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flying away from a properly organized base difficult and not a little
dangerous. However, during the course of the Expedition, several
large Lakes were discovered, one on Angmagssalik Island, and the
other at the head of an un-named fjord in Lat. about 66°, Both of
these are quite large enough for the largest type of commercial flying
boat or sea-plane at present in use, and owing to the fact that they
are ice free, should make ideal Bases. There was no fog, and no
strong winds during the summer.

During the winter the most serious problem we had to contend
with was the very large number of Fohn gales. The actual trouble
was chiefly due to the fact that we were quite unprepared for them.
We found that they were very local in their effect, and | consider
that, given two fairly well separated bases, efficient meteorological
organization, and wireless to communicate with aircraft while in
flight, this difficulty could easily be overcome. Apart from these
gales, the weather conditions are quite suitable. Again, the Fjords
are not suitable for Bases as, in the event of the freeze up taking
place during a period of on shore winds, the surface might freeze up
when the fjord was full of pack ice so that it would be too rough for
flying all the winter. This difficulty would not be present if the lakes
already mentioned were used as bases. If the cockpits and cabins of
aircraft are efficiently heated, no trouble should be experienced from
cold.

The only really serious drawback to an air route over Greenland
is the long period when no flying could take place from the coast
due to the sea freezing over during the Autumn, and the ice breaking
up again during the spring. During the years 1930--31 we were unable
to fly from 15.9.30 till 19.12.30 and again from 19.5.31 till 20.6.31.
These times would have been less if we had been operating from
a lake, and the difficulty would have been overcome if we had had
a flying base on the edge of the lce Cap.

The total amount of flying done during the course of the Expedition
was, 72 flights totalling 79 hours 05 mins.

Preliminary Account of the Geology and Geomor-
phology of the Angmagssalik District and the
Coast Northwards to Kangerdlugsuak Fjord.

L. R. Wager.

The few geological specimens which had previously been collected
from this area had suggested that the only rocks were Archaean
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gneisses cut here and there by later dolerite dikes!). Perhaps this,
combined with the especial attractiveness to the Geologist of the
district immediately to the north, is the reason for the neglect of this
area. During the British Arctic Air-Route Expedition, the complexities
of the Archaean rocks were to some extent unravelled, but the main
interest lay in the discovery, in the northern part of the area, of a
phase of Tertiary igneous activity comparable with that of Northern
Ireland and Western Scotland.

Rocks of Archaean type will here be named the Metamorphic Com-
plex since their actual pre-Cambrian age cannot be proved. They
consist mainly of igneous gneisses of moderately acid composition
which include about 20 9% of basic material, now amphibolite show-
ing various degrees of viscous flow. In the Angmagssalik district
there is an extensive development of enstatite-rich basic and ultra
hasic igneous rocks which, like the amphibolites, are earlier than the
dominant acid gneiss. Mt. Forel and neighbouring peaks consist of
an enstatite granite. Apparently there is here a suite of early igneous
rocks comparable with the Charnockite Series of Southern India.

Caught up in the prevailing acid gneiss, extensive areas of meta-
morphosed sediments were found. The pelitic sediments are now
garnet, sillimanite or kyanite, schists, often with albite porphyro-
blasts. Metamorphosed limestones and quartzites also occur. The
sediments are sometimes intruded by garnet amphibolite, and are
often intimately injected by acid gneiss, There is no evidence for the
age of this sedimentary series except that it is earlier than the igneous
gneisses which form over 90 9% of the rocks on the stretch of coast
examined.

The strike of Metamorphic Complex is variable but on the whole
W.IN.W.—E.S.E. and comparable, therefore, with the Lewisian
Gneiss and the Connemara Schists of the British Isles. The direction
of strike suggests that the rocks were not involved in the Caledonian
folding which has affected much of N.E. Greenland. A Tectonic line
of significance is believed to run along Kangerdlugsuatsiak Fjord as
all the rocks of the Metamorphic Complex are here highly granulitised.

