0,13
. Py0p 2.7 1,96 0,69 0,67 0. 07

CO, 36. 4 33,02 41,66 34,88 40,22

Hg0 0.1 1. 57 0. 40 1.78 0. 09 -

BaO 0.1 0, 75 0. 60

Sro 0.4 0. 39 0. O1

S0 0.48

F - 0.18

8 0. 49 0. 20

80, 0. 48

Total 99. 9 99.91 100,44 100,33 99, 99

I Carbonatised uncompahgrite flow, 61740, Qagssiarssuk.

Analyst: B. I. Borgen.

o
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II Carbonated lava, C. 5509, Bomb from Kalyango Volcano,
Fort Portal volcanic field, Uganda.

Analyst: W. H. Herdsman. (Holmes, 1956).

III Alvikite dike, analysis No., 120, Alnd,
Analyst: R, Blix., (Von Eckermann, 1948),

v Carbonate dike, Premier Mine, (No. 3125).
Analyst: Miss H. E. Vassar (Daly, 1925).

v Sgvite, Tundulu, Nyasaland.
Analyst: Miss J. R. Baldwin (Garson, 1962).

Similar extreme carbonatisation of ultramafic flows is
recorded from the Fort Portal area in Uganda (Holmes and
Harwood, 1932; Von Knorring and DuBois, 1961) and at
Kerimasi (see Bowden, 1962) and Igwisi (Sampson, 1966,
Fozzard, 1958) in Tanganyika.

The carbonated lavas of Oldoinyo Lengai, Fort Portal
and (?) Kerimasi have been widely accepted as examples of
extrusive carbonatite. Judged by the same criteria the
carbonatised uncompahgrite flows of Qagssiarssuk might
equally be described as extrusive carbonatite. Certainly ihe
chemical composition could hardly be more typically carbona-

titic. (See Tables 5.16 and 5.17).

Ankeritic carbonatisation.,

While it is believed that the lamprophyre and uncowmpah-
grite magmas contained abundant normative calcite, it is not

improbable that the concealed carbonatite contributed to the



calcitic carbonatisation of these rocks. The later, anker-
itie carbonatisation and the barytes and fiuorite mineral-
isations are ascribed to volatile fluids expelled from the
concealed body. In other carbonatite complexes, e.g.Fen
(Saether, 1957), Chilwa, Tundulu and Rufunsu, earlier calc-
itic carbonatite is part1y replaced by ankerite at a later
stage, This is the sequence to be expected under condi-
tions of faliing temperature (cf. Saether, 1950, p. 123).
The 1ampro§hyre and uncompahgrite magmas, the calcitic
carbonatitic fluid (if such existed separately) and the
ankeritic fluid, would all appear to be potential sources
of the K20 and AlgOz which caused the potash feldspathisa-
tion. The relative importance of the three sources as
donors of these oxides is uncertain. In the Igaliko area,
potash-feldspathisation of olivine basalt is not accompanied
by carbonatisation; this indicates the independent existence

of a hydrothermal potash solution,

Comparison with W, Uganda.

Compositionally, the mica-pyroxenite pegmatoid is a
glimmerite, The occurrence of this rock type recalls the
hypothesis of Holmes regarding the genesis of katungite
and its associates (Holmes, 1950) (vid. Table 5. ). Thin
sections of katungite from Katunga crater (kindly provided
by Mr. R. Freeman of this Department) were compared with
lamprophyres from Qagssiarssuk. The texture of the
Qagssiarssuk alnBites, typified by 61627 (Fig. 5,39), in so

far as it is preserved, agrees closely with the Uganda rock.



The minerals which have been positively or provisionally
identified in the lamprophyres are wholly characteristic

of the W, Uganda suite, (op. cit., pp. 776-7783.

Table 5.18

I II III
SiO2 87. 5 37, 31 42. 14
T1i0, ' 6.2 3. 33 3. 38
Alg0, 6. 2 8. 61 8,73
Feo0y 54 9 8, 42 4.72
FeO - 12.0 2,60 5. 63
¥MnO 0.2 0.19 0.18
| MgO 13,1 11,02 16, 59
Cal 7.2 16, 23 8.98-
Nan0 0.2 1. 66 2.00
Ko0 4,9 4,46 3. 98
Po0g 1.0 1,353 0. 48
002 2.7 2. 36 0, 31
Ho0 1.6 2. 27 1. 99
BaO 0.6 0. 22
Sr0 0.2 . 0.14
Total 99, 6 99, 99 100, 07
I Mica-pyroxenite (pyroxene-glimmerite) 61634, Qagssiarssuk.

Apalyst: B. I. Borgen.:

II Melanite ouachitite, Turja.

Analyst: E. H. Kranck (Kranck, 1929),



III Ugendite (with xenocrysts of biotite), G.44. Katwe
crater, Uganda.

Analyst: H. F. Harwood. (Holmes, 1956).

In view of the high potash associated with the ultra-
mafic rocks of Qagssiarssuk, there is a distinct possibility
that the lamprophyric suite was originally closely analogous
to rock types such as katungite and ugandite, even to the
extent of containing minerals such as kalgilite and potassic
glass, The successive episodes of carbonatisation would
inevitably have destroyed these minerals and, since they
are not characterised by euhedral form, recognisable

pseudomorphs would not occur.
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CHAPTER VI. THE NARSSARSSUAQ AREA,

(a) GROLOGY.

About three square kilometres of stratified Gardar
sediments and-volcanics outcrop immediately south-~e_ast of
Narssarssuaqg Airport. The strata strike approximately east-
west, dip regularly to the south at an angle of 20° and outcrop
on the. north-wegst-facing slope which stretches from the gravel
flats of the Kiagtut River estuary up to the margin of the
Igaliko Nepheline Syenife Complex where the ground begins to
level off at abouf 400 m, . Much of the slope is very steep or
pPrecipitous and south of the Harbour the 1and.plunges almost
vertically into the waters of the fjord.‘

The greater part of the area is mantled by soil or scree,
_both'of which supporf a prolific grbwth of vegetation, in
particular willow scrub, which is often head-high or considerably
taller, seriously impeding movement and observation., These
willow bushes seem to grow regardless of relief and persist
Wwith remarkaple tenacity on the steepest gradients.

The amoﬁnt of outecrop is very restricted indeed and
continuous exposure over more than a few tens of metr_es is
rare, away from the coast and Reservoir River sections. In
both these places the strip of exposure is exceedingly narrow

and liable to occasional interruption.
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Table 6,1

Stratigraphical. Succession on Hillside above Narssarssuaq.

