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1. 

Brief history of -Spitsbergen and Prince Charles 

Foreland. 

Prince Charles Foreland is the most, weaterly of the 

large islands of the 3pitsbergen archipelago. It lies 

765 miles from the pole in longitude 110E. It was first 

seen in June, 36, when Spitsbergen was discovered by a 

Dutch expedition searching for a North-east passage. 	In 

the map later produced by the pilot of this party, ailltaat 

Barents, Prince Charles Foreland is marked as a peninsula. 

For its first appearance on the charts as an island it was 

to wait until 1612. 

soon after the discovery of Spitsbergen, reports that 

whale, seal and walrus were to be found in large numbers in 

the coastal waters, resulted in Vigorous exploitation by 

large fleets of whaling ships from England, Holland and • 

other countries. 	It was in the very early part of this 

period of Spitsbergen's history that the Foreland got its 

name, or rather its association with Prince Charles adward 

Stewart, later Charles I of Gt.13ritain and Ireland. 

Robert Fotherby in his "Narrative of a Voyage to Spitsbergen 

in 15r" refers to it as "Prince Charles his Island". 

The Dutch at this time called it the Isle of aijn, after a 

cargo-master who "tried to cliab a high hill on Lila island, 

fell, and broke his neck". 	These alternative names vied • 
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with one another and a host of rivals ('t Lang 41andt, 

t'voer landt, l.Caroli and °skiers) for a hundred jears or 

more, but by the eighteenth century iijrince charles 	 

or 'Foreland' was more or less established. 

The initial activity hacilsy them elthausted itself. 

The fishery was impoverished and abandoned. All that re-

mained were the ruins of the shore settlesents, where the 

various whaling operations had been carried out, and the 

scattered crosses that dot the coasts - witness to wally grim 

stories of whale boats wrecked in these waters, and the 

failure of their crews to survive on shore. 	In the northern- 

most 12 miles of the Foreland alone, there are nearly_20 graves., 

Spitsbergen was then left alone. For over a hundred 

years almost the only visitors were iusaian trappers. Not 

until the middle of the nineteenth century did the real work 

of exploration of the archipelago begin, though some maps had 

been produced earlier, almost entirely by parties tawarted in 

attempts to resell the 	pole. 	it was actually on Parry's 

1827 expedition, when an attempt was mace to sledge to the 

pole over the pack ice from the north 'coast of Spitsbergen, 

that an anchorage was named 'decla Cove' after the expedition 

vessel 	Nordenskjold later called a mountain 

SL of the harbour "Hecla Aook° and the name came into general 

usage for the whole of the pre-Devonian rociss of. Spitsbergen 

the Hecia Hoek Formation. 



3. 

Scientific work began about a hunured years ago. -Since 

then expeditions have been made to these regions more or less 

regularly, from various countries in iurope, more eeeecially 

eiweden, Norw y and Britain. The west coast of Spitsbereen 

was well enowe by the latter part of last century, and some 

tourist boats had even visited lie Fjord. Nordenskiold had 

in 1893 sledged across the ice-cap of N.L. Land; but virtuelly 

nothing was known of the interior of Spitsbergen when ;.;ir 

thartin Conway crossed the island from 	to $e in 16e6, with 

the geologists Garwood and Gregory. 	In 1897 Conway penetrate 
&Re.e,4 

ed into the eorth-eastern part of the ceuntryOillefjoreen. 
Perhaps because of its rather forbidding aspect Prince Charles 

Foreland was still untouched until, in the three summers of 

1906, 1907 and 1909, the Scottish explorer Dr. ,e.S. Bruce 

carried out a survey of the islend and produced the first 

detailed map ever published of any large area within the 

polar regions. 	Some of erece's wore, and that of the 

weeian, Gunnar leachsen, was made with the very densinerable 

backing of 11.3.e. efte .leince of ieonaco, who financed and 

himself carried out a nue4ber of expeditions in his yacht, 

which resulted in an admirable series of monographs covering 

a variety of subjects. Perhapo this represents the 'golden 

age' in Spitsbergen exploration. 	Royal patronage has now 

ceased, and it is more difficult for modern expeditions to 

raise funds. 

By the end of the first world war general exploration 
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was complete : the coast was familiar and the interiors of 

most of the islands had been traversed anti described in a 

series of narrative accounts. 	Luring the last a) years ex- 

ploration has therefore been increasinely concentrated on 

more specialised problems. One no longer has the chance to 

be the first to visit and explore any-  major region of Spits-

bergen but has to be content with the more intricate work of 

detailed investigation, and the challenge of the unaimbed 

peaks. 

• Present-day C2nditioag. 

No nation had sovereign rights in Spitsbergen until 

1925. 	Early claims by England, dolland and Denmark were 

never followed up, and in 1920 a treaty was signed in zaris 

under which Spitsbergen, Kvitoya, Kong Karls Land)  do)en 

and Bjornoya (Bear Island) were awarded to Norway whose con-

trol began five years later. This Arctic province of 

Norway, between 740 and 810N, and between 100 and 360E, is 

termed Svalbard and has a total land area of 24,375 square 
ehree qu4RWes 

miles, that is about ''./‘ of the area of Ireland. 

The modern economic development of Spitsbergen is a 

result of the pioneering of several countries during the 

early part of this century, when for the first time since 

its discovery 300 years before, coal was mthee. 	At 	- 
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present onLy i,orwegian and us3ian Companies work the cosq., 

though a British Company has recen1y renewed its mining 

rights in the region around 3illefjorden. In 19,0 the 

Norweinns were working only the two mines at Longyearbien 

Adventijorden, where the winter population numbers about 

1,000. 	The nines at i Alesund (King's 13ay) has ceased 

active production as c result of an evloSi041. curing the 

winter of 1E3524, but about 60 men were keeping the pumps 

in order and working on general maintenance. Sveagruya - 

the olc Swedish mine at the head of iAalsand - Van i.iijenf- 

jorden, which was brought by the Norwegians in 	is now 

abandoned. 	The icassian mines nre et Barentsburg and 

GruMantbyen on the 3. sloe of 	ice Fjord, and at 

Pyramident  further 	at the head of Billetjorden. The 

Russian population in Spitsbeiy,en is over 6100%), aud - tnouga 

exact figures are not available - coal ouc,put is considerably 

higher than the 400,000 tons ship:ed annually by the Nor- 

wegians. 	ihe entire pop,ilation of Spitsberyea is thus 

exotic zinc is centred closely around the half dozen mines. 

Shipping is impossible curing  the winter months Noveaiber 

to April. The sun is continuously obscured for 4i months, 

and even if breaks in the pact ice occur, the sea temperature 

is so low that water washing over the decks quickly freezes 

up the scuppers nnd unless hacked sway and thrown overboard 

soon cadsizes the boat. Lven as far south a the Arctic 
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fishing grounds of Norway, this difficulty is common in 

the winter. however, from May to October the west coast is 

usually at least aartly free of ice (see diagrarh ) and at 

the height of the s_tiNDer a regular service of Norwegian 

colliers taaes the coal mined at vntf.jorden during the 

winter - to various ports in Norway and the Baltic. 	Apart 

from these boats, waich only early pasaenEers Linoer special 

arrangement, the only means of access to aaltsbergen is by 

specially chartered boat, or the small Tromso steamer 

'Lyngen' which since .131 has been takina tourists to 

Longyearbyen, 41agsbay, ;Lagdalenefjorden and tuck to Tromso 

in ten day trips during part of July and August. 	is 

of course no kind of organised tranaport from the minina 

areas to the uninhabited 2rance Cnarl es oreland. 

Prince Charles Foreland. (3ee mai) 

The island is tA miles long, varies from 3 to 7 miles 

in width, and has a total area of just over two hundred and 

fifty sgaare miles. It lies between 78()  64' and 780  121  N; 

and 100 3!  and 120  L.)' 	It is elongated in a north- 

norta-westerly direction, parallel to the west Coast of the 

largest island of the Spitsbergen group (nmely Vest Spit

bergen) from which it - is separated by a sound from 3 to IQ 

miles across. At its shallowest point off lairraypintuthe 

depth of Foreland 3ound (Forlandsundet) is and 3 fathoms. 



Plate 1. Paglehukfjellet Irani N.W. 
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The coasts of Prince Charles Foreland are for the most 

part nearly straightwith few deep indentations. 	The west 

coast in particular is very rocky and abounds with reefs - 

in some areas for as much as two miles from the shore. 

Tn form, the island is constituted of two simple 

elements - the backbone mountain range, and the flat low 

raised beaches which fringe it (see for example plates 5 W 6̂1  1) 

The mountains fall naturally into groups, their features 

varying according to the dominant rock types. At the north 

tip of the island (plate 1 ) the rocks rise sharply in a most 

impressive wall to a height of nearly2,000ft. 	The precip- 

itous cliffs of massive quartzite are an ideal nesting place 

for the seabirds, and in summer in this neighbourhood the 

polyphonic squawks of gulls, guillemots, puffins and auks 

are deafening. 	This composite mountain mass three miles 

long, is Fuglehukfjellet, (plate jig  ) the "mountain of the 

Bird Hook" - (the Norwegian suffix "fjell" being equivalent 

to "Mount"). 

To thF-  south the mountains are higher, but smoother 

in outline, with slates and thin limestones as the pre- 

dominatingrock type (plates&& 114. 	Barentsfjellet, is 

followed by Balfourfjellet, and then the two mountains of 

the 5'utor group. 	The eastern parts of these are of the 

same soft, scree-covered form as the mountains just to the N. 

and are called Stairhogdene, and St.Andreashaugane ( north and 



Plate 2. Central range , rom Bot ro-erjellet. 
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south respectively). 	At the western ends of these mountains 

are two jagged pyramids of bare rock, both about 1,200ft. 

high, towering Un from a rocky promontory, forming one of 

the best known landmarks of the Foreland - the Nordre and 

Sore Sutorfjella. 	Two small and innocuous hills, Leefjellet 

and Hellandfjellet form the southern part of this undramatic 

F-roup, which covers the northern 13 miles of the island. 

Abruptly, to the south, the scenery changes as the 

massive quartzites of Fuglehukgen reappear (plates -(21- & 11  ). 

Laurontzonfjellet and Loureefjellet lead to the great range 

of peaks which occupy the central 8 miles of the island. 