Two types of Early Intrusion were found which cut the Metamor-
phic Complex, and yet which are believed to be pre-Tertiary in age.
The first type, taking the form of amphibolite sheets, cutting trans-
gressively across the structures of the Metamorphic Complex, occurs
in the north of the Angmagssalik District. These sheets represent

1y Tarnebohm, A. E.: Geolog. Foren. i Stockholm Forh., VII, 1886, Knutsen,
H. and P. Eberlin: M. 0. IX 1880, Nordenskitld, O.: M. 0. G. XXVII, 1900,
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early dolerite material, post-Metamorphic Complex in age, but still
old enough to have been altered to amphibolite. The second type of
Early Intrusions found on, and near, Angmagssalik Is. consists of un-
foliated gabbros, diorites and pink granite. These rocks are not drusy
like the Tertiary plutonic intrusions, and at present they are also
regarded as pre-Tertiary in age.

Except for dolerite dikes the Tertiary igneous activity was con-
fined to the district N. of Steenstrups Bra. The first important epi-
sode was the extrusion of basaltic lavas. On Cape G. Holm they are
intercalated with a thin series of sediments in- which were found
the most southerly fossils yet known from Greenland. The fossils
are poorly preserved owing to thermal metamorphism of the impure
limestone by the abundant dikes, but Professor H. L. Hawkins, who
has examined them, would compare most of them to Cyrena gravesii,
Deshayes while one is an undoubted Glycimeris. The limestone con-
taining them is therefore to be ascribed to the Tertiary and to be
compared with Ravn's Cyrena bed from Cape Dalton?). Further N,
only small relics of sediment were found, the lavas there overlying a
series from 00—90 m, thick of tuffs which were accumulated in
water. In the Kangerdlugsuak area the lower lavas are spilites and
the upper lavas were not reached. Intruded into the lavas and into
the underlying Metamorphic Complex, but mainly along the junction
of the two, is an extensive series of plutonic rocks which are best
developed in the Kangerdlugsuak, Nualik, Kilianek and Cape G. Holm
areas. These rocks vary from ultrabasic to acid and include types
not yet described from among Tertiary plutonic rocks of the N. At-
lantic region. Subsequent, in the main, to the lavas and plutonic
intrusions, there was a final phase of dike injection. Just S. of Cape,
G. Holm, about Aggas Is., and elsewhere the dike material is twice
as abundant as the Metamorphic Complex into which it is intruded.
The dikes run N.N.E.—S8.S.W. and hade to the E.S.E. at angles from
10°—30°, They represent a general state of tension which is regarded
as having effectively contributed to the extension of the N. Atlantic.

Geomorphology.

The ceastal mountains from Kangerdlugsuak to the Angmagssalik
District have been cut from a raised peneplain which slopes S.5.E.
or S.E. The dip of this peneplain seems to be due to a continuation
of the movements which gave a high south-easterly dip to the sedi-
ments, tuffs and lavas in the northern part of the district. The pene-

2) Ravn, J. P. J.: M. O, G, XXIV, pp. 95—140, 1904,
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plain, however, passes without modification from the Metamorphic
Complex across the region of Tertiary Intrusions, on to the basalts,
proving that it is later than the Tertiary igneous activity of the region.
In places the peneplain undergoes abrupt changes of level due to
faulting. Thus the “New Mountains”, photographed from the air, to
the N. of Kangerdlugsuak (plate 3, fig. 5), are probably due to faulting
along a line which is a continuation of one established by Dr. Lauge
Koch#) further north.

The main fjords, if we neglect Sermilik, which I believe has had
a more complicated history, are cut down the steepest slope of the
raised penecplain, and seem to have been but little modified by direc-
tional structures in the solid rocks. There are also valleys and fjords,
e. g. Angmagssalik Fjord, which have a NNE—5.W. direction parallel
to the Tertiary dikes and the main trend of the coast. These can
often be seen to be cut along Tertiary dikes, but some are probably due
to faulting in the same direction. The general direction of the coast
line, the direction of most of the valleys and fjords, and the general
height of the land seem to be controlled by the uplift and tilting of
a peneplain and this crustal movement would seem to be closely
related to the preceding, Tertiary, tectonic and magmatic activity.