For Location see Fig, 6,93

Because of various considerations of relief, vegetation

and available exposure, the Measured Section was tak_en almost

directly uphill, i.e, in a south-east direction, at a considerable

angle to the strike of the strata, The thicknesses of »Bhe
major layers (e.g. thidk sequences of basalt) are recorded
simply as the differeﬁce in altitude between base and top;
" there is no doubt that this value may depart considerably from
true thickness on occasion,

In the case of thinner beds, with thicknesses of u_p to
about 5 m,, true thicknesses are recorded; these were estimated
visually, It is possible that minor stratigraphical 1ayersy

have been missed out.

TOP
Metres
The contact with the intrusive syenites at ca. 350m,
is not exposed,
330-350 Compact metabasalt.
325%-330 Calcareous tuff, locally agglomeratic, with marked

cross-bedding (Fig. 6.4). -At the top there is a

b - 10 em, thick layer of fine greenish rock



3241 -326%
323-324%
520-323
281-320

280-281

263~281

260-263

2560-260

240-250

23556-240

2256-2356

contaihing large, round quartz grains. This may be
comparable to the "tilestone" of other areas.

Total 4% m..

Fine grained, green guartzite, 1 nL.
Calcareous tuff. lim..

Strongly cloven metabasalt. 9m..
Compact metabasalt.

Finely banded green and purple chert-lik_e rock
with a 5¢em, layer of pale grey limestone 30cm. up

from the base., 90°/10°S8, 1m..
Basalt with occasional vesicles.

Coarse, calcareous lapilli tuff, locally agglomeratic.

on, .

Black, vesicular metabasalt. The basal part is pale
Pink and has a knife-sharp contact with the under-

lying black basalt.

Metabasalt with occasional small vesicles. Partings

at 10cm, intervals.

Massive, pale grey basalt, 10cm, partings in

upper part.

Bedded sandstone, poorly exposed,



100-2%56
70-100
ca.20¥7O

below
ca, 20

Basalt.
Quartzite.
Basalt. Possibly faulted against overlying quartzite,

Reference to the shore section suggests that the

basalt may be underlain by sandstone.

BASE

At about 250m, there is a break in the slope and a rather

wide, level shelf is developed. The following group of rocks

outcrops

(vi)

(v)

(iv)

(1ii)

at essentially constant altitude:

Dense black basalt, base not exposed. ca, 2m..

Fine grained, pale green rock, containing large, round

quartz grains. (cf. "tilestone" ?). 30 cms.

* Calcareous tuff, 30cms.

Fine, green rock with large, round quartz grains,

- becoming shaly toward the top. 30 cms..

(11)

(1)

Calcareous tuff, 20 cms..

Sill of derk red microsyenite, with dark blue, finely



spherulitic, chilled upper contact. At least 2m..

Table 6, 2.

Stratigraphical Succession in the Reservoir River,

Narssarssuag,

The contact of the basement granite against Gardar sandstone
is expoéed in the stream bed at about 70 m.. Although the rock
surface is rather deeply weathered, the position of the comtact
plane can be located to within a few centimetres; it strikes
roughly east-west and apprears to be steep. No basal sedimentary
facies is developed; on the other hand, there is no definite sign
of crushing or mylonitisation at the contact. Although the
general impression indicates that the boundary.is faulted, this

is not absolutely certain.

Metres

Above 350 At about 350m, the basalt is overlain by quﬁrtg;te.
Thg thickness of this sedimentary layer is uncertain,
since relationships are confused by the intrusive

alkaline rocks. It is probable that the sedimentary



220-360

180-220

142-180

140~ca, 142

120-~-140

100-120

70-100

layer_was only a few metres thick and was succeeded

by further basalt.

Basalt. At 220m. the basalt/quartzite contact is
very well exposed. Its disposition is 1200/ 20%s.
A short way above this, the main contact of the
syvenite is reached in the principalleast - west
stream. A left bank tributary was followed south-

wards,

Quartzite, considerably shattered and intruded by

syenite,
Basalt.
Quartzite.

Basalt. At ca. 120m., immediately below a waterfall,

‘basalt is exposed overlying quartzite with a contact

plane disposed 125°/ 20°S.  Apart from this single

outcrop, the quartzite is not exposed and its thick-

ness is unknown.

Intrusive, fine, red syenite.

Not exposed.



SHORE SECTION
NORTH OF
NARSSARSSUAQ HARBOUR

255 QUARTZITE
= BASALT
LAPILLI TUFF

[« ] voLc. BrecCIA

W
Sng

3

Q

]
W






Coast Section North of Marssarssuaq Harbour.

(See Fig. 6.5)

The lowest rock of the sequence which is exposed outcrops
800 m, north of the harbour. It is a well laminated white
sandstone with occasional ripple marks., - The bedding and
lamination strike 100° and dip southward at an angle of 20°. The
bed is exposed for about B0 m. along the shore. The_uppermost
few metres are recrystallised to saccharoidal gquart zite.

The succéeding rock is a black basalt, which is chiiled
against the guartzite at a contact disposed 110°/300s, The
first flow is 5m., thick; of this, the lowest 30cm. is quite
massive, but above, the rock becomes increasingly porous. The
top Im. is coarsely scoriaceous. The next flow, aithough only
2-3m, thick, dips at a very low angle and outerops for some 50m.
along the coast. It is very pfous and. the top part is notably
scoriaceous (Fig. 6.6). The base of a third flow is chilled
into this. ‘There is a break in exposure for 4O0m. , beyohd which
a magssive basalt is briefly exposed, overlain by lapilli beds;

details of these are as follows:

TOP
(v) Coarse lapilli with abundant large grains of quartz. b5Ocm,
(iv) Alternating layers of fine sediment and lapilli. 1m,

(iii) Coarse lapilli. eca. 1m,



(i1) I'ine sediment. 50cm.

(1) Cross-bedded, fine lapilli tuff. 1m.

BASE

This section is cut by a 65° fault with ca. im. downthrow
to the 8.E. The tuffs are overlain by a basalt layer, The
bottom few centimetres are quite porous, upward the flow becomes
compact,

Beyond another break in exposure of about 40m,, quartziteris
exposed for ca. 100m.. A reading 950/1203 was taken on the
bedding. To the south, the quartzite is faulted against basalt.
A crush zone about lzm. wide is formed, consisting ofiangular
fragments-of quartzite in a dark, obscure, quartz-impregnated
maprix. The trend of this crush is not wholly certain; it is
probably roughly east-west.

The only exposure over the next 100m. or so consists of two
small outcrops of volcanic breccia, probably belonginé to a
diatreme. Beyond a conspicuous mylonite zone, striking 30°,
bedded lapilli and fine sediment are developed, followed by dense
basalt., The pyroclastics are closely similar to those described
ébove.