Scoresby, in expansive mood, describes them this :- "The 

points formed by two or three of them are so fine, that the 

imagination is at a loss to conceive of a place, on which an 

adventurer, attempting the hazardous exploit of climbing one 

of the summits, might rest. 	Were such an undertaking 

practicable, it is evident that it could not be effected 

without imminent danger. 	Besides extraordinary courage and 

strength requisite in the adventurer, such an attempt would 

need the utmost 'cowers of exertion, .as well as the most 

irresistible perseverance.", 	From the plain on the west 

and the piedmont glacier on the east, the mountains rise as 

a jagged backbone to nearly 4,000ft. above sea level: for 

61 miles the ridge line never falls below 2,000ft. 	Only 

two glaciers reach the western plain, but on the east side 

of the range the high snowfields feed a series of icefalls 
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and glaciers which coalesce at the foot of the mountains 

to form .!Suchhnnrliel. - a seaward slopinj tri 01 ice eight. 

miles lohg, and generally between one and two miles in with 

(pla tes 3,13 a 	) . 	1he sea ha broi.en thmleh the moraines 

and cit back into the ice clo that over most of its length 

the sgacier i terminated by ce-cliffs, reaching a height 

of 100ft. in places. 

At the norti end of this central raage are the three 

peaks of i0dmo ef„;ellet, with the rieLe of Veslefingeren 113 .. 

the east (plat 13 ). 	The Gre.4ipianfella follow to the 

south with first Lonacofjellet -(the highest ahe most beau-„ 

tiful of the Porcian6 aloant%ins 	'ft.j- and then 

Ih1ppsfje.1.1et with 6:fltArn )1,310riz-ntiong to Aij 

(the "Devil's Thu:mb") and Bachananryen ("the hinate c' . 
The 'ThuMb.' is an. immense rock tower 21700ft. high bounded 

by very steep crags on the east ant south-east, sides)  with 

a vertical i face falling 1,600ft. to the ice- below: on 

the J4 side it is joined Lo the main mass of Phippsfjellet 

by a narrow snow. col. Parnasa.f4e444 follows, then 
met- 

Charlesfj and finally the slender pyramid of Jessi4jelitit, 

itS • heightless than a 100ft. short of ionaofjellet. 

(Plate 4). 

The general level of the mountains. then falls to. 

about 2,000ft. or a little less (platentA). 	ar&aretfjekt 

sends out a spur (Krokodillen) e Etward, against which the 

southern half of the buchananismends. A ridge from 



Plate 5. View north from Ferrierpi6gen* 

telvogen and Seszhogda in the 
middle distance. 

    



Ge&iecf.jellet. runs o the junction of the north- a.'• ast-

war& exending ems of Alfred Larsentop2PK, and in the two 

bowls So formed lie i.:lidabreen and Alfredbreen (breen= 

.:-Jacier;. 	The long, ridge south of '1 ,'dbreen is called 
3esshogda. 

The moat ilportant embaymeat of the z..coost - 6elvagen) 
is situated to th south of Alfred Larseatop,)011 (plate 6 ). 

From the head of the bay, the valley of *Jcotia 

(Scotiadalek) ran across the island in a L7).estc.rly dir- 

ectior to HaUkebukta on the west coast. 	fhe wo ,.ershea lies 

at only 240ft. above sea level. 

To the west of 'Gcotia Glen' the main range is contin 
ued for six miles by a series of hills averaing 1,600ft. in 
height. Coaquerorfjellet to the north is followeb by a &fell 
hill we have called Backbiter, and then by Scotia4sliet and 

aimondryggen - a ridge 	miles long. The 4.w. end is com- 

posed of massive quartzites, which make the forked pea* 
to. 

TvihyTgen; the 	end is lower, and rounded. 

T the east of this group, on the other side of Scotia- 
begins the 'southern range' (plates 	7 )1  a wedge 

shaded massif which extends about nine miles from the south 

shore of Selvagen to i.lethuenfeliet. 	The mountains are 

mostly about 2,000ft. high, (Hardiefjeliet, 2,4601t., is the 

highest) and ere less %jagged in character than those of the 

central range. On the east side of the range are three 
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lsrEe rlaciers, which almost reach the sea, tile nortnern one 
James Geikiebreen; te sthern two formerli coalesced anti 
were called Archib,;t1d Geikiebreen. 	Smplier glaciers also 

occur in the enptern corries of ?errierpigeen and :mietaufen-

fjeliet. .)n the northern side 01 the range ere a series of 

five glaciers (none of: the yet named officially) moving 
northward, anOn the west site :nree glacier relics coming 

from the :.1. corrie of annayf(). an the N•A e  uric, 

corries of Ardief,jellet. The riage bee:ins so..4th of 3elvagen 
with the massif of Doddsf,;eliet, the larLest single mountain 

system in the isino. 	he actual peak called i.oticia4;• is in 

the centre, ::.0S4ft. high, but two of the deaks of Lae mount-
ain further 71.4., which we have called il,aurell -are ia feet 

higher, being over 	2-30ft. (see 	U. 	iicsru . seade out 
a great 	arm to rerrierpiggen (1,6b0ft.) and allotaer to . 
the 	between these lies n large glacier. Inc long 

ridge of Laurel, extends to Alasdairnometi  and a third 
glacier lies 	of the ridge. 

The Cr)l to the south 01 this massif is e List below 

1,000ft, and leads to-J the long 	ridge of AeTamifellet, 
with its curling eastern spar. The lowest pass of the 

southern range (Maciiitchieskardet, less than 	sez)ar- 

ates this from the mountain mass o the south. '1:aere are 

three prominent peaks, the northern one (just over 2, 	 ft. 

highest - johaMsenfetletzthe central one - ieukpiggen, am; the 

southern Isachsenf.)diev. The ridge Which runs S.. from 
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johanserifoikrand divides the two partsof Arch.Geiklebreen, 

is "Dumbell• Ridge". 

The highest peak of the range, dardiefoellet, follows, 

after a 0Oft. col, and is joined by a high ridge to '10alsoni. 

the latter send out a prominent ridge to a conical hill of 

1,Lo3ft. 	i,Iethaenf.Allet forms the southern, sharp end of 

the wedge. 

In general Lie slopes on the east sins of the raage are 

much less than on the west, where huge slabs tilt away from 
ar 

the summit ridges about 500  or 600  ,down to the raised beach 

plain (plate -1). 	The slabs are beddih planes of asiesive 

calcareous schist, andaarge parts of a mountain side may be 

sculptured from a. single bed. 

One of the most remarkable features of the Foreland 

is the 40square mile plain Forlandsletta which extenus south 

from the end of the southern range, to the isolate° group of 

hills st the southern tip of the island. here the raised 

beach fringes of the two coasts meet over a distance of nine 

miles; the maximum level rerIches only about 60ft. above tne 

sea. 	The plain is coveree with a well eieveloped series of 

shore lines and beach deposits with only a few solid ex-

posures (former reefs), now intensely broken by frost action. 

The mountains Booth of the plain, when seeh from a boat sotth 

of the island, appear to be suite disconnected from the 

rest. of the Foreland, and indeed were so when the sea stood 

70ft. higher relative to the land than it does today. 



Plate 8, Salfjellet from the south; 
Methuenfjellet in the far distance. 



This small isolated grou2 of hills a. the souLhern tip 

*f the island consists of the rounded 3 ride of kersiskamg4- 

sa (just over 1,02,ft.), an indefinite ar 	of broen ground 

between 300 ei47jft, high, and then the load roc' ridge of 

aalgjellet lt aOft. (plate 	). .eersiskammen is most4 

scree covered bat occasional outcrops of bad' weathered 

schists occur : the east face of aalfoallet is by contrast 

very steep, Ere5t ribs of vertical limestone forming ridges 

which alternate with gullies of friable schist. 

The raised beach fringe runs round th south end of 

Salfjellet and the island ends in a rocky headland surrounded 

by reefs - 6alpynten reminiscent of the wad-  it begins, in 

the north. 
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Auts. 

There are six tilts on the islaad in a state of moder-

ato repair, and nuns of several old nuts, for exa:rIple at 

Andeneset, and just east ofA.aldneset. 	A.14 1 (sce diaLram 

opposite) contain v the egaidment of the ahtomatic radio 

beacon - Fuglehu4baken : there is 	tick, outer room with two 

bunks thia 	11, bt ef:icient sIove. 	,lut 4,...ehmore, 

was built by one of the 1-k:ottishpitsber6en 4ndicate 

expeditions well over thirty years aib, but is stili the 

lnrgest and most eomforLable on the islanci. (.eletel0 

auto 2, 3, , 6, 7 and 8 are small trappers huts of 

various ages, mostly in poor repair. Number 3, at ic-

Vitiepynten (plate c ) Can be made tolerably comf;Jrtabiei 

the rest provide .€i,- re shelter for a bivouac, bat little 

else. 

4w,Itrier.  

To i,aueralisc irom the t:iree sinners the writer spent 

on the island, the weaLher appears to go through three phases 

during the 'nonths of %Jane 	Sedta73ber. 	Throughout t)Jfle and 

July the weather is fairly good - cold, suniv-, with not, a 

very great amount of cloud. Late July ushers in a period- Of 

violent gales, dominantly from the southwest, with aliziost 

perpetual low cloud, and much rain. 

Snowfalls usually begin a week before the sun first 

dips below the northern horizon (the Oith August). There 



Plate 9. The McVJ,ie.iynten trappera hut. 

.11/111111/111  

Plate 10,. 	e hut at ienmore, Central :range in the 
background 
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may follow a little cold fine water, or the cloud cover 

and heavy precipitation of August way lead straight into 

the first heavy snowfalls of the winter. 

Good visibility then, may be expected at the beEinning 

of the seclson and hoped for in early Septelber, 1:),It the 

weather in August seems to be invariably bad. 
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krevigus_geo1ogic141 work ip Prince Charlegjeorelsnd. 

Very little was known of the geology of the Foreland 
before this century. 	In 1374 :e.von jrasche had published 

some observations on the west coast of Spitsbergen, and des-

cribed two landings ne made on the Foreland - at'4E11pp:item 

in the south, and below the 3utorfella in the N.W.. He 

recognised the presence of rocks of the Mecca Hoek formation, 

5nd described the "breccia" of the Sutorfjella with an 

accompanying cross section to illustrate his view of the 

structure. 

Two years later, in the Geological Magazine of 1876, 

Nordenskiold in a paper on the Geology of Spitsberiftn refers 

to "the southern dart of Charles Foreland" as one of the 

places where quartzites of the ilecla nos formation had been 

recorded. 

However the first systematic investigation of the Fore-

land began in the sunnier of 1906 when Dr. e.6. 13ruce led an 

expedition there under the auspices of H.S.H. Prince Albert 

of Lonaco. ex Near Carmichaelpynt4in the dark Shales on the 

coast, poorly preserved plant remains were found, which 

Nathorat examined : they seemed to him "to prove the occurr-

ence of the lowest sandstone series of the Tertiary although 

no absolutely sure conclusions can be drawn". 