The shape of individual mountains and valleys depends mainly on
the ice cap and its former extent. S.W. of Sermilik the lowish moun-
tains have recently been completely overridden by the inland ice
which has modified them to uninteresting rounded forms. From Sermi-
lik to Kangerdlugsuak the coastal belt consists of mountains of spiky
Alpine form. There is no evidence that the ice cap has ever covered
the spiky mountains but, at several places, it comes down as broad
streams through them. Here it is clear that there has been a recent
shrinking of the ice cap tongues which corresponds to the recent
uncovering of extensive tracts of lower country S.W. of Sermilik.
This shrinking of the ice cap was apparently abrupt as there is little
or no moraine material left on the uncovered surface, while round
the present margin of the inland ice there is quite extensive develop-
ment of moraine. There has been a slight shrinking of tongues from
the ice cap which has exposed surfaces not yet colonised by juniper
and crowberry.

In the neighbourhood of Forel the ice cap can be seen to be covering
a slightly modified peneplain at about 3360 m, and here the develop-
ment of high mountain at the edge of an ice sheet was studied. The
conditions of erosion were these of a wind-swept, largely glacier-

3) Koch, L.: M. O. G. LXXINZ2 1624,
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covered desert. Thus on surfaces of the prevailing enstatite granite,
tufts of carbonates from the decomposition of the ferro-magnesium
minerals were scattered sporadically.

There is a feeble development of a raised plane of marine erosion
off Cape Dan Island but this was not noted elsewhere. In the fjords,
north of Angmagssalik Is., the present streams have built up deltas
some 30 m above present sea level.

The meteorological data which the Expedition collected has a
bearing on the problem of the maintenance of ice sheets. Hobbs and
others have stressed the importance of outflowing winds in remowing
snow from the ice cap. Although quantitative data are lacking we
have now had experience of the weather on the ice cap throughout
a whole year. Precipitation is surprisingly small and rough calcula-
tions which have been made suggest that probably in 1930—1931
the accumulation of snow was insignificant. Perhaps this is usual.
The movement of the ice which is small at the edge must inwards
become rapidly negligible, and hence the geological work accom-
plished, except over very long periods and near the margin, must be
correspondingly slight.

I wish to thank the Council of Reading University for giving me
a year's leave of absence, the Royal Society and the Cambridge Uni-
versity Wurtz Fund for grants, and especially Mr. H. G. Watkins, the
leader of the Expedition, for always affording me every possible
facility for carrying out geological work.

RESUME
WatkinssEkspeditionen 1930—31.

Formaalef med ,,The Brifish Arclic Air Roule Expedition”™ par of un-
tlersoge Mulighederne for en Lufirute mellem England og Canade via
Farraerne, Istand, Gronland, Baffin Bugl, Baffin Land og Hudson Bugl.

Fordelen ved denne Rule § Semmenligning med Ruten over Atlanter-
havel er, ol man undgoar den lange og furlige Flyoning over Hav, sam-
tidig med al Ruten over Gromdond er Korlere, da den praktisk lall folger
Storcirklen gennem Skoland og Winnipeg.

Rutens daarligst Kendle Del var Ost- oy Midl-Gronland og ud fra en
Basix paa den gronlandske Kygst Vest for Angmagssalib-Qlen udfortes for-
skellige Rejser:

' Rejse: Angmagssalik-Kungerdiugsuak § Sommeren 1930, Kysilinien blev

opmaall fra en Flyvebaad, og der blev lugel Luftfotografier af
det isfrie Land. Man opdagede en hoj Bjerghkade lige Nord for
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Kangerdlugsuak The New Mounfains". Desuden gennemfaries
en ombyggelig geologisk og ornithologisk Undersogelse af Kiysi-
landed.

2" Rejse: Seplember—Qktober 1930 pon Indlandsisen. Der wdfories Hojde-
muwlinger og meleorologiske (hservationer,

=13

Rejse: Et Forseg paa § del Hdlige Foraar 1931 of naa Kangerdlugsaok
mistykkedes pou Grund af ondt Vejr.

4" Rejse: Til Mount Forel-Omraadef | Faruaret 1931, Beslemmelse af Hoj-
den for Mannt Forel, geologisice og lopografiske Studier.