Between this point and the Harbour there is scarcely any

exposure, but the road cutting, and various small quarries near






the shore show a succession of basalt flows.

Shore Section South of Narssarssuag Harbour.

The most southerly outcrops of sedimentary and volcanic
strata in the area occur about 400m, south of the harbour mouth
and must be approached by boat. Next to the contact with the
syenites, the stratified rocks are strongly metamorphosed. The
calcareous rock types are devoid of original structﬁres and have
been transformed to serpentine marble.

A little way to the north of the contact a section of
stratified rocks is very well displayed (Fig. 6.7), although
only the lowest 4 - 5m, is accessible to close inspection.

The succession is as follows:

TOP

(viii) A compact basalt of unknown thickness. The lowest
lm{ is-porous, and toward the base approximately 50%
of the rock by volume is made up of irregular bodies
of carbonate, It is thought that primary amygdaloidal
material in the lava has been concentrated and to some
extent redistributed by the effects of heat and/or

pressure, This lowest part may represent a separate

thin flow.

(vii) Pale grey limestone with thin dark partings. 7 - Bcms.



(vi)

(v)

(iv)
(111)
(11)

(1)

Calcareous lapilli tuff, Contains numerous platy
cleavage fragments, up to 10 ecm, long, of limestone

and of the underlying banded rock, orientated roughly
rarallel to the bedding. This layer has the appearance

of a reworked sedimentary horizon. 14 cms.

Fine grained green and purple rock with very regular,

fine bgnding. The bottom 5 cm. is unbedded . 50 cms,
Pale limestone with thin dark partings. 6 cms;

Fine, banded rock. 2 cms,

Pale, fine limestone. 2¢«3 cms.

Porous basalt, A maximum of ca. 2% m, is exposed.

BASE

- em e e W wm

Metamorohism

All the volcanic and sedimentary rocks have be—en subjected

- to metamorphism by the Igaliko Nepheline Syenite Compiex. A

resumé of the alteration effects displayed by each of the principal

rock types follows, based on field observations,




(1)

(i1)

(iii)

Sandstone is coaverted to quartzite, with a varying
degree of recrystallisation, The fine, bhanded,
siliceous tuff or sediment becomes chert-lik_e.

Near the contact with the plutohic rocks the: sandstone
is metasomatised and partly assimilated by the intrusive
syenite with the production of alkali granite which veins

both parent rocks.

Basalt throughout ﬁhe area is dense, black, fine-grained
and tough. The amygdular minerals are recrystaliised.

A cleevage is sometimes developed parallel to the top and
bottom of t he flows. Closer to the intrusive contact
the rock is often crossed by a network of fine veins of
some unknown material which is more resistant to weather-
ing than the host rock, and extensive brecciation is
sometimes seen, The most strongly affected basalts

may undergo a colour change, becoming pink or a pale
creamy colour. Hornfels, such as is developed at Iganek,

has not been recorded here.

The calcareous pyroclastics have undergone a varying
amount of recrystallisation, Structures often survive
2 surprisingly high degree of metamorphism, although
their presence may only be demonstrable in outcrop where
emphasised bylthe effects of differential weathering,

Ad jacent td the contact, calcareous material,
whether pyroclastic or amygdular, is recrystallised as

a coarse, saccharoidal rock, commonly dark grey, but




occasionally with pale, yellow - green streaks indicative

of a serpentine marble.

gtructure

Viewed from the west, the sfratification of the Gardar
succession appears to be very regular (FPig. 6.1). There is no
sign of dislocation; however, faulting in the dip direction would
not necessarily be apparent from this side.

The geological map of the area (Fig., 6.2) should be regarded
as schematic, for the sandstone/basalt boundaries are largely
intuitive extrapolations based on a very limited number of
outerops, It is often uncertain whether boundaries are succes-
sional or faulted. Observations made in the Reservoir River
section, in particular the disposition of two well-exposed
basalt/guartzite contacts, meke it quite clear that the strata
hereébouts conform reasonably closely to the general dip and
strike of the area. The most northeérly basalt/quartzite
boundariés shown in Fig., 6,2 must therefore be considered

erroneous.

(b) PETROGRAPEY

Only six thin sections are available, three of basalt and

three of calcareous rocks.

Basalt. All three specimens are from t_he low ground north

of the Harbour.
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44471 is a rather coarse typé with an undirected fabric of
rather broad féldspar laths 1 - 2 mm. long, which have been
altered to a fine aggpregate of chlorite and sericite. Inter-
stitial pyfoxene has been pseudomorphed by a pale green amphibole.

About 10 - 15% olivine is indicated by pseudomorphs formed of

chlorite and ore. The olivine grains have been irregular in
slze, shape and distribution, The largest were ca, lmn. in
diameter,

44477 is of a very fine-grained variety of basalt which was
probably entire_ly lacking in olivine. The plesgioclase laths
are ca, 0,2 mm, in length and the pyroxene has been ophitic.
Alteration has beem similar to thet of 44471.

44475 resembles 44477, but is highly vesicular and more
strongly altered. Most of the groundmass has been coaverted
to fine-grained chlorite, sericite, iron ore and sp_hene, The
vesicles, which are very numerous, contain clear carbonate ,
pierced by occasional large, well-formed grains of sﬁhene and
occasionally accompanied by a clear fe_ldspar of low relief,
probably albite. Around. the periphery, there are sheaves of

chlorite fibres and occasional grains of epidote.

Marble. 44472 was collected at the Harbour and 44478 from the
contact with the intrusives at 400 m,. Both specimens have a
similar coarse, saccharoidal texture and consist principally of
carbonate, Many of the other minerals have a rounded habit and
poikiloblastic relationships are common, In addition to clear

carbonate, 44472 contains iron ore and an olivine with a very




large 2V, while in 44478 the carbonate is accompanied by partly
serpentinised olivine, garnet, ore and a colourless mica,

probably phlogopite.