The presence on the island of a separate, younger 

formation, ae 	well as the Hecla oek, had been 
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demonstra .ed, en _ the following year jinx' discovered mere 

o" these 'Tertiary rocks at aeinharepynten (Sword Point). 

However the principal activity of these expeditions was the 

topogrephic survey of the island, and this was eventually 

co7dleted in the third summer - 1909. The map was published 

(in 1913) at a sole of 1: 140,0A) (or 2.2 miles a1 inch) 

and represented a considerable eadan,, of very careful work. 

whilst the position of the main features - mountain su. "a,itss ,  

prominent cs:)es, and sa on - were fairly accuraeely placed on 

the map, the work on detail was unfortunately, clumsy' - so 

that the coast end the features or the mountains were very 

poorly reoresented. In 1909 and 1910 parties under the 

direction of the Norwegian Yajor Gunnar lsachsen carried out 

a flrther rapid sarvey using photogremmetric metno s tine a 

few additional theodolite observations. A much improved 

me of the island, this time at 1: 20,4000 (3.1 miles 

1 inch) was published in 1915. The general lines of the 

greeter ridges end corries were marked on this with sufficient 

accuracy to make it possible for later expeditions to plan 

their field cemoaigns to some extent in advance. ut o.L 

course geological mapping of anythinE but a most ruuimentaxij  

kind was still out of the question. 

*Jennwhile knowledge of the Foreland's geoloa was 

Fray ing. The presence of Permo-Carboniferous strata was 

apparently estnblished. 	Lee (14.09) described in 

detpil collections of Verdian and Carboniferous fosLiis mas,u 
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by Bruce in 1'd6 from localities south of Methuen4ellet ; 

but the area was revisited in 1907 by Bruce and three others, 

when it was concluded that the blocks from which the fossils 

were obtained, were not in fact in situ, but glacial erratics. 

In 1909 Dr.Adolf Hoel also examined the area but found no 

Permiaor Carboniferous beds in place. 

Hoe' in 1909 aid, however,. discover the preselice of 

'Tertiary' beds at Dawespynt, and on the coast below 

Buchananryggen at Trocaderostranda. de also recognised a 

series of n/3 normal faults north of Selvagen by which the 
f lertiry' on the ease was doanfaaited relative to the .iecia 

Hoek (Hoel 1912: also note in Craig 191b). 

In 1910 Nathorst published a comprehensive synthesis of 

the knowledge to date of the geoloaa,  of Spitsbergen, mention-

ing the isolated occurrences of 'Tertiary' beds on the Last 

coast of prince Charles Foreland, anc; reiterating his opinion 

that the fossils collected by Bruce were from the lowermost 

sandstone series of the Tertiary. 

Hoel in 1.A.2 collected some molluscan remains from 

Selvagen, but these were never described. 

The first attempt at anything like a systematic deli-.  

cription of the geology of the Foreland was made in 191.5. 

In August of the previous year, R.Ii.- Craig had made a number 

of traverses with Bruce and a ifir.Koeppern over the northern- 
south 

most third of the island and along the a. coast as fan( as 

Jessiefjellet, as art of the work of the Scottish '.;pits- 



berzen axpedition, led by Bruce. Craig (la) summarised 

the results of this and 311 previous work in a paper to the 

Ldinburgh Geological Society. The paper is divided into 

four sections ; introdactlon - Topographic Features - 

Formations - Acknowledgements, of which the section on 

Formations forms the great )art. He lists them thus :- 

(Feat 
(d) 	(Glacial Deposits 

(Raised Beaches, Lagoons. 

(c) 	Tertiary 
(b) 	Conglomerate of :4orth and South !iutors 

(Devonian) 
(a) 	ilekla ..loek (Silurian) 

ibis description of the Hecla aoek begins by referring 

to orwanic remains found in these rocks on Bear island, by 

Professor Nathoret 	regarded as of Silurian age" - and 

he puts forward the Foreland rooks an presumably belonsing 

to the saae system. 	On the structure he writes that "in 

the northern half of the island, and probably ia the southern 

also, these rocks are ateeply folded and often overfolded to- 

wards the 	Their general strike is, therefore, a.s. and 

S.Esi that, is, their outcrops run oblaquely across the island 

in that direction". There follows a brief uescraption of 

the rock types which are dominant in varioas parts of the 

northern half of the island; 	laus, for exaarple :- "the 

rocks of the Vogel Hook region (Fuglehuxen) are mainly grits 

and quartzites, the latter white on a freshly broken sarface, 

but weathering to a bright redCish brown". Craig recognised 



that in the central range was a great thickness of quartzites 

"of qoFel took type", and he also mentions "several thick 

bands of a brecciated ealc-chlorite schiet" (presumably the 

brecciated slate with calcareous cement). From speeimens 

collected by Bruce in 1506 and 1S07, Craig concludes that 

the rocks in the- southern half of the isiaad are of the same 

formation, going so far a to comolent on the similarity of 

specimens from Forelandsletta to the rocks ne nao seen. near 

Sichardlaguna, and to suggest that Aosshogdeae lo the far 

south "posib1y include beds like those at Vogel Hook". 

Despite searching "long ane carefully")  Craig failed to 

find ar fossils in the Heels Hoek rocks. Ae mentions that 

Bruce inforned him that "in 1907 he collected what he con-

sidered to be specimens of graptolites from black shales in 

the dekla Hoek beds from - the shore in the vicinity of PIT 

Allan (Allanfjeliet) and again N. of Cape Cold (isaldneset). 

Unfortunately these specimens were lost". iruce was not a 

geologist and no fossils 'rive ever been found subsequently, 

so that no great importance is attached to this claim. 

Under the heading of Conglomerates of N. and S. Sutore 

(the Sutorfjella) Craig describes the "very coarse conglo-

merate" which forms the two summits, and makes the observa-

tion that it "does not extend more than a mile. N. of the 

N.Sutor and does not nppear at all south of the S.Sutor, the 

whole visible exposure being confined to a. strip about a 

mile long and from a to a mile broad". He also notes 
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a "small exposure of much crushed and jointed greyish green 

and brown slate" on the beach in front of the S.Sutor, but 

"the relation of this .... to the coneelomerate is not seen". 

The relation of the conglomerate to ehe Aecla ioek rocks 

farther east in l'eckenziedelen "could not be closely ex-

amined owing to the Inaccessible nature of much of the high 

ground and to the great development of scree which masks 

the junction, especially at the foot of the slope. 	ieet, 

whether the plane of contact between the two at t,nis ,erticu-

lar part is a fault or an unconformability, it is steep 

(700  in the case of the 0.3ator, somewhat iese a t,he I‘;.Sutar), 

and it dies to the west; and there Is certainly a marked 

discordance between the two". As might be expected from the 

nature of the deposit, no fossils were found and Craig con-

cludes that "it is impoesioie ue fix the age of this con-

glomerete more definitely than to say that it is younger 

than the Heels Aoek series from the waste of which it has in 

great part been derived. 	it is most. probably of 0.:e.S. aee, 

and marks the very ease of the system. Similar beds have 

been described from Red Bay in the north-west of 3pitsbergen.." 

The brief account of (c)Tele Tertiary - covers only the 

exposures from McVitiepynten to Heemskerkneset, describing 

the rock types - "a rapid alteretion of coarse and fine con-

glomerntes, yellowish-grey sandstones, and black shales," - 

and the attitude of the beds : "the die ... is to tee 

and varies in amount, being from 3'00  to 400  at Point 



C7Inuichael and decreasing gradually to Aeemskerke 'Ness, 

there it is not more than.  200". Craig refers to the earlier 

discoveries of similar rocks further south and concludes 

that "... lower 2ertiary rocks occupy a narrow but continuous 

strip of the low ground on the east coast of i,rince Charles 

Foreland 	 t. least as far south as ioint Rapier" 

(Dawespynten). 

embers of the Scottish Spitsbergen Syndicate exped-

itions of 1931.' and 1920 visited the island. 41ordie included 

few geolozical noes in his 'eographical paper (iiordiel  192).) 

Wt the bulk of the geological results were oublished by 

Tyrrell in 1924. 3ince this paper is the most recent Com-

prehensive survey of knowledge of the Foreland's geology)  

it will be discussed in some detail. 



Tyrrell's paper begins with a geographieel ueecription 

of the island, niki. a no:.e on when, 	'with whom, the work 

was carried out. There are acknowle4;emente of aseletance 

in the field to J. ::icott, erof.Charlesworth, e—eordie, 
eeieet 

and D.A. Allan. A short iaistory of Geol A  Investigations 

in Prince Charles Foreland" follows, aria a 1st of GeolOgm4  

Literature relating to .erince Charles Foreland". in "buza6ry 

of Rock Formations fine Structure", a paragraph covers the 

Hecla ioek rocks, two paragraphs deal with the "Cainozoic 

rocks" of the east coast anu there is a final paragraph on 

the conglomerate of the sutorf,;ella. 	The Aecla Aoek is 

the next heat in 	this is ceelt, pith in some retail. 

A ten page account of the observations in a narrative or 

geographical Netting (titled "Details oi sections") is pre-

ceded by two pages in which a division into three "provision-

al and tentative" groups is euggestede 

1. Ferrier eeak Series. 
e. 	Scotin Jed ies. 
o. 	orthern Grampian Series. 

It is important to note that Tyrrell here states plainly :-

"It is not contended that this grouping serves for alvtnIng 

more than descriptive convedience. it is by no means 

certain whether these series are really separated] or whether 

the differences between them may not be accounted for by 

different stages or loci of metamorphism. 	If ;.here is 

difficulty in delimiting these series of rocks, still less 

is it possible to state their relative Ages with arly degree 
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of certainty. Nevertheless, the lithological and geo-

graphical grouping given above serves as a convenient basis 

for ?resent Oescription, although it may be discarded in the 
future as a result of more detailed investigation". The 

distribution ofthe various series is shown on a map of the 
Foreland, reproduced here as diagrairipoTposite. 

The proposed division is then elaborated bd a few 

remarks on each series. The Ferrier keak Series is said to 

consist of "dark bluish or greyish calcareous phyllites and 

fine-grained mica-schists, with lighter calcareous c,lasrtz-

schists, and an abundance of dolomitic and ordinary crystall-
ine limestone, white, light grey, or blue in colour. Other 

rocks occurring Li lesser quantity are greenstone-schists 

and black slate. 	The predominance of carbonae rocks and 

minerals in this series is to be notec." 