Rejse; Twrwrs over Indlundsizen fra Busis H Toiginl; Juli 1931, Hoejde-
maaling og meleorologisk Arbejde.

&' Rejse: Tvaers over Indlundsisen fro Bosis il Holsteinsborg, Somie-
ren 1931, Hojdemaaling og meteorologisk Arbejde, Eskimoiske
Kujakker blev fort fvwrs over Indlundsisen, soaledes af Della-
gerne kunde blive § Stand il fra Isranden ad Sovejen (ca. 20
miles) of naa frem il Kolonien,

7' Rejse: Fra Basts rund! om Syd-@sikysten (1 Julinnehaob. Detailleref
Karflwegning Hl Umivik, Rejsen blev wdforl § to 18 Fods Baade
med Pachengsmolorer. Da der imidlertid maatle fores Braend-
selsolie med for hele Rejsen, kunde man kun medfore yderlig
{idt Proviant, og i Stedel medioges saa Kajukker oy Harpuner;
det Iykkedes pag denne Maade al forsyne Rejsedellagerne med
Swlkod under hele Rejsen,

Der Mep desnden wdfort en omhyageliy lopografisk Oplagelse of Om-
roaadel omkring Busis og den sydlige Del of Sermililfjorden, og der blep
genttemforl en Rwklke videnskabelige Arbejder of anden Arl; oppe paa
den hojesle Del uf Indlundsisen blev der opretietl en Stalion, paa hvilken

.

der vdforles meteorologiske Arbejder { 7 Mauneder, Ekspedifionen be-
stod aof 14 Mand,

Udrustning., De daglige Madralioner var beregnel megel omhyg-
geligl { Forvejen, og der var lagl megen Omhu { af bringe Vwglen af Foden
ned {il el Minimum, Provianisammensginingen afveg poo el vaesentligh
Punkt fra den swdvanliy unvendie, idel den duglige Ration of Kulhydral
var mindre, medens Fediralionen i Form of Margurine var vesenilig
sterre., Der var sergel for al tilfore el belydeligt Kvantum vilaminrig
Fode, Pau Kysirejser ernwrede Ekspeditionen sig prakiisk tull of Selked,
og efter | en Uges Tid eller saa of have level af Selkod huvde Dellogerne
wennel sig § den Grad derlil, al sua ol sige ethver! Savn of civiliserel
Kost forspandi,

Korftlwgningsarbejdet falder i 3 Hovedgrupper:

1) Kysilinie-Forlebel fro Kongerdlugsuok 1l Umivik,

2) Korlleggelse af Kysthjergene,

3) Bestemmelse af Indlundsisens Form.

1) Kystopmaalingen foreyik poa Grundiay of de allerede eksisterende

Kort, udferl of Gustar Holm og G. C. Amdrup, og omfatiede Egne fra
Hangerdlugsuak 68° 02' n. Br. tit Umivik 65° n. Br,
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2) Korllwggelsen of Kystbjergene skele for storste Delen ved Hjislp
af Flyvefolografier ag bekraeflede, af det hidlidige Kendskab il Gransen
mellem Indiundsis og Kysthjerge er overordentlig mangelfuld,

3} Muamtingerne af Indlandsisens Hojdeforhold har givel meget inter-
essante Resunllaler. Nord for Jdee Cup Stafion” hwver Overfladen sig til
meesten 10000 feet (3000 m) | Egnen omkring den tyske Stulion Eis-
mille", Omkring Jee Cap Station” er Hojden omirent 8000 feet (2400 m),
men lwngere Spd poa stiger Hojden igen. Pog Shederejsen Angmagssalil
—Ivigtal maaltes op HI 9200 feel (2800 m). Disse Tagllagelser sfemie godt
med den af de Quervain oy Louge Koch fremsalle Anskuelse, al der gaar
en Lavning fvwers over Indlundsisen ved 65°—067° n. Br., oy «f de hojeste
Dele of Indlandsisen skalde ligge paa en Linie noget (st for den Nord—
Sud gauende Akse, Imidiertid viser Hojdemaalinger, ndfort af Sledepar-
fiet Uil Hulsteinsbory, at de storste Hojder paa denne Linie Hgger adskil-
ligl vestligere og gaar op 1 9000 feet (2700 m). Hojdeaksen foar saaledes
el buglel Forlob, fra 71°—670 n. Br. ligger den noget (st for Midilinien,
derefter gaar den { en Bue mod Vest og fortswller endelig mod Syd en
fille Sirale @st for Midilinien.