Calcareous Tuff, 44473 was collected above 300m., in the north-

eastern part of the area. It is only partly recrystallised, but
the original nature of the rock is much obscured. The ground-
mass consists of clear, anhedral grains of carbonate, occasional
corroded prisme of apatite and some grains of ore which may
represent corroded octahedra, in a base of fine chlorite, The
inclusions, most of which are well rounded, range from 1 - 5mmn
in diameter. Most are of a fine-grained aggregate: of chlorite
and carbonate with a sprinkling of fine ore grains; analogy with
the lapilli tuffs of Qagssiarssuk suggests that these may possibly
represent altered monchiquite. A few are of feldspathic rock,
consisting of groups of ragged laths of untwinned feldspar of low
refractive index, up to lmm, in length, probably representing

lapilli of highly altered basalt,

(¢) GEOLOGICAL HISTORY

The -total thickness of the stratified volcanic rocks at
Narssarssuaqg is 400m,, constituting more than four fifths of the
known succession. Three periods of eruption are represented,
each preceded and followed by periods of volcanic quiescence

during which water-laid sandstone was deposited; no conglomer_ate
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beds have been éeen. ' The sandstones appear to be free of
voicanic material and no structures have been observed in the
lavas which would indicate that their extrusién was ever other
than terrestrial.

The two earlier volcanic sequences contain lapilli beds
which indicate occasional phases of explosive vulcanism, The
pyroclastics are of basaltic material, presumably derived from
the same magma as the flows. Iﬁ the uppermost volcanic sequence,
explosive products occur at four horizons, at least. The pyro- .
clastic material is highly calcareous and may indicate periodiec
incursions of another magma connected with the lamprophyre-
carbonatite association,

All the lavas are basaltic and essentially aphyric.
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VII. OTHER OCCURRENCES OF GARDAR STRATA.

(Refer to Fig., €, in the Introduction)

1. Occurrences in the Tunugdliarfik - Sermilik region,

(1)

(11)

(1ii)

(iv)

At Agpat, on the southern shore of Tunugdliar-
fik, a small area of sandstone a few hundred
metres in length occurs at the margin of the
Ilfﬁauséaq Intrusive Complex. The bedding

is inclined at 25° toward the south-west.,

So far as is known, marker horizons are absent

and the stratigraphical position of the block,

with relation to the Gardar Continental Series

is uncertain. (Ussing, 1912, p. 71).

Near the head of Kangerdluarsuk, fragments of
sandstone up to 100 m. in length are included
in augite syenite near the margin of the

Ilfﬁaussaq Intrusive Complex. (cf. Ussing,

1912, pp. 51-52).

Recently, fairly extensive remnents of Gardar
sandstones and pyroclastics have been found

adjoining the Igaliko Intrusive Complex some
kilometres east of narssarssuaq. (c. H

Emeleus, pers. comm, ).

On the island Igdlutalik, south-east of

Narssaq, angular fragments of quartzite have

been recorded in a diatreme which pler_ces




(v)

(vi)

o
'_g.

the Basement granite (Upton, 1962, p. 39).
So far,.this is the only instance where
sedimentary material has been observed in a
diatreme below the level of the Gardar basal

unconformity.

In the Tugtutéq central complex, Upton des-
cribes the occurrence of quartzite and basalt
as "intrusion-brecciated roofing material" in
syenites and alkali granites. (Upton, op.
cit. p. 46). Examination of a few of the
basalt fragments indicates affinity with flows
of the '"star" basalt' type found of the

Ilfmaussaq Peninsula,

In the Basement granite on the island
Qegertarssuaqg, 15 km., east-north-east of
Narsgsaq, Scharbert records a 1.5 m, ~thick
fissure-filling of wind-blown sand, which may

be of Gardar age. (Seharbert, 1963),

Lo Occurrences outside the Tunugdliarfik - Sermilik region.

(1)

Moltke describes erratic blocks of diabase,
red sandstone and porphyry in moraine assoc-
iated with the more westerly of the two
glaciers which reach down from the Inland Ice
to the innermost part of Sermilik. He
comments on the similarity these rocks bear

to the strata of the Ilfﬁaussaq region and




(i1)

(iii)

3G 2
539?2

and suggests that Gardar strata may underlie
the Inland Ice. (Moltke, 1896, pp. 104-105).

The locality is ca, 40 km, north of Narssaq.

The Nunarssuit Intrusive Complex, ca. 100 km,
west of Narssaq, contains abundant meta-
volcanic and metasedimentary material as

large xenoliths. (Harry and Pulvertaft,
1963). Although the authors favour a pre-
Gardar source for this material (op. cit.
P.8l), the petrographic description is strongly
suggestive of "star" basalt of the Ilfﬁaussaq
Peninsula, while the epidote nodules reeall
the epidote mineralisation found in the Gardar
volcanics adjacent to the Ilfhaussaq Intrusive

Complex (cf. op. cit. pp. 78-8l).

Wegmann (1938, p. 60) refers to two further
areas where Gardar strata may be concealed by
the Inland Ice. The first is in "the feeding

ground of the Sermitsialik Glacier", the

- second 'below the glacier of Kobbermine Bay'.

These localities lie ca, 50 km, and ca., 90 km,
west of Narssaq, respectively. Wegmann's
inference is based on the discovery of volcanic
and sedimentary rocks among glacial erratics.
Investigations by members of the Survey in
these areas in recent years indicate that the

material is more probably derived from pre-
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Gardar formations (cf. Harry and Pulvertaft,

1963, pp. 15 and 16).

VIII, SYNTHESIS AND CONCLUSIONS.

Stratigraphic Correlation.

For purposes of comparison, the stratigraphic
succession of thelllfﬁaussaq Peninsula between Majﬁt and
Ilfhaussaq is taken to be the standard. succession for the

Gardar Continental Series.

The succéssion of the hillside south of Igaliko is
6bviogsly the stratigraphic equivalent of the Mﬁjﬁt Sand-
stone Unit together with the lower part of the Musarﬁﬂt
Unit of the Ilfmaussaq Peninsula. This is best shown by
the nature of the sediments, which include arkosic beds,
conglomerate horizons and even a rock similar to "Igaliko
sandstone', The succession at Igaliko is somewhét con-
densed, compared to that north of Tunugdliarfik. Corre-
lation of individual effusive basalt sheets cannot be
satisfactorily effected. On the Ilfhaussaq Peninsula,
the lowest effusive basalt is ca. 800 m. above the base of
Gardar while the lowest basalt flow at Igaliko is only
ca. 260 m, above the basal unconformity. The basaltic
sills are petrographically identical with those of the
Ilfﬁaussaq Pe_ninsula and may originally have been in

continuity with these,

In the Qagssiarsaq - Tasiusaq area, basalt flo_ws



e 2
and sills are tentatively correlated with those of the
Musarﬁ@t Unit. The composite volcanic horizon on the
péninsula jutting into Tasiusaqg closely resembles composite
horizons at Igaliko. The "tilestone" at the base of the
Calcareous Unit in the Qagssiarssuk Triangle, a rock of
highly individual characteristics, is essentially identical

to the "tilestone' of the Musartét Unit.