The rocks of the At.Scotia 6erlee "are Chiefly compact 

dark mudstones, often intricately veined with carbons6ses; 

grey, yellow, or white quartzites; aad various types of lime-

stone, often argillaceous and dolomitic, which frequently 

wecther with a brilliant orange crust. 	30101141 OrthiOt lie-

stones are black and slaty, one distinctive bed containing 

chert in layers and nodules", others are white or grqi, and 

are usually siliceous and dolomitic. Other rock types 

occurring in mailer anoints are green slates, black carbon-

aceous slaes4  and a distinctive striped green and purple 

slate. The quartzites have often been rvionised, and the 



slates puckered and cleaved, by intense mechanical deform-

ation." 

"The chief original rock type-  Cin the N.Grerapian 

3erieej .... appears to be a finely banded rock consisting 

of alternate bands (usually much less .han one incn in thick:-

ness) of arenaceous, argillaceous, and calcareous a-Aerials. 

The predominant arenaceous component has the grade of silti 

hence the term siltstone, co-ordinate with sandstone aria 

muestone, appears to be appropriate 	 This baeded 

hee often suffered considerable autoclastic brecciation, with 

the formation of a slate-breccia .. 	 Along with these 

rocks are quartzites, graphitic slates, and pebbly sandstones, 

which have also undergone myloalsation in the neighbourhood 

of the grea t er thrust planes. In this formation there also 

occur numerous green stones and epidiorites representing 

original intrusions of basic igneous rocks". 

These stratie-raphical details have been quoted more or 

less in full, in order to show on what criteria the divisLons 

proposed by Tyrrell were based. 	he cetaiied work that tele 

present- thesis is eo describe hne shown, e; lyrreli expected, 
graf41•c- 

that entirely new streieee, 	 divisions are necessary. 

-The part of Tyrrell's paper entitled "leetalls of 

Sections" follows, giving account s of several traverses in 

rocks of each of the three groups. Under "Ferrier eask 

Series" there is a forefold division into notes on a)  

the Southern range, b)Porlandsletta and the far south, 
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c) the S. shore of Selvagen, and d) A1fre isrsentoperi 

(44. of Selvagen). Apart from some errors in the icentifi-

cation of rocks - as for example in the opening description 

of the exposures on the coast south of Kenmore - the obser- 

vations are accurate though not complete. 	Enoegh measure- 

ments of bedeing are given to indicate the "simple anticlinal 

structure of the Napier it. alawespynten] area, elle of the 

deeter iiinters Cove tract .... 	No other structural ieateree 

are noted here however, apart from quartz veining, except 

on the a)uth coase of Selvagen where "the great cistarbancee 

of strike and dip in this region are prebably to be aecouneed 

for by a large eaateer belt running near the southern -shore 

of Ferrier eaven". Of the area around Alfredliareentopeen, 

eerrell writes "this peak, and a =all area to the so uth of 

it, appears to be the eite of an infold of the Ferrier .eeek 

Series within the et.Scotia Series •••• 11 1 and later ; 

"how far the infold extends in the meth and south-east, 

whether iu connects up with the main outcrop on the south 

side of Ferrier :laven, and its exact relations to the et. 

Scotia Series, is unknown". 

The Mt.Scotia Series is ceale eel  ii in five regions - 

Mt.Scotia (Scotiafeeilet) itself; donquerorfeellet; the area 

between Dyerlagusta and the northern dart of the Thoerson-

feell the eastern eart of tee Thomsonfjella - north of 

Selvagen (3esshogda); and the region about eichardlaeruna. 
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The realnrkp on rock types are accurate as gar as they go, 

bat the structural observations are rather ausleaciing. Thus 

of Jcotiafeliet, .I.a.Wordie, whose notes are quoted, writes; 

"the above (readings of 390  and 200) were the only dip 

actually measured, and may cause misapprehension, Generally 

speaking, the dip is much steeper 	the tectonics are 

most complicated. The best section, tha-, on the north-

eastern ridge, gave the Imaresaiaa that one was dealing with 

concertinas structure ". Tyrrell follows this up in the 

notes on - the exposures amid the raised beaches east of 

Dyerlaguna, by saying "the dip is nearly always high, ae 

least 60° to 700, often vertical; only at one place was a 

dip as low as 300  noted. The direction of dip is alter-

nately east and west, producing the "concertina" structure 

noted by 'Ar)'4ordie in -1A.Scotia". 	Detailed mapping nowever 

ahewn that these alternations of dip to east and west 

do not represent closely alternating anticlines and synclines, 

but are variations in a sinEle, nearly vertical fold limb. 

The beds do not 'young' first to the east and then to the 

west, but conaistantly in the one direction, being alter-

nately right way up and then slightly overturned. 

	

The Northern Grampian Series is described in three 	
t) 

sections. Part (a) "The region about ia.,Bouree" (Boureefelie 

is dealt with in some detail, considering its size. ost of 

the conclusions however are drawn from views of the "great 

southern cliff face . 	 largely inaccesible owing to 
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vertical cliffs and ice' ; misidentification of rocks from 

a distance is frequent. Moreover the sketch section of the 

cliff is thoroughly misleading  with a complete failure to 

recognise the main structure. 	_'-aa traverse was carried out 

in a snowstorm, and preaumably tiMe for an adequate study 

was not available. The quartz-magnetite schist of 1 4agnetite-

Knoll' was noticed and fragments of similar rock are recorded. 

from the local moraines. 	Section (b), "Kt. sale to 

i=onaco" contains a mixture of errors will valid observations. 

-1.t begins for example 75urmourn.ina the black slates and 

quartaites of the alt.Scotia. Seriea on the western faces of 

iotaaiargaret aad 510.--metre hill, there is a thick band of 

dark green rocks which, in the great corrie north of WI. 

2argaret, are seen to be greenstones, an6 green scists". 

In fact the green beds underlie "the black slates and quart 

mites" - and are dark green aezipelitic and delitic rocks. 

'40rdie's unjustified remark on the "prominence of epidloriLes 

in the Ut.lionaco section" hay led to a vast exaggeration of 

the anount of igneous material in the mountains of the 

northern half of the island. The only important atructrai 

observation in thic aection is that "the western face of 

t.Jessie gqows sane extraordiaazy recumbent folding, which 

sudports the view taxen later on that a major thrust plane
runs along the western margin of the range". ‘Prerumably 

this refers to the southern face, not the western face ahaca 

is parallel to the strike). 
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Part (c), the "eastern side of the Northern - Grampians" is 

almost; entirely concerned with the rock types found in the 

moraines of the glaciers on the east side of the central 

range. "The nature of the rocks can .... be inferred from 

the materials of the nume:eous moraines". 	There IF, a final 

paragraph on the rocks'in situ'at the "eastern end oi the 

Nutatak" (Ruch, nanryggen) with a note of an exposure of a 

"curious rough-weathering, calcareous, slaty breccia, which, 

in thin section, is seen to carry nu.,ero,As, a-way-formed 

flakes of red biotite, suggesting contact metamorphism:.  

this rock may have been hornfeised by some undiscovered in- • 

trasion". 

"Petrography" is the next large section of the paper, in 

which the rocks are dealt with in categories, thus:- 

Sedimentary Rocks. 
1. Mudstones and slates. 
2. Laminated, Banded and i)uckered Jiltstones. 
3. quartzites, mostly mylonised. 
4. Dolomites and Limestones. 
5. Qhartz-magnetite-haematite Roc&s. 
6. Crusli Breccias and 41onite-Gueiss. 
7. Hartschiefer. 

Pecida, Itoek  
II. 	igneous Rocks intercalated with the ---..•..Settiteents. 

Schist4A 	If 

,got very .rtuch need be said of these sections. 	Under 

"idudstones and Slates", the apJearance of "ottrelite" is 

noted from only one soecimen, found "as a loose bloc& lying 

On the surface at the divide in Scotia Glen". 	A specimen 



from the moraine of Murraybreen is described as a "fruchts-

chiefer" spotted with chlorite in a matrix of quartz and 

sericite. "These two rocks have every appearance of being 

due to contact metamorphise. 

In the second section Tyrrell compares "these rocks 

composed- of al- erhatireH bands or 'laminae of three distinct 

grades of coarseness, with the intemediate or silt grade 

predominant", with "the types known as fakes in the Scottish 

and Other Coal Measures Cataclestic effects are described 

in r:everal specimens. 

TheSection on Quartzites, deals with three mylonised 

exnples from Conquerorfjellet, eessiellet, and Bouree-

f.jellet. 

In the section on "Dolomites and Limestones!' the con-

trast is noted between the mylonites previously described 

and these rocks which "show comparatively little traces of 

the dynamic metamorphism which has affected other types of 

rock intimately associated with them 	 in some eassu 

not even recrystallieation has occurred to and extent". 

The quartz magnetite-haematite rocks "associated with 

the dynamically metamerphosed rocks of the,A.1-3euree region", 

are cescribod; the view being taken that the specimens 

found in the moraines were derived from different bees from 

the one seen in "LaZnetite Knoll". Tyrrell considers the 

rocks to be the result of "recrystallisatlon of pre-existing 

iron minerels in the rock during some stage of Ataworpeis", 
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rather than "the introduction of the iron-ore from outside.... 

by metasomatic replacement". 

Part six deals with somewecimens of brecciated slates 

from the central range, and suggests a comparison with the 

crush breccias of the Isle of Lan. 
Under the heacine l Aartschiefer' Tyrrell describes 

a specimen of e kind of "flinty-crush rock" from the eastern 

flank of Mt.Bouree" and suggests the possibility of manu-

facturing this type of rock by extreme mylonisation of "at 

least three distinct rocks, namely, the banded siltstones, 

the quartzites, ano the crush-breccias or conglomerees". 

Igneous rocks are recorded from the moraines of iilagua-

breent  the corrie glacier north of si,:onacotellet, am the 

glaciers "streaming north fro the Perrier teak reion". 

xamples are said to occur in situ in the comics between 

IZargaretfjellet and eessief,,ellet, and on Ldonacofjellet. 

From the specimens the main lines of breakdown are noted, 

as the rocks become more schistose. 	iieferame is wade to 

the basic igneous rocks associated with the decia Hoek form-

ation elsewhere in Spitsbergen, and it is suggested%nat 

these pre-folding basic igneous masses characterise the 

whole of the Heels Hook outcrop in estern Spitsbergen, and 

represent the "green rocs' involved lrt the Caledamisn 

Imery ofAestern Scandinavia". 