fidbandsisens Overflude er svagl bolgel, idet der findes nogle 3—34
mifles brede Rygae med en Hojde af 3—400 feet foa. 00 m), Forlobel of
disse Rygoe g Dule er megel vanshelig af Destemme vy synes (hke at
have nogen Sammenhseng med Isens Beviegelsesretning, [ en Zone poa
omlrent 60 mites § Midten uf Indlandsisen er disse Bolger meget svagl
ndviklede, og Cverfloden er nwsfen hell flad. Indlandsisens Overflade
skraaner stejlere mod Qst end mod Vest med def Resultal, of Spallezonen
er smallere mod Qsi, hvor den, borlsel fra saerlige Lokalileler, sausom
Landel bag ved Sermilik Fjorden ikke er mere end 13 miles bred, me-
dens der mod Vest findes Spaller {ndtil 70—100 miles fra Randen.

Denne Forskel giver sig agsaa [l Kende ved Mangden af Overflude-
viand om Sommeren, I den osflige Rundzone donner Smellevandet kun
smualle Render, der nu og da sumder sig § Seer, men | den vestlige Rond-
zone fundtes hele Floder of Smellepand 40—350 feet brede og §+—35 feel
dybe [ en Afstand of 25 miles fra Rundbjeryene,

Flgoningerne. Forste Sommers Flyvearbejde bestod { «l lage
Korflegnings-Folografier fra Angmogssolik O 11 Kangerdlugsuok Fjord
st al fureluge forskellige Rekognosceringer. Fra 3. Aug. 30—70. Sepl.
30 udfortes 23 Flyvninger pua filsammen 32 Timer og I3 Minuller. Paa
Grund af ekstraordinwrf gode Belingelser blev nwsten hele del planlagfe
Arbejde udfort ullerede § 1930,

Fiyve-Programmel for Vinteren 193031 var ikke endeliy fostlagl, for
Ekspeditionen fourlod Englend, da mun ikke paa Forhaand kunde pide
nogel sikkert om Belingelserne for Flyvning over ronland pac denne
Aarsiid, et Forhold, som maatte biive of afgorende Belydning for Elable-
ringen of en fust Heloarsrute. Man havde pualenkt al forsege al flyve
tit Winnipeg § det lidlige Foraar, men Belingelserne var langl daarligere
end venlel, oy delle Forehavende maatle opgives. I Lobetl of Vinleren
gennemfortes 49 Flyvninger paa (lsammen #6 Timer og 50 Minuller.

De Erfaringer, man har gjort angaaende Flyvning, er § Korthed fol-
gende: Sommeren igennem var Vejrel smukt oy Betingelserne for Flyuo-
ning ypperlige. De slore Mengder Havis vanskeliggor imidlertid Star-
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len, men Ekspeditionen opdagede el Par Soer, som var sfore nok for de
storste Trafik-Flyvebaade, og som § den isfri Tid vilde afgive en udmer-
kel Basis. Der var ingen Touge og ingen stwrke Vinde om Sommeren.

Den storsle Vanskelighed | Virderen 1930—31 par det megel sfore
Anted Fohn-Storme. e disse imidleriid synes al vaere rent lokale, kunde
denne Vanskelighed overvindes ved Anlwggelsen of to Busis-Stofioner i
betydelig Afstund fra hinanden og ved en velorganisere! meleorologisk
Tieneste med Rodio-Stutioner il Underrelning for de | Luaffen pwrende
Maskiner, Rortsel fra disse Slorme var Vejrforholdene brugelige. Fjior-
dene er imidlertid ikke anvendelige som Busis; hvis nemlig Tilfrysningen
finder Sted under Paglandsvind, vil Overfladen ved Pakisens Scmien-
frysning blive alffor wjevn. Den Vanskelighed vilde mon andgar ved af
bruge de for omiballe Soer som Busis.