The stratigraphy of the Narssarssuaq area is radically
different from that of the other areas. The greater peart
of the 50O m. succession consists'bf'extrusive basalts,
with intercalations of carbonatitic pyroclastics in'the
upper part. The absence of "star" basalt weighs heavily
against correlation with the Ipiutaq or Ilfhaussaq Volcanic
Units. The carbonatitic tuff has close affinities with
the pyroclasties of the Qagssiarssuk area, The Narssars-
suag succession is provisionally correlated with the upper
part of the Musarﬁﬁt Unit above Musartﬁ% where, in a period
represented by ca, 330 m, of strata; at least four thick
flows of basalt were erupted and calcareous pyroclastic
material ("tilestoné")'deposited on at least one occasion

(possibly on two occasions - c¢f., Table 1.2).

In the country to the south and west, at Narssag and
Nunasarnaussaq, the stratigraphy of the lower part of the
Gardar.Series is quite different from tha£ of the Musartet
and Igaliko vicinities, At Nunasarnaussaq, the strata
underlying the Ipiutaq.basalts are condensed to 400 m ;

this contrasts with the succession on the main part of the



Iliﬁaussaq Peninsula where the Majﬁt Sandstone Unit, the
Musartﬁt Unit and the Naujarssuit Sahdstone Unit have an
aggregate thickness of the order of 1600 m,. No correla-
tion with individual horizons within these Units ca_n be
made,

In sub-area 6 of the Narssaq area, the 300 m, of k{pﬁer
Gardar strata which is preserved resembles the succession of
Nunasarnaussaq. A group of alternating thin layers of
sandstone and tuff is copmon te both areas; repeated thin
dark horizons in the sandstone of Iganek (north of Igaliko)

may represent tuffs of similar age,

It is evident that the thicknesses of the various
lithological members of the Gardar succession vary greatly
from one area to another. It is also apparent that the
stratification in all of the areas is generally very
regular, This is well typified by the cliff sectlon
above Sermilik (ef. Fig. 1.1). Apparently, the sediments
-and lava flows were usually laid down on a sub-horizontal
surface. Inevitably, minor lateral changes in the succes-
sion would occur - - this is shown by the wedging out of
the basalt flows in the Nunasarnaq Sandstone Unit, It is
likely that pyroclastic cones of ultramafiec composition
rose above the level Gardar landscape, but only a single
exgmple of such a cohe has been found (in the Qagssiarssuk
Triangle).

To account for the contrasting stratigraphical
successlons of adjacent areas, it is postulated that the

several main areas of Gardar strata are on different fault
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blocks which subsided, relative to one another, at differ-
ent rates, during Gardar times. Apparently, the main
fault block of the Ilfﬁaussaq Peninsula sank rather'rapidly
relative to the Igaliko an& Nunasarnaussaqg blocks. The
succession of the Ilfhaussaq Peninsula is now strongly
downfaulted relative to the strata south of Tunugdliarfik;
the base of the Gardar at MAjlt is downfaulted ca. 1400 m
(assuming that the plane strikes east-west and dips south
at 10°),

The sites of some of the principal faults involved
are now occupied by younger intrusives and by the fjords. .
It is probable that a B50-60° fault along Tunugdliarfik,
with downthrow to the north-west, was active in early Gardar
times, prior to the development of the phase of 60° fractur-
ing which marked the main period of dike intrusion in the
region,

The important reduction in the succession of the
Ilfhaussaq Volcanic Unit in sub-area 6 of the Narssaq area,
compared with the sequence north and east of the Ilf&aussaq
Intrusive Complex (cf. Chapter II), may be due to early

movements on the 90° fault whieh cuts across the Narssaq

Intrusive Complex.

Faulting,

The regional fault system has yet to be worked out
fully -and at present only a few preliminery observations

of a general nature can be made.
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The three main fault directions of the Ilfﬁaussaq
Peninsula and the nearby areas are 80°-90°, 50°-60° and
115°, There are strong indications that some of the faults

were active over an extended period.,

In the Qagssiarssuk - Tasiusaq Area, Gardar strata are
enclosed by faults representing all of these directions.

The provisional sequence of faulting is as follows:

(1) The development of early 90° faults, forming

. a graben,

(i1) 60° faulting. The fault at Qagssiarssuk has
downthrow to the S.E., the one north of
A
Nigfrssuk has downthrow to the N.W.. The

big 60° gabbro dike is not affected by (i).

(1ii) The formation of a graben between 115° faults

with lateral movement (probably sinistral),

On the main part of the Peninsula, stretching south
end west to the intrusive complexes, faulting is restricted
to minor, vertical movements of the order of a few tens of

metres on 50° - 60° planes.

Faulting in the vicinity of the intrusive complexes
is partly related to the emplacement of the plutons; however,

two major faults of regional importance also occur, viz, :

(i) The concealed fault with an upthrow of ca., 2 km,

te the south, which separates sub-areas (5) and

-3



(6). The strike of this fault must lie

between east-west and south-east - north-west,

(1i) The 90° fault which crosses Narssag Fjeld.
This fault was probably active during early
Gardar times, with downthrow to the north
(see above ). Movement ét a later stage is
indicated by a broad shatter zone which crosses
the Narssaq Intrusive Complex. Poor exposure
makes the eastward limit of the shatter zone
uncertain. There are indications that the
Narssag Intrusivé Complex has sufifered sinis-
tfal displacement by the fault while the
western béundary of the Ilfﬁaussaq Intrusive
Complex appears to have been affected by a

sinistral translation movement of ca. 3 km..

The Gardar strata of the Igaliko Area are bounded to
the south by an 80° fault. Observations by Poulsen (1961)

indicate movement at two periods, viz.:

(1) sinistral translation with a vertical component.
This movement induced drag folding seen in the strata of

the narrow fault-block immediately to the north.

(ii) sinistral translation of ca. 800 m. (shown by
displacement of a "Big Feldspar" dike). The vertical

A component is unknown,

The total downthrow of this boundary fault is not known,
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but it must have exceeded 800 m, in the eastern part of

the area,

A 65° fault crosses Igenek, causing a relative

upthrow of about 300 m. on the northern side.

Faulting on the Il{haussaq Peninsula and in adjacent

areas appears to have developed in three main phases:

(1)

, (11)

(1ii)

(iv)

There was a period of early east-west

faulting with some sinistral movement.

Important 60° faults were active along the

sites of the present fjords from earliest

‘Gardar times (cf. Upton, 1962, pp. 8 and 9).