The third part c'n1st covers the rocks south of 

Selvagen and et of Scotiadalen, that is the main outcrop of 

Tyrrell's Ferrier ?ea k Series', ranging in. cumdosition frum 

quartz-schits-to almost pure limestones - "The more schistose 

types of greenstone....also occur in this series". :';ipecimens 

fro various localities are described and Tyrrell concludes 

that the "description makes it clear that these rocks have 

been mineralogically reconstructed to a much greater extent 

thn t on 	escribed in foregoing sections. 	..hey 4A41B coarser 

more schistose)  and show no signs of advanced cataciastic 

deformation beyond a few strain shadows in the quartz. The 

higher grade of metamorphism may be correlated with the more 

open type of folding which prevails in this area 

  

  

both phenomena probably being due to deformation under deep 

burial than has obtained with the cataciastic types of the 

northern and central regions". 

Me penultimate section on the :iecla Hoek formation 

is entitled "Tectonics". 	Tyrrell begins by statih8 that 

"observations are still too scanty to elucidate tne detailed 

etructire of Prince Cn7Irles Foreland. 	In general, however, 

it crJn be said to be extraordinarily complicated)  with folds, 

overfolds, thrusts, normal and reversed faults, and shatter-

belts in bewildering profusion; a structure typical of an 

ororeenlc belt which has undergone ones war; po1114 two)  

periods of movement". The style of folding in the northern 
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half of the island is donzrasted with that of the main out-

crop of the 'Ferrier Peak -Series' )  where no recubent folds 

or thrusts were observed, but instead a 'tr.trier o)en tide 

of folding in anticlines and synclines'. This, and the 

apparently greater extent of recrystallisation prompts 

Tyrrell to reiterte the idea that "the Ferrier iea k Series • 

may represent the rocks of the central and deeper parts OfH 

the orogenic belt to which Prince Charles Foreland belormo; 

The t.Scotia and Northern Grampian Series represenAng the 

more marginal and superficial parts". 

A "coNectural section" across the central range is 

given, and reproduced here (diagram(,). 	"In this the 

assumptions are made that the Mt.Scotia eries rests upon the 

Northern Grampian Series, and that there are two aia.ior thrust 

planes)  one on each side of the mountain rank-e. 	The Lest 

for these ass4aptions are the less altered character of the 

Mt.Scotia Series (apart from meehanical deformation), and the 

unquestionable occurrence of inten,said sheared and mylonisec. 

rocks, along with recumbent 251ding,in zones at the western. 

-base of Aojessie)  and in the region about t.Bouree on the 

other side of the rane". 

It is suggested that Conquerorfjellot "represents an 

overthrust block. of the 'cit.Scotis S•rieso  

Finally it is stated that "in most places where the 

deformation can be studied it is clear that the overfoIding 

and thrusting forces operated from west to east)  a relation 
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which holds elsewhere in the Heels hook rocks of the western 
mountain regions of Spitsbergen. All clear' displayed 

folds seen by the writer (Tyrrell) were overturned towards 

the east. Craig states that in the northern half of the 

island the rocks are steeply folded and often overfolded to-

wards the north east ... but Wardle (1921) says that the 

overfolding is towards the west". To show thaa the princi-

pal direction of overfoldihg and overthrasting was in fact 

westwards)  is one of he purposes of this thesis. 	The 

small folds observed which show an eastward overturning)  are 

developed wiehin the midale limbs of moor recumbent 

sereetares)  overfoldcd toward the west. 

The final Chapter is "Correlation and Age". Tyrrell 

quotes Holtedahl's remark that "the Heels hook of Spitsbergen 

covers the same space of tine as does that of the southern 

island (Bear Island) )  viz. the time from basal to ;;iiddie 

Ordovician)  possibly (or probablyi) with breaks" )  ; and con-

siders it to be well founded)  on a "litnologUall  strati-

graphical and structural basis". To Aoltedahl's litho-

logical rrelation of the rocks of Bear Island with those of 

the Spitsbergen mainland is added a "very tentative suggested 

correlation for the Prince Charles 'ibreland Series" (diagram 

No. 

It would seem to serve no useful rpose to comment 

here on anything bat the eytreme scantiness of the evidence 
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on which these correlations are based. A full discussLon 

of the pr:)blem is left until after the new evidence has been 

presented. 



• ie 11 



ihe resent 4ork. 

This thesis is the ret of three expebitions to 

.1-iLce Charier Yoreland, ma,e on eac occasion by a party 

of two - Ur. 1A.licDonald, then rain odern Languages at, 

Cawbridge, an the writer. 

During the first expedition in the suiniier oi l/ZAi)  a 

base camp 'was maintained at ;,c\/itiepynten on the 	coast, 

and work was carried Out from there)  and from two advanced 

camps established at Fuglehaken, and below the Z, face of 

Barentsfjallet. The original plan to mad the Heeila Iioek on 

an enlarged version of Isachsen's 1916 map proved impossible 

ariaa new topographic survey had to be made. An area of 

22 square miles, tae northernmost part of the island, was 

eovex'ed, this area including iiglehukfellet and Barents-

fjellet. The survey was at a scale of 3" to one mile. 

The ilecla Hof* anc Tertiary rocks ere eventua334* stepped 

on this basis, though this was not very sa-,isfactory since 

the ?arts ce the topoeraphic map were not oompleteli ad-

justed end integrated until the expedition returned. 

AIriort till the geological work in the first two seasons 

hpd thus to be carried out on sketch maps)  later to be ad-

justed to the final topographical base - an unfortunate but 

unavoidable waste of ti:ma. 

In the quartzites of Fuglenukfjellet (plate P< ) a 

larFe recumbent fold was mapped which TAIS Shewn 4i the 



Plate  17. Cemp on  tho 	el 

elate 18. 1:;taet 
feoe of 
Chrzacofjollati 

0+4 

Plcte 16, Frost o male ver 
	

14tf on 
.N. B-zon 	Joliet. 

411100111ft:- 



37, 

attitude of the sedimentary structures 40 be overfoldee to 
eat- 

thetend not to the it , as expected. 	This pronpted the 

planning of tveJ further expeditions, to re-survey the isialics 

topographically, ant. to carry out a eetaileo geological in-

vestigation,  

In 135O 1950 ‘ete. weeks had bn spent in tae field, the 

isitend being left at the beginning of September. In 151)O1l  

we worked for a further fortnight - 

first blizzards of the winter which 

picked up until the 3.th 3eptember. 

beginning to Cisappear under layers 

During this second season the  

bu then ran into the 

prevented our being 

ry taen the rocks were 

of frost crystai5(elat06).. 

whole of tne rest of the 

island was explored - the s)uunerL. half in less detail Ulan 

the rest, which was mapped at inches to one mile tnroughe 

out, topographically and geologically. bepots were laid at 

the beginning of the expedition at'nenmore and Andeneset on 

the 	Coast, and base was again established at eicVitee- 

pynten. 	backpaceing journey was mace from base to the 

west coast, and from a series of caws along the raised 

beach frin6e (plate )/ ), all the mountains of the central 

range were successfully climbed. Almoet stationary weether 

conditions, with cloud from &.,10 to J.120C)ft.but magnificent 

visibility above this level (plate /5) enabled .he survey - 

of the western sice of the range to be carriee out most 

successfully. 

This march converged on the 4enWore depot -where further 
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Plate 19. 	Depot on SgSre Euehananisen, 
at the-foot:of tho molintain wall. 

Plate 20.. Upper pc.rs.oi Monaoofjellet, 
from the south. 
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supplies were picked up for a journey to the southern tip 

of the island, along the east coast. The southern range was 

examined and the general distribution of the major geo-

logical elements was elucidated, but a detailed solution of 

the problems in this area )  had to wait until the third 

season. The depot 	Andeneset was reached in mid-August 

and paddled to the ede of the 1-dmont glacier in an R.A.F.-' 

tlype rubber dinghy, ann there transferred to a sledge. The 

bare ice surface (plate 19, 	), inclined towards the 

sea, and crevassed at intervals of about lo to 20ft. over 

large areas of our route, forced us to split the heavy load 

of food, equipment and rocks into two parts and relay them. 

The sledge - a 7ft. (ex-R.4.F.) Nansen-type - was otherwise 

continually overbalancing, and once on ite side was an ex-

hausting job to raise. The full load also made manouvering 

dangerous over bridges and along the thin ice walls where 

crevasses lay 'en echelon'. 

'.4hen the northerly limit of continuous ice was reacIed, 

the rock soeeimens were paddled 60 a point just A. of 

rraypyaten, and left there to be retrieved by ship at the 

end of the expedition. The final IC) days were spent in 

the hills between Barentsfeilet and Glenbegdalen, aad in 

re-mapping parts of Barentsfjeliet and Fuglehukfjellet at a 

scale of 6" to one mile. 

The final season saw the need for mobility, so that 

selected areas needing re-examination could be reached 
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quickly. Per thi erpose an left. carvel beilL rowing-

boat, (pieteJ.1), was bought in Spitebergen from a ceparting 

miner, and powered it4 	- 11 Z h.?. outboard eugine. 

This wee not a great. se cese, the boat ele 	raale for 

the sea conditioee, but ao heave thee eavene to .p411 Mr 

above the high-tiee level whenever see eee beaceed, was un-

)leasantly exhausLiew. h sealeer boat coele net eave 

carried all our gear, cci woelc have failed to steed up 

to the heavy se tx on the evosed western side or the island. 

An ideal combination woeld have ben a lit Imam denghy and 

a larger boat anchored off shore, with an inboard engine, 

(the outboard gave conaisten trouble in starting in the 

cold water). 	The Zicottish Spetsbergen Syndicatei e hut. at. 

Kenmore wac used as a base and the first part oi ..he exped-

ition was devoted to farther examinatien of the soeeuern 

range. 

About four weeks were lort by e return to eongyearAyee 

for medical attention to a leg injury incurred in the mount- 

aies. 	After thatrwork in the areas accessible frolic base was 

soon completee :rid a final month's journey was wade aroend 

the island in a clocevise direction, Wing together loose 

threads in the geological. pattern. 

The fieldwork was completed 	eeptember leee, The 

whole island had. been surveyed in eeteel ec.bonele r*ork1ng 

on the contouring of the mounteans, the writer on tee positeoe-

ing of the. mpuntaine anZ deteile of the coast eine rivere. 
Oe 

The method used was a coabintion of plane-tebllee eau 
A 
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compass triangulation, contoaring was carried out with the 

aid of an Abney level (aid two "atts" aneroid barometers, 

with vernier scales estimating to lft;- three main points 

of the Norwegian theodolite triangulation were accepted as 

reliable for position and azimuth (Boureefjellet, Jessie-

fjellet and Methlenfjellet). Certain features of the coast, 

of the raised beach arcs of Forlandsletta and of the positLon 

of ice-fronts in 1936 were taken from low angle oblique air 

photos made by Norsk Polarinstitutt in that year. Details 

were plotted by a graphical me-thod using a vanishing pers-

pective grid. 