Den eneste virkelig alvortige Hindring for en Luft-Rute over Gron-
fand er de Perioder { Foroar og Efteraur, hoor Tilfrysning og Opbrygd-
ning finder Sted; disse Perioder vil dog forkortes nogel ved Anvendelsen
tf Seer som Busis, oy ved Anlweggelsen af en Buasis ved Ronden af Ined-
lundsisen vilde man hell nndgae dem.

Geolog! og Geomorfologi § Angmagssalilk-0mraa-
del og | Kpstlandel mod Nord (il Kangerdingsnak
Fiord.

Tidtigere Undersogelser {ydede pue, ul der § delle Omrande kun findes
urkaiske  Dannelser (Gnejs), hist og her med yngre doleritiske Gonge.
Det har nu vist sig, al den nordlige Del of detfe hidtil ldet kendte Gebel
har weerel Skuepladsen for en lerliwr valkansk Virksomhed ligesom del
nordlige Irland og def vestlige Skotland.

De gamle Dannelser stryger VNV —0.5.0. og synes ikke of have del-
teegel § den Raledoniske Foldning.

Den tertiwre Vulkanisine er begreensel Ul Landet Nord for Steenstrup
Brwe. Ved Kap Gustavr Holm fondles tynde forsteningsforende Lag mel-
lem basaltiske Lavastremme, som maoa henfores fil Terfier og sammen-
stilles med Ravns Cyrena-Lag fra Kap Dallon,

Kystbjergene fra Kangerdlugsuak H Angmagssolik er blevel skoarel
ud § en hwevetl Peneplan, som skraaner mod 5.5.0. eller 5.00. Denne Pene-
plan er yngre end den lerfiwre Vulkanisme og er visse Steder gennem-
sal af Spring. Sawledes er f. Eks, .. De ny Bjerge” Nord for Kangerdluzgsuak
sandsynligeis dannede lungs en Brudlinie, der danner en Fortsaitelse af
den af Lauge Koch laengere Nord poa fundne Brudzone.
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Explanation of plates.

Fig. 1. The Base Fjord.
Busis-Fiocden V. for Angmoagssalfik,

Fig., 2 Inland Tee Station and tents of reliel parly.
Stationen pae Tedlondsisen (Courtowldy oy Undsiefnings-Ioldets Telle.

FFig. 4. Mount Forel

Fig. 4. Storm coming from Inland Iee, Nobice he sea is still calm.
Starm (Fahny fra tndfondsisen strpger ned oper Bjergloppene. Soen oer
endmit rolig.

Fig., . The “New Mountains™ north of kangerdlugsuak seen from the air, mark
an ahrupt change in the level of the peneplain due probably to faulting along
a ogeneral Ko Mo Koo850 50 W, line. The forcground mountains, about 12200 m
high, are mainly cut feom Tertiary basalts, The “New Mountains™ are probably
mile of the rocks of the Metamorphic Complex, and their height is doubtful
but is likely to be in the neighbourhood of 3000 m.
Ie Ny Bierge” Nord for Rangesdlvgsual niser en beal OQveegang § Hajidefor-
hetdene, der rimeligeis skypldes Brod fongs en NN 050 8.0 V. gacende Linde.
Forgrundens Bjerge er hovedsageliy wdformed § lerliwre Hasaller. [ Ny
Hierge” bestuar sundsynligeis of Bjergarfer lithorende e Melamoerphic Com-
plex”, wg deres Hojde er onfoge i ca. 3000 o1,

Fig. 6. The head of Kangerdlugsuak Fjord.

Fig. 7. Umivik Island. Between Pikivtdlel and Umivik there is an island 440
miles Jong, which was shown as the coast-line on the map, but we found that
it is separate from the mainland, and has two iee caps of its own.
Mellem Pikintdtek og Uminik er der en 6 030 miles lang), som poaa Kortel par
afsat som Kystlinie, Vi fandf, af den er wedshilt fra Fastlundel, oq al den bwerer
to selvstoendige Isdwkker.