/7
The Ilimaussaq Peninsula lies in a graben
defined by faults along Sermilik and
Tunugdliarfik,

Prior té the emplacement of the alkaline
plutons, tension at right angles to the 60°
directions led to intense fissuring in the
Ilfhaussaq Peninsula and Tugtutgh; the fissures
were intruded by swarms of dikes. There was
very little vertical or traﬁslational movement
on the 60° fractures of this age. These may

be regarded as dilational fractures, possibly
induced by arching of the upper drust related

to the pressure of the underlying magms.

ILate faulting in 80°-115° directions, including
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reactivation of early east-west faults.

Sinistral translation is usual.

A number of important 115° and 90° faults can be
traced for long distances in S.W. Greenland. Most show
sinistral displacement, often of several kilometres. Some
of these had already been active in.pre—Gardar times. The
Laksenaes fault, which crosses the Grgnnedal - fka complex,
causes a total sinistral displacement of 6 km ., made up of
three successive movements. Only the latest of these
(3 xm. ) took place in Gardar times (Henriksen, 1960).

Upton, (1962, p. 9) states that on Tugtutdy, east-west
faults with sinistral displacement underwent their main
movements before the intrusion of the E.N.E, - W.S.W. dike-

swarm was initiated.

Regional Tectonic Settigg,'

The Gardar sediments and volcanics of the Ilfﬁ_aussaq
region formed in an epeirogenic tectonic environment.

This is supported by the following facts:

(1) The region has a rigid, consolidated basement

of erystalline rocks,

(11) The region is characterised by block faulting.

No thrusting is known.

(iii) Although inclined at various low angless the

strata are virtually free from folding.

B0
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(iv) The sediments are exclusively continental
deposits. There is no shale, sedimentary

limestone nor any evidence of marine ingres-

gion,
(v) The volcanie rocks are basic, ultramafic and
alkaline varieties. Intermediate types

(e.g. andesite) are absent.

(vi) The associated intrusive rocks (syenites,
nepheline syenites, kimberlites and carbona-~
tites) are usually confined to epeirogenic

areas (cf., Backlund, 1932).

Pre-Gardar tectonegenesis and regional me_tamoerphism
resulted in the transformation of the upper erust into a
rigid cratonic block which adjusted to external stress by
fracture (cf. Wegmann, 1938, Harry and Pulvertaft, 1963),
There has been a high incidence of Gardar faulting in the
region and differential veftiqal and horizontal movements
have been relatively great.

The main areas of Gardar strata are largely confined
within faulted boundaries. In practically every case
the basal plane of the Gardar Series is downfaulted rela-
tive to the present erosion levels of the surrounding
Basement country. Many of the boundary faults were active

before and during Gardar times.

The nature of the pre-Gardar erosion surface is

eloguently described by Wegmenn (1938, pp. 61-62). During



a prolonged period of erosion the land was worn to a state
of extreme topographic maturity. A system of faults
v(some of which were already in existence), became active
with the onset of crustal widening which heralded the
Gardaf Period. Adjacent blocks were raised or depressed
in adjustment to the regional sﬁress pattern. The eleva-
ted blocks became sources of sedimentary material, which
wés'maintéined by repeated reactivation .of the faults,

The limits of the sedimentary basin in this region
are imperfectly known; in some directions, at least, it
extended beyond the present limits of the strata. There -
may have been a system of interconnected basins of great
extent.

In" the vicinity of the most northerly 115° fault,
north of Tasiusaq, Poulsen (1958 and 1961) has recorded
very coarse arkosic material which may be reworked fault-
breccia. The abundance of arkosic material in the Maﬁﬁt
Sandstone Unit of the Ilfhaussaq Peninsula and at equiva-
lent horizons in the Igaliko area, indicates depositioen
soon after derivation, implying proximity to the boundary
of the sedimentary basin, Elsewhere, the sediments are
almost exclusively of pure quartz sandstone and it seems
probable that when this material was deposited the source

of supply was more remote.

The basalt-alkaline vuleanism.

As a rule, the extrusion of the basaltic and alkaline

lavas was unaccompanied by éxplesive activity., While this

7 )
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may be partly accounted for by the dry desert conditioens
and consequent lack of ground water, it also indicates

that the volatile content of the lavas cannot have been
excessive; in particular, the volatile co?tent of these
magmas must have been low compared with that of the lampro-
phyric magmas.

It is not known for certain whether the lavas were
e;upted through fissures of from volcanoes of central type.
On the Ilfhausséq Peninsula and in the country to the south,
there is a complete absence of dikes of a composition
comparable to that of the effusive basalts. In these
areas dike intrusion was distinctly later than the building
of the sedimentary and lava sequence, If fissures existed,
they must have been confined to the sites of the present
fjords. The giant dikes of Tugtut®y (Upton, 1962) were in
continuity with the gabbro of Narssaq which was emplaced in
the Gardar Continental Series when the total thickness of
the latter was in excess of 3 km.. The thick gabbro dike
in the upper part of the Ilfﬁaussaq Peninsula is of similar
composition and was probably intruded af the sahe time..

It seems most probable that the lavas were extruded
from one or more shield volcanoes. The central alkaline
complexes of Ilfﬁaussaq, Tugtuteq and Igaliko may have
been emplaced in the sites of the former bgsaltic necks.
The extremely regular stratification of the basaltic lavas,
rarticularly in the ilfﬁaussaq Volecanie Unit, indicates
high fluidity of the magma. The lava cones must have had

a very low profile.



The composition of the olivine basalt remained gquite
constant for a prolonged period and may have survived
several phases of local volcanic Quiescence. The.chemical
composition, charactefised by high alumina and relatively
low elkaline earths, is similar to that found in a number
of major and minor intrusives of early and mid-Gafdar age

Tohen VIl It seems that a basic magma of this

!
£

compogition was characteristic of the Gardar Province.

In the lava sequence of the Ilfﬁaussaq Peninsula,
olivine basalt was eventually succeeded by trachyte and
rhomb-porphyry. The initial investigation of t_he latter
varieties indicates an abrupt change of the magma type
from basic to alkaline, rather than a gradual transition
through mugearite and trachy-andesite (ctr, Tomkeieff,
1937). A comparable change in magma type is manifested
in the minor and major intrusives of South Greenland, in
the former case from basic "Big Feldspar" dikes to dikes
of syenitic composition (cf. Upton, 1962) and in the latter
from gabbro to augite syenite (cf. Ussing, 1912; Upton,
1962, Harry and Pulvertaft, 1963),

The reverse;. i.e. a change 8f magma type from alkaline
to basiec, also occurs, almost at the top of the lava
se@uenqe. Again, comparable examples can be provided
from the intrusive rocks. . In the Narssaq area, the

sequence of magma types is as follows:
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(vii) ‘Alkaline Intrusive Complex.
(vi) Big Feldspar Dikes (Basic).
(v) Alkaline Dikes.