Geologically the whole area was covered by detailed 

mapping; about 2,50 rock specimens were broudit hone to 

asrist in building up a detailed stratigraphical column., 

and for petrological study. 	Continuity of exposure over 

large areas all 	the various aspects of the geology to be 

studied in detail, and there fortunately is little need for 

con,jecture and extrapolation. 

The expeditions were organized with much encouragement 

from Professor L.A. Read and Dr. J.Sutton in the Geology 

Department, Imperial Collggei and from Assistant krofessor 

A.3tevenson of the City & Guilds College, to all of whom 

sincere thanks are Cue. Grants were awarce0 by the royal 

Geographical Society, the Linnaen Society and from the Central 

Research Fund of the University of London. The 'eatlainS 

Award for 1951 was given for this researCh. The subsequent 
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laboratory work has been carried out at Imperial C;ollege 

during the two academic years 11,42-54, with L.Ile aid of a 

University of London Studentship, and a suppiementary aard 

from the Department of Scientific and industrial i-iesearch. 

To ail the bodies who have made this work possible, 

and the many firms who have supplied food and equipment for 

the expeditions, grateful acknowledgement is made. 
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INTii0DJCTIO N. 

Aocks of the Lecla doe formatio occl)y the eajor part 

of the island, and are responsible fer its moantainous topo-

gra phy. Illey have been strongly folded and are c,t by 

numerous faults and boles of shattering. Despite the dis-

placenent of the faults, structures can be followed continu-

ously, with the exception that the major feule throu Scotia-

dalen throws roc of two different tectonic levels ineo con-

tact, and these structures cannot be correlated on he two 

sides of the fault. 

In this research the first operation has, of course, 

been the unravelling of the structure, which - with the aid 

of evidence from sedimentation structures - led to the 

discovery of the original order of sueerposition of the 

various formations. 	In presenting the results, however, 

it is proposed to deal with events in. the order in which 

they occurred : the history of deposition first, the 

structural complications afterwards. These two chapters 

are followed by one on the reetamorphism: all aspects of 

the rocks, as such, are dealt with under these three eeadings. 

There follows a chapter in which the deals ioek foraation on 

e'rince Charles Forelano is compared with the Hecla noek of 

o,her areas in epitsbergen. 	In the final chapter of .ert II, 

the Caledonian geology of Svalbard an the rest of the North 

Itlantic-erctic province is discussed. 
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caw 	II . 	SMATIGAAiJAY OF Tile .1LA 

	 H014 FORMATION.  

ijorth of Scotiaaalen six major stra igraphical groups 

o rocks can be -istinguished. Four of these, amounting to 

over 1d, 	ft. of sediments, form a continuous queace, but 

Structural complications prevent tae other pouds from bein 

connected to this main succesion. 

South of Scotiadalen a series of thrusts breaks up 

the sequence, but a continuous saceession of aboutlo)oeert. 

Cars be seen in the east, and there are two other allochthon-

°OS wedjes of rocks, which give further suceeselons 

In the far south of the island a succession of 9,000ft. of 

beds was recorded. 

Incontrovertible ,,, vidence of the orik4Lal order of 

superposition is scty, sedimentary structures almost every-

where being lost as a result of the metamorphism and intense 

deforxation. 	In one area in the north of the islane and 

at many doints in the country between Scotiadalen am; the 

west coast however, current bedding and gradeci bedding are 

preserved. 	The s,-4ccession can thus be determineu at (taken 

end 1).1: the central range: 	in the centr 	'- the structure 

is i,lore complem, three-sided formations are oommon, ai 

thick beds often disappear quite suddenly from ,he sequence 

result of movement and shearing. 

Within the area of Map A., ail the groups conpr1sin  

the continuous northern succession are represented. 
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Lssentially, the tL;cotia group, coloured blue, lies in the 

Centre of a major synclinorium; the bec that -outcrop north 

of thie core are successively loeer in the succession. 

vidence of "way up" is seen at a height of Iti0Oft., on the 

ridge 2,600ft., south of the summit of Fuglehuic4ellet. 

Here, in rather silty sandstones nenr the top of the Fugle-

huk group, current bedeing on quite a snail -  scale can b 

observed - truncations resulting from chen6es of current, 

being spaced at an average interval of lem. The bed are 

unque tionably the right way up, anu the Barenes group lying 

above them is thus clearly shewn to be younger. The junction 

between the Barents group and the beds above (the Conqueror 

group) is a plane of considerable move-ilent, ac the mapping 

clearly shewa. The Conqueror anc Scoti Groups bove arel  

however, oDnfornable, the latter be1LAL the youngest of the 

four gros. For evidence that the brea4 between the Barenta 

and Conqueror groups •does not change the major sequece, we 

must turn to elle south )art of the central raa6e and the area 

west of Scotiadalen. 

Here the sequence :- 

Scotia group. 
Conqueror group. 
Barents group. 
Fuglehuk group. 

is again seen, and current bedeing within the Scota group 

confiruis that tie groiv 1E the youngest Of the aiccession. 

euth of 'Jcotiaealen, no evidence of "way-up" of Was 
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is seen. The beds there will be dealt w till  for convenience, 

in the order in which they lie at ?rent. The rocAS 

ocduring north of Scotiadalen,which will be termed the 

i;orthern Division)  are deEat with in he folJ.owing pa,e's as 

far as ?ossible in the order in which they were Laid down. 



Tiii; FOG1,0-ki-LUK  GA  &. 

Beds of the Fuglehuk Group occur in three areas, ail 
north of Scotihdien :- as a block at the nortn ehd ot the 
island; sporadically in the mountains of the celitral range; 
and over a lare area north of Laldneset. 

The thicknesL- of the series apdarently exceeds 4,00ft. 
in the raised beach areas west of Scotia 'Jellet, but the base 
is never seen on .erince Charles Foreland. 

A etailed succession was im,)ossible to measure in the 
southern area, but in Fuglehitkfjellet continuous exposure 
over large areas facilitated detailed mapping.of the ibllowing 
succession for the upper part of the series 

ilkaTS  Giioae, 	jeta. E. 

F.21. 	10ft.hales with two 15ft. bands of massive 
quartzite in the lower part. 

F.20. 	10ft. Quartzites. 
F.19. 80ft. Shales with thin quartzites interbe Ued. 
1.18. 	45ft. Quartzites. 

I 

1.17. 	5ft. Shales. 
50ft. Quartzites. 
J20ft. Quartzites and shales. 

F.16. .60ft. Quartzites. 
F.15. 70ft. Shales, with quartzites. 
F.14. 15ft. Quartzites with shales interbedded, 

ft. Quartzites. 
1.13. 	3ft. Conglomerate. 

loft. Quartzites. 
6ft. Conglomerate. 
8ft. Quartzites. 
30ft. Conglomerate. 
5ft. 42artzites. 
Qft. Conglomerate. 

F.12. '64ft. -uartzites and Shales interbedded, 
14ft. .iartzites. Livun 
Oft. Shales, with littIc :2,u,rtz1te and conglomerate 

bends. 
F.11. 	50ft. Quartzites. 
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F.10. 

F.3.  

F.7. 
F.6. 

F.6. 
F.4.  
F.J. 
F.2. 
F.1. 

2Oft. Conglomerete end euartzite. 
Wft. Conglomerate. 
130ft. ',111j7i rt zit es with a band of 10ft. of interbecelec 

hales anu quartzites at 0ft. from the base. 
47ft. Shalee-and Quartzites :- 

15ft. Shel  es. 
5ft. Shale e and quertzites. 
Ibft. Quartzites. 
32ft. Interbedded shales 	q_lartzlts. 

6bft. Quartzites 
30ft. Shales and -  q-eartzites - 

IOft. interbedued shales aau 'quartzites. 
left. r.:part zit e a. 
bft. Interbebbeu shales Luc quartzites. 
• bft. Shales. 

250ft. ilassive quartzite anu some pebble Callus. 
80ft. Shale with quartzite interbedded. 
200ft. .quarteite. 
50ft. :Melee with a few quartzite bands. 

uarlzites. 

In the extreme north-west of .euglehuktjellet a fihrther 

26uft. from a lower ?art of eae group is upi'aulted, but its 

connection eo tae ;in succession above is unz.nown 

F.b. 2Wft. Jassive quartzites with isnree thin wale zones 
of a few feet in thicknese. 

F.a. 	Wft. Alternating quartzite au bJ.tick shale bance, a 
few inches thick. 

The total teickneee is thus in excess of le980ft. of that 

Amount 76,. is ranee up of quartzite, 	of shale, and be: of 

eonglomerete. 

There are no perceetible variations in ene facies of 

the eroup in different areas. The massive geertzites everi-

weere give rise to steel craes, such as the 76 -)  face a 

thousand feet high on the north side of Charlesfjellet: 

compare plates 'T  pck9 	andael  coo. On the coastal plain 
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the contortions of .hc raised beaches around old stags and 

reef's demonstrate the resistance of the quartzites to sea 

action; nowhere clse does such a great aAoant of bare rock 

appear through the raised beach deposits and the modern coast 

has its complement of shall islands and ,;a6ged headlands. 

The quartzites are co4pact quartz sandstones, usually 

light grey when fresh, a pale or medium brown on weathering: 

'Some are a dare grey and weather grey. They are hard and 

massive)  not cloacly jointed)  but cut by shearplahes.and many 

polished and slic4ensided surfaces where small scale rnove4ent 

has occurred. 	Deadin is very rare visible unless scale 

intercalations occur. 

The shales are always blacx: they often occur as thin 

laminae in the quartzites, but occasionally reach a thicAnesa 

of up to bufeet. Iney weather black. 

An uncowmon rock-tye which has been 3.nclued in the 

shales of Jhe table above is a banded siltstozie, 11.4„ht to cane 

grey when fresh; the coarser, more quartzose heads weather 

brown, and exaggerate the lithological differences. Graded 

bedcing is very frequenUy shown up in thi way; the thic4ries6 

of a single gr-,ided bed averges two or three centimetres, the 

co;lraer base of each bed contrasting sharply with the fine 

grained top of the previous bed, and itself becoming gradually 

finer upworda. 

The collglomerates u3,1a12,y appear muen distar,edin lano 

specimen and when weathered often reseltie crush breccias. 



The; are generally grey)  weathering to brown. 

From the Fuglehuk group come slides No: a )  al)  

435)  530)  1141 )  l-141)  1910) 	2913, 1922. 

Typical of the quartz3tes are 1922 and 1149. The former)  

from the cDast west ofOrmondryggen, shows o sutured intergrowth 

of grains varying in original size from 0.b mu. to %J.002 mm.)  

with two common diameters - Q.4 mm. an Q.1 mm.-grains of the 

latter size forming a matrix wnich aurroancs the larger quartz 

grains. The matrix contains small in,urstitial carbonate 

granules (about 6,„ of he total). A sin -le ;ran of zircon 

occurs in the slide. 

114 from the east face of Uargaretgjellet is more cata-

elastically deformed. Most Of Las original quartafte- grains - 

now rather flattened - hao a ciameter of something between 

0.5 and I mm: a few are much smaller (down to b.1 mm). 
mall interstitial vrains of carbonate oc ur)  some having 

recrystallised to form lare-er units: the total amount is 

about 2A. 	1. few 	of strongly twinned i)lagio- 

cleFe occur - the com,Josition is rough .ly ka.30)  that la 

Oligoclase. This makes up far less tnan 2 of the rock. 

Other slides sw very similar features - a szall 

amount of carbonate material is general)  very minor amounts 

Of plagioclase occur)  anc the accessories are schorlite 

comonly, and zircon less frequently. 	li0e 	frair, zie 

northern part of Fuglehukfjellot is unusual)  sao,ai;IL very 

well rounded quartz grains in a matrix of about 20i, carbonate, 



,25ee quartz. 

The shales snow very little in section. zlicle 141 

from west of Scatiafjellet is a fine grained silty shale witn 

minute grains of quartz. 1910 similarly snows s few quartz 

t5rains in a very fine gained matrix. 

The various conglomerate horizons are very similar, 

pebbles ranging in size up to 3 ems, bit rarely larger. 	II, 

slide '1 the pebbles are of fine grained dolomitic limestone 

of medium grained quartzite in which the averaee claneter 

of grains is 0.16 an. The quartz snows strong strain 

shadows. In one pebble of quartzite is a grain of albite. 

lhe matrix is composed of 604 quartz and b0-A. calcite. 	'he 

quartz grains are very angular; about 0.5 mm. across; 

Calcite grains are interstitial. One small grain of micro-

cline vpears in the slide. 

Siliceous limstones arc extremely rare in the 

Fuglehuk group but beads of between 6 and 10 feet thick were 

noted on lidemosefeliet, near the central peak, and on 

Parnaseef, very close to the summit (on the west ridge). 

Since both these occurrences lie in strongly foleed over-

t:woof blocks it is not possible to saj-  just wnere in the 

succession they occur. Specimen 435 from Ruumosefjellet 

is typical - a speckled light and dark grey crystalline 

limestone weathered .0 a strong orange-brown colour. In 

thin section it sho.4s few signs of original sedimentary 

textures - a former quartzose band stews as a zone of inter- 



locking grains, pertly "floating" in tae recrystaliised 

carbonate material which is dolomite: 	the er:istal size of 

this leleter now averages 2 mm. 

Towards the top of the group in the region between 

eseiefjeliet and :Jargareefeellet and again - at amuch 

lower level in the group - west of ;cotiafeellet, ',:tiere occur 

thin bands of an unusual sediment. Tnis is a compact light  

or medium grey gritty rock, weathering orange-brown. Thin 

sections (570 and 571) show large grains of Quartz in a 

medium grained calcite matrix; the grains are up to 1 mm. 

in diameter, averaging 0.4 to 0.5 mm; most of them are 

single grains, a few are freEments composed of two or three 

grains, and some are fragments of mylonised quartzites. 

None of the grains are well rounded. There is a single 

grain of felspar, simply twinned. The matrix is larEely 

carbonate granules - with a few smell quartz grains - fine-

grained (average di meter e.1 mm), partly ecxstL1iec. 

Of the whole)  20,;e is quartz, the rest is calcite. 

BARLUTS GRJk. 

The group outcrops persistently in the area north of 

jcotiadelen. An examination of the maps and profiles 

immediately shows how immense 1 variable in thickness is the 

group. The rocks are almost all incompetent" and the 

group lies between two thick quartzite-slate eel-lee, 
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cidenee of misfortunes which has rendered the elucidation 

of the original succession almost impossible. The thickest 

and least distorted section is seen in north Barents4ellet, 

(profile A4) bxt isoclinal overfolding is intense and the 

prob/en is difficult even with the help of the 6" map (4. 

The succession is as follows :- 

0Vi4iTriiiiiST CA) lic„ 	.10 

B4. 	Dark grey or purple-grey slates and silty slates 
often laminated, with bands weethering to slightly 
different shades of purple grey and brown, presumably 
according to varying amounts of impurities 

This part of the groupnis lettered B4 on the maps 
and coloured purple-grey. Profile A4 illustraees the 
variation in apparent thickness - from Oft. to 
160Ort., at different points below the overthxust 
donqueror beds. Probably. the original thickness 
was exceeded something between 60Jft. and 1,00 ft. - 
but the top ca.:.not be identified. 

B3. 	A continuously fine grained series of slates, and 
subordinate siliceous limestoa-s, - weathering to a 
characteristic orange and green colour. The slates 
are thinly banded with slightly saltier beds. The 
thickness io probably from 1,000ft. to 1,200ft. : 
"B3" on the maps. 

B2. 	,‘ green quartzite band weathering greỳ-Lreen,  which 
varies in thickness in different limbs of die folda, 
from 3e feet to zero. 

81. 	About 440ft. of dark green slates, with severa.e green 
quartzite horizons in the lowermost 1.;011. - some of 
them with pebble b!.2,nes. A further 2oft. horizon of 
green quartzite at 20Oft. from the base is indicated 
on map F (on the lower part of parents 1;i; ridge). 

:Jr 

thie 
(The total thickness. of :earents Group exceeds 2,3Ooft. 

here). 
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In the Sutorfje13& occarca sevence of green slates 

ancT: ralartzites identical to tho:;e of numbers one u two of 

the barentsfjellet soccession. i'he thickness exceeds leitCAA1.1  

the ba se not being seen : above them lies the Sutor con- 

gloirierite. 	That; they are clearly part of the Barents group 
is ehown in more detail in the structural description - 

page 3• 	The conglomerate exeeeds,  40e)ft. in thickness, 

b.it is not uniformly coarse througnout. In much of it the 

pebbles are about 4 to 5 ems. across; occasionally blocks 

reach 2ft. Tti majority of the pebbles (8W;) are of pinkish 

qartzite when broken oden often shoeing concentric zones 
and leaching 

of weathering/( eg. specimen 1L9c..:./%). 	Next most common are 

fragments of green slate; the rest are green)  grey and 

brown quartzites ) 	sole veined ci ..4artz, and some light buff 
limestone blebs. 

The matrix (elide 139915) is composed partly of large 

glartz grains (very variable in size, averaging 0.8 mm. in 

diameter) and a .mush of green shale/ material. Clearly 

this component of the matrix, anu the numerous green slate 

fragments are derived from reworking of the beds below: 

deposition of this fine green material seems to nave been 

persistent. The fresh raaterinl - the pebbles an large 

quartz grains—have a far mare erraLic eistriboti on and were  

presumably supplied sporadically. 

In the northern part of the island, there can be made 

out, a striking difference in the successions, for in 



Bareritsfeliet only a few minor discoriformities occur )  

re)resented by thin conglomerates. The conglomerate of the 

;;utorfjella must represent a major int err upti on in sedi- 

mentation with coneiderahliworking of beds just deposited. A 
In the mountains south of Laurentaonfjellet )  eau as 

far south as the Barents group extends )  the rock e in- 

tensely distorted. 	The thickness varies immensely; on 

ii:onacofjellet for exanple in the middle limb of the anti-

cline it is 80ft.; on the crest it is 11160ft. 

A brecciated siliceous limestone formation described 

in the section "Cataciastic -Lffects" 	p. ietf. ., is identified 

as equivalent to part 3 of the barentsfjellet SJccesaion. - 

It persists throughout the area between ieurraybreen and 

3cotiadalen. In the mountains around 4)essieljellet a thin 

formation of dark green slates occurs - cut out by tnrustin 

to north ,nd south about 200ft. thick. This may be 

equivalent to da r t 1 of the northern succession. These two 

identifications)  . however)  are so ue what uncertain because of 

the intense distortions involved in the folding and 

thrusting. 

Slides of rocks of the Barents Group are numbers :- 

102, 108, 113)  110, 12'l, 14)  128, 202)  241, 2, 2D0 )  
335 )  406B, 407, 4c:51  562, 1150, 11b2, 1155, 1217, 12b4 )  
1253, 1312 1338 )  1356 )  1353 )  1362)  1365)  1333 )  21,V2. 



TAL VN4UOR 	 

Rocks of this group outcrop over very large areas 

of the island, north of Seotiadalen (laps A,b;C and F). 

The maximum thickness, 4800ft. is developed in the 

Charles anticline, west of the peaks south of ..:argaret4ollet 

(cross section C5). 	Since the beds are lying on the crest 
of a recumbent anticline this is almost certainly an ex- 

aggeration of the original thickness. 	Else,iinere, as a 

result of thrusting the thickness varies great ; on 

Conquerorfjellet itself for example, the group totals only 

13oOft. 

In the area of maximum thicknesz, LIUCb of the 

succesEion lies below the raised beaches of the west coast 

plain. 	On Barents jellet (Map 	however, the upper 

junction with the Scotia group is undisturbed, and the 

stratigraphy of the upper part of the Conqueror group j..t aa 

follows :- 

SdOTIA 

CV. 	10ft, shales. 
130ft. Shales with dark quartzite bands. 

CS. 60ft. quartzites. 
C7. 	40ft. shales. 
C6. 	60ft. dark quartzites. 
C5. 	30ft, Shales with quartzite bands. 

C4. 	60ft. dark quartzites. 
C3. 	20ft. shales with light quartzite bands. 
C2. 	40ft. grey quartzites and conglomerate bands with 

pebbles up to 3" across. 
Cl. 	900ft. black shales, with occasional light. quartzite 

bands - two wnspicuous bands, of 2Uft. at 
290ft, from the base, and 10ft, at 61)ft. 
from the be. 
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The thickness here totals lab-Qft. 	erhads tout 

35Ouft. are missing, bat lateral changes ih the thicAness 

of this group might well occur; they could not be discovered 

because of the structural complications. 	Cross sections 

A5 to B3 ill ustrate the variable thickness the (.onquerer 
group displays in the upper structural unit. 	'4owhere 

in this unit does it exceed 250Qft.: but it is always 

apparent that some part of the succeslAoh is cut out by 

thrusting. 

'dhat is )robab3,y the lowest 11i.ft. oi th SUCCSSS1Ofl

is exposed on the Western slodes of the hills west of 

Alfredbreen and ilagcabreen 	AhC lithology is exactly the 

same as on south barentsfeliet - thick zones of slate and 

quartzite alternating. 	.1 -Abor Ca of the barentsfellet 

succession (90jft. of slate with very little quartzite) ia 

not present, and is probably much higher in the suceession 

than are these rocks. As profile C5 shows, a traverse up 

the hillside is equivalent to a traverse down the succession, 

which is as follows 2- 

200ft. Dark quartzites with frequent intercalation* of 
black Shale. 

100ft. Intercalated black slate tind quartzite. 
350ft. At the top, alternating q,lartzite and shales, be- 

coming more quartzose towards the base. 
20ft. bassive quartzite. 
200ft. Black shales, with a few qual'tzite intercalations. 
20ft. Massive quartzite. 
10ft. Black shales. 

150ft. Quartzite, with shales inercalated. 
&Oft. Shales, with a few quartzite intercalations. 

GROUP. 



it is almost certain that s. great part of the top 

of the j.3arents Group is missing, and probably)  therefore, 

the ecession above does not reach down to the lowest bads 

of he Conqueror group. 

On Conquerorf,;ellet both the upper and lower liis 

of the group)  are dislocations - profile C?. The general 

lithology is exactly similar to that, developed eisedere. 

On the sammit o conspicuous 12ft. bed of conglomerate occurs, 

and about 2Qft. lower in the succession, an unusual cal- 

careous grit is found, 3ft. thick. 

The conelomerse is typical of several conglomerate 

horizons noted elsewhere in the group. ?ebbies average 

2 to 5 em. across, occasionally are as large as 11/4")cm.; they 

are well rounded, all of quartzite. 	In elide 63bo the 

pebbles are seen to consist of fine grained quartzites - 

containing a few grains of plagioclase and of siderite (alter 

dolomite?) : 	the average grain size is 1/4..1 mm. The matrix 

is coarser, grains areraging O.2 mm. in dia.neter ant reach- 

ing 1/4).4 mm. ; they are note very well rounded. 	c„;.uartz 

makes 964i of the rock; Alie is of doIimite, whien in tne 

matrix is seen altering to siuerite along grain boundaries 

and twin planes. 338 is a conglomerate from west Barents-

fjellete The pebbles locally reach 9 c-a. in diameter, bat 

are generally about -1- to 1 c.41. across in the thin section 

cut: 	most are extraordinarily angular. They Consist of 

fine grained quartzites - com;;letely recrystallised and 
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seen to be greatly strained under crossed nicois; medium 
grained quartzites - little strained; and limestone - very 

fine grained and pure - in which slight variations in coarse-

ness (in the region of 0.05 mm) indicate bedding: the 
iPetvys:eadheed. 

limestone is of calcits4n part, forming crystals of 0.1 mm. 

The matrix consists dominantly of well rounded quartz grains 

(up to 0.6 mm)  svemging 0.4 mm) and dolomite grains)  

largely recrystallised around the quartziegeigrains)  but 

probably originally averaging 0. mm. to 0.4 mai. in dlafteter. 

Carbonate makes 504 of the matrix. 
The quartzites are dark grey, gritty - textured rocks; 

they weather grey or an insipid brown. Slides 569 and 2$2  

are fairly typicl. They contain about 	of argillaceous 

mzterial - the rest is quartz)  WILLI occasional grains of 

plagioclase and schorlite as accessories. The matrix of 

In is very fine grained - two thirds quartz, one third 

clay; possibly carbonate uaterial is present for there is 

some iron staining. In this matrix lie beautifully rounded 

grains of quartz (ud to 0.4 mm) mostly single grains)  a 

few ceme:Aed together: 	there are only occasional signs 

of strain in the quartz. This sediwant is probably a re-

Worked quartzite and may well have been derived from lower 

peirts of the Concrloror gro.lp itself. The characteristic 

presence of argilladeous material is a sign of poor sorting: 

this is the stronrest and most significant point of differ-

ence between the rocks of the C rlqu.ror group and the 

Fuglehuk group. 



The 	are black, and weather black or brawn. 

In thin section (eg. 1351) they snow very little - tiny 

quartzite grains in exreely fine rained clay material, 

showing bedding. 

in contrast tu the Fuglehuk group gradations betweeli 

quartzi e and shale occur in the Conqueror group fairly ex-
tensively -= dark grey si lty, lamina Led rocks . 

Of the unusual rocs occurring in the series, the 
calcareous grit of Conquerorfjellet has already been men,-

tioned. It is a dark grey rock, weathering brown, with 

quartz grains stanoin: out on the weathered surface. 	in 

thin section 637 the matrix is seen to be recrystallieed 

calcite in which lie fairly well rounded grains of quartz, 

occasionally of plagioclase, and a few large fragments of 

quartzites - containing plagioclase. The quartz is very 

strained. throughout. 	The ampositLon is 1/44 quartz, 516;e 

calcite and about 	of siderite after doloinate. Very 

similar rocks occur extensively in the area of the udper 

structural unit, in the uppermost 100ft. of the Conqueror 

group. 

An unusual siliceous limestone (speci.mon 1329) occurs 

north of Laurantzo:ljel.iet on the strip of rocky ground be-

tween the two large lakes there. Ten feet thick, lying 

between quprtzite herizos, it is 6 carbonate, 40,. quartz. 

The horizon is just above the junction with the LurecAL.s 

Group (a slide) seen in elle centre of profile .L2. 



Slides of rocks of the Oonqueror group are aunibers ;- 

192, 333, 493, 559, 603, 609, 63t, 637, 972, 1321, 1328, 

1339, 1351, 1397, 1398. 

TL t; SW.elA tinuUe. 

This group outcrops extensively north of Seotiadalen, 

especially in two areas - the great syncline of Taylorfjellet 

and the mountains just soith, and as a strip running obliquely 

across the island from Dyerlagunal through Scotiafjeliet, to 

the north side of 3cotiadalen. 

The top of the group is never seen in the northern 

Ayneline, and is cut out in the Southern outcrop by a great 

overthrust carrying this group onto the Fuglehuk group. The 

maximum thickness definitely.  seen in the northern syncline 

is 3.903ft. 	,est. of Conquerorfjellet the Thickness is 

5800ft. but repetition by the thrusting, and thickening in 

the core of the (.:harles anticline may make this figure too 

high an estimate. Clearly, however, the thickness exceeds 

4000 feet. 
There are very rapid alternations of shales and black 

limestones in the group, and a detailed succession - would be 

very difficult to measure. 	In addition much of ehe detail 

on any traverse is lost, for the rocks disintegrate into - 

scree very easily. 

In the northern syncline the group falls into three 

parts, an"upper part and a "lower part" on either side of 



a tbrmation of black slates 50Dfl. 

At the base of the group -the special facies developed 

at the junction with the Conqueror group is remarkab - per- 
sistent over the area of . 	A and the northern part of Map 
B. 	The junction is clearly' seen in several places on 
south Barentsf i;ellet, north ilalfourfjeilet and -Leefeliet 

for example). Above the slater top of the Conqueror group 
lies a zone of calcareous grits about 10ft. tic — dark 
grey rocks weathering dark brown, with quartz standing out 
on tho weTzithered surfaces . 	In thin section. 310, from north 

1fIrfclist the grains are seen to be quarts)  angular 

and intensel cracked)  in a recrystallised mass of Coloalite 

under very low illumination the outlines of the original 

detrital carbonate grains show up. Tne average grain size 

is 0.8 mm. and 0.6 atno• quartz an6 carbonate respectively. 

The composition isOi'J quartz, 4:50- dolomite. 

On Leiliet shales of be Conqueror group are 
followed by-  10ft, of cci -.Lomerates, 20ft. of black Shale, 

4ft. of of)nglomerate, 15ft. of black shale)  and then 5ft. of 

enIcareou grit similar to the rock described fromBalfour-

fjellet. 

These congloiaemtes are coTiposed of pebbles of qarzi  

up to 7 ems. in maximum dimension, set in a fine grained 

carbonate matrix with .a small amount (about j) of fine 

quartz. The pebbles (slide 1331) are of rather t dirty' 

(i.e. argillaceous)- quartz sandstones - exactly like those 
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of the Conqueror groad below. 

The calcareous grits suggest reworking of sediments of 

the Conqueror group, while fresh detrital carboate material 

was being added. The conglomerates of Leef,ollet are more 

draLtic indications of the eame oonditLons, 	two series 

are disconiormable, and erosion of the top of the Conqueror 

grolp preceeded the formation of the Scotia group, and pro-

vided asterial for the basal part of that group, At the same 

time the composition of the detritus brou t into this area 

of sedimentation changed markedly. 	The dominant role of 

quartz was taken over by carbonate. 

The lowermost 600ft. of the Scotia group consists of 

black slates, with occasional thin beds of limestone and 

Eritty limestone making about one tenth of L.ilk3 equence. The  

limestones are always blac or very dark gre,i, And often 

oolitic. slide 347 from Barentsfjellet for example, shows 

dolomite oolites averaing I sze. in diamtei., in a calcite 

matrix too fine to resolve even under a high power obeetive. 

i;iany of the ooli'As have very smaJi. (silt, grade) quartz 

grains at their centres. - Others show rings of a dust of 

aathigenie iron ere - magnetite, or possibly dyrite - 

surrounded by a farther zone of carbonate groA..n. The 

composition is 9C24,,  carbonate, Le quartz. 

Slide 354 from south Barentsfeliet snowt large clots 

of carbonate grains and smaller sii.4zie ciJartz,ite grains set 

in a very fins carbonate matrix. 	iis and the rock. 
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described .4)ove clearly indicate sedimentation in very 

sallow water wnditions, with reworking and much chemical 

Oepipitation of carbonate material. 

The incidence of oolitic limestone dies out upwards )  
and the rest of the 'lower i;)E3:1,' of the group consists of 

black slates with thin bandit (six inches or more in thick. 
ness) of black, cryptocrystallina dolomitic limestone. The 

slates weather black and w ite, the limestone a soft grey. 
Limestone c ,)robnbal make up naif to a tnird of z‘he suCCesS- 

ion. 	'Ire,71:lently they contain blebs anthayera of evert - 

invariably cryptocrystalline and standin4z out a conspicuous 

jet black on weathered surfaces. The blebs rarely exceed 
2 cm. rA maximum dimenaXon; art are often, Ceti not always, 

aligned parallel to the Ueddinc of the limestone. 

T.he centrl sia ,„;e form.ati.in  lies about 2.1vft. above 

the base of the. grop in the Taylerf,jellet-'Jtairiaogdene area. 

The thickness Is roughly o.,Jvft.- the rocks Lein black elates 

only. 

The upper part of the group is lithologically similar 

to the lower part, Black slate and extremely fie black 

limestones alternate, the latter being subordinate in auont. 

 limestones throughout are too fin-rained to resolve