(iv) Gabbroic Sills.

(ii1) Basic Lavas.
(i1) Alkeline Lavas.

(i) Basic Lavas.

Intrusion of (vi) and (v) was virtually contempor-
aneous and composite intrusions of the two magmas are quite
comnon (cf. Upton, 1962, pp. 32-35). At KQgnft, a ring-
dike of gabbro was injected into the alkaline intrusive

complex at a late stage (Upton, 1960).

The abrupt change in magma type from basic te alkaline
finds a parallel in the Oslo Permian Province (Barth, 1954),
buf contrasts with Scottish Carboniferous-Permian Province
where alkaline lavas and lavas transitional between basic
and alksline in composition have a frequency distribution
compatible with derivation from a basic parent magma by

fractional crystallisation (Tomkeieff, 1937).

Go 5



The Lamprophyre-Carbonatite Vulcanism,

Volcanic diatremes with associated intrusive sheéets
of ultramafic rocks have occurred on a regional scale in
many parts of the world at different periods. The tectonic
environment seems always to have been epeirogenic. Well
known examples of this kind of intrusion are to be found
in South Africa, (DuToit, 1954), the Schwabische Alb
(Branca, 1894), Scotland (Tyrrell, 1928), Missouri (Rust,
1937) and Arizona (Williams,_lQSG). A comparable develop~
ment of ultramafic diatremes on a regional. scale occurred
in the country betweeﬂ the head of Tunugdliarfik and the
outer islands south-west of Tugtutﬁq during Gardar times.
The greatest concentration of diatremes is in the country
immediately north of Narssarssuaqg and Qégssiarssuk, where,
in an area of ca, 100 sq. km., the average incidence of
the intrusions is of the order of'one per square kilometre,
The magma associéted with the pipes was a monchiquitic or-
‘alnditic variety in most cases.

In the other regions referred to aboVe, composition
is frequently similar, although feldspathoid-bearing types
are also quite cbmmon. The rocks are often highly carbon-
ated and in some instances there are indications of asso-
clated carbonatite. Tyrrell r_ecords a block of carbona-
tite from the Black Rock vent in Ayrshire (Tyrrell, 1955,
p. 415),

Stratigraphic correlation in a preceding section of

this chapter indicates that the pyroclastic deposits of
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the areas around Ilf%aussaq were probably more or less
synchronous and were laid down during the deposition of
the upper part of the Musartﬁt Unit. It is known that
the diatremes around Qagssiarssuk were active at this time.

Following this phase of intense explosive activity,
there is little record of ultramafic vulcanism .in the
succession. The thin, red, shaly horizon intercalated
in the Naujarssuit Sandstone Unit may be a fine calcareous
tuff and thé flow of monchquite near the top of the
Nunasarnagq Sandstone Unit shows that the magma was still
available and virtually unchanged in composition.

Three tuffisite diatremes pierce the gabbro intrusion
cldse to Narssaq, Although extremely altered, the rock

is identified as a lamprophyric variety.

Provenance of the Magmas.

The Basaltic Magma. The persistence of the basaltic magma

of the Gardaf Province in time and space points to a source
of great lateral extent, in which processes of differentia-
tion‘were not active; the existence of a basaltic substratum
in the region seems to be indicated. The ultimate source
of the basalt was a basaltic crustal layer, or the upper
part of the earth's mantle (ecf. Turner and Verhoogen, 1960,
p. 233), Theére is no record of peridotite nodules in

the Gardar lavas.

The Ultramafic Magmas. There 1s now widéspread agreement
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that the ultimate source of carbonatite.is an ultramafic
magma, rich in volatiles and enriched in P, Ti and various
trace elements, although opinions differ as to the import-
ance of alkalies in this magma (vid. Campbell Smith, 1956;
King and Sutherland, 1960). It is also generally agreed
that this ultramafic magma is derived from the earth's
mantle and that its penetration into the crust 1is mainly
confined to areas of bloeck-faulting and riffing.

The relationships of the ultramafic-silicate and
carbonatite rocks of Qagssiarssuk to each other are not
wholly clear, but their provenance can be quite well account-
ed for in terms of the hypothesis of Holmes (1950), Holmes
allows that the liquid carbonatite fundamental to the
development of the potassic, ultramafic silicate ro_gcks of
W. Uganda may originally have been associated with perido-
tite (op., eit., p. 790),

There is some Justification for regarding the monch_i-
quite of the Ilfﬁaussaq fegion as a magma of parental status.
Conceivably, prolonged differentiation of a body df this
magma at depth could lead to a segregation of carbonatite
in the upper part. Further differentiation, hybridisa-
tion, contamination and metasomatic processes could then
account for the varied suite of rock types. Von Eckermann

(1961) outlines such a process, applied to the Alnd éomplex.

The Alkaline Magma, The alkaline lavas and dikes of the

s
Ilimaussaq region are undoubtedly genetically related to the
alkaline intrusive complexes, A very close resemblance

has been noted between the rhomb-porphyry flows, the
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porphyritic syenite dikes and a porphyritiec marginal facies
of one of the syenites of the Narssaq Intrusive CompleX.

(Author's unpublished results).

Conclusion.

While it is not possible to correlate periods of
volcanic activity in the earlier Gardar of the.Il{ﬁaussaq'
region with particular phases of fault movement, it is
none the less likely that a close relationship exists
between tectonism and wvulcanicity.

Occurrences of olivine basalt magma and magmas of
lamprophyric and carbonatitic affinities in epeirogenic
regions seem generally to be separated in time and space.
An exception occurs in the Rungwe volcanic province of
southern Tanganyika, where Harkin suggests that contamina-
tion of olivine basalt magma by a concealed carbonatite
complex is responsible for a suite of highly alkaline basie
lavas., (Harkin, 1960).

In the Ilfﬁaussaq region, magmas of the two contrast-
ing types were available for a prolonged period and at
times were erupted almost simultaneously. Despite the
closest association in space and time, the two magmas
appear to have remained gquite independent of one another.

The results of the present work, teken with the recent
description of a tarbonatite-alkaline intrusive complex at
Gr¢hnedal—fka (Emeleus, 1964), suggest that it is time that
the origin of' the South Greenland intrusive complexes was

reappraised in terms of a possible genetic connection with



carbonatite. Further comparisons of the Gardar Province
with the alkaline provinces of southern and eastern Africa

could profitably be made,



Appendix I

X-ray investigation of alkali feldspars,

Preperation of sample. A few ccs. of materiasl were crushed

to finer than 120 mesh/inch in a "Spex" mixer-mill and
thoroughly washed in dilute HCl to reméve carbonate. The

powder was then dried and packed into cavity mounts.

Instrumentation. The instrument used was a Philips X-ray
diffractometer with geﬁerator PW 1010 and goniometer PW
10860, CuKX radiation was used and the tube was run at
40 kV, 20 mA, A discriminator and linear amplifier were

also employed.

Procedure. Following preliminary reconnaissance diffrac-
tometer traces at %O/Minute scanning speed, the 290-320
20 portion was selected as most informative and rescanned
systematically for each specimen at conditions of maximum
resolution, viz: scamning speed §9/minute; slits 10:1/10:
19: rate meter 2; time constant 8 X 1; chart speed 400 mm,
per hour,

For qualitative work the sample was oscillated from
299 to 32° and back again, Where measurements were

required two oscillations were made.

Recognition of Phasges.

The feldspar of these rocks occurs as three prineipal

Phases, present in various quantities and combinationsg



(i) Plagioclase (mainly albite) eeee.... triclinic.

(ii) MiCrOC:Line ® ¢ & 00 0 0008 et QR OGP E OGP SIQTaUOcS triClinic.

(iii) Orthoclase ® 0 0 85 0 09 08 0 09 008 PO QGO9S e monoclinic.

. The peaks wefe indexed against well-documented ex~
amples of triclinic sodic feldspar and monoclinic and
triclinic potash feldspar, viz: Microcline: Goldsmiilh
and Laves, 1964 (converted for Culyradiation) Sanidine
(artificial): Donnay and Donnay, 1952. Low Albite
(Amelia): Smith 1956,

Where more than one phase co-exists in the feldspar
of the rock, some of the reflections may be so close
together that the peaks on the diffractometer trace inter-
fere with one another. This is particularly the case in
the central part of the range where strong reflections
tend to be concentrated. The (131) peak of microcline,
the (13%L) of orthoclase and the (131) and (022) of albite
tend to be relatively frée ff interference and are most
suitable for identification, Where orthoclase and micro-
cline are both present, one in very limited quantity, the
small (131) peak tends to coalesce with the large (131)
peak of the more abundant constituent.

An epproximate assessment of the relative abundance
of co-existing phases might be made by comparison with a
series of rocks in whieh the characteristic peak intensities
are correlated with modal estimates from thin sections.
The limited material available in the present case pre-

cludes any systematic development of this technigque and only
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the extremes of relative abundance are recognised.

Meagurement of Obliquity.

Determination of the obliquity of thé microcline is
complicated by the presence of a congiderable quantity of
the albitic phase. The (130) - (130) and (181) - (131)
doublets usually employed.for this measurement are partly
obscured by albite ﬁeaks. Although the (151) mierocline
peak is strongly affected by the (131) albite peak, the
(131) microcline peask is often free from interference,
While the separation of the (131) - (131) doublet is
unobtainable, en alternative measure of obliquity can be
found by measur_ing the movement of the (131) microcline
veak relative to some fixed datum positiozn. Parsons
(1963), investigating the microcline qf perthitic feldspars
from Loch Ailsh, found that the position of the (022) albite
peak was essentially constant in about eighty specimens;
it appears to be equally stable in the specimens considered
in the present study, Parsons also shows that the move-
ment of each of the peaks of the microcline doublet bears
a simple linear relationship to the change in obliquity.

In the present instance, the highest obliquity will be found
in thjﬁicrocline with the greatest (131) microcline --{022)
albite separaﬁion, this property is referred to aszﬁf

in the present work. The maximum (131) microcline --(022)
albite separation found in these rocks is 1.07°, It is
interesting to note that the maximum separation found in

Q
the Loch Ailsh rocks (op. cit.) is 1.08 and that the mineral
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in question is believed to be close to "maximum" micro-

c_line.

Al
List of specimens investigated in study of
potash feldspathisation

Specimen Locality Mode of
No. Occurrence
61870 8 km. north of Narssarssuaq Exfoliation shell

in granite

61608 Qordlortog R. at 80 m, Inclusion in sheet
of nodular uncom-
pahgrite (Fig.5.2)

61631 Umiussat Inclusion in nodu-
lar lampprophyric
breccia.

61632 " Country rock adja-
- cent to abowve
intrusion.

61614 3« 5 km, west of Isolated area of
Qagssiarssuk brecciated felds-
pathised granite.

61615 Large diatreme north of Large foliated
Qagssiarssuk. gneiss block,brec-
clated, ankerite-
veined,

61616 " " " " Small inclusion in
: tuffisi_te.

61617 " " " " Wall rock, intense-~
: - : ly brecciated,

ézfq. ‘




APPENDIX II

X-ray investigation of the carbonates,

Preparation and instrumentation are the same as in
Appendix I, except that the acid-wash is omitted. Ins tru-
ment settings were the same with‘the following exceptions:
scanning speed 1°/minute, rate-meter 2,

Earlier roﬁtine X-ray diffraction traces showed that
many of the rocks contained some quartz. Since quartz
was chosen as a suitable internal standard, a.little finely
crushed quartz was added to the quartz-free specimens, prior
to mounting, The specimens were oscillated twice beteen
26o and 32° and the location of the carbonate peaks found

by measurement from the quartz (10l) peak which appears at

26, 66° 20,
APPENDIX IIT

X~-ray analysis for trace elements,

The method used was similar to that described by Hirst
in a recent paper (Hirst and Dunham, 1963), A Philips
vacuum X-ray spectrograph was employed with a topaz analys-
ing crystal, The instrument was used with air-path and
scintillation counter since the elements under considera-
tion have high to medium atomic number.

Specimen 61682 was used as a matrix for the standards,
since preliminary chart recordings showed that it contained
relatively low amounts of the trace elements concerned.
Precision was checked by running a series of replicates for

each element in one of the samples and repnoduceability
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was found to be satisfactory. Since comparable material
with known trace element concentrations was not available,
the absolute accuracy of the met_hod could not be checked.
However, this method has heen used extensively in this
Department and its limitations are fairly well known. The
accuraay of 61682 is probably very high; that of the other
analysed specimens will be more or less accurate, depending
on the extent to which the major element composition @&iffers
from that of 61682,

61740 is essentially a limestone énd its major element
constitution contrasts markedly with that of 61682, Mr. C.
Rowley of this Department, who was determining trace ele-
ments of sedimentary limestone by the same method, kindly
included 61740 in his schedule, The results, taken from
working curves based on standards prepared from a calcitic
sedimentary limestone, were comparable to those obtained

by the author.
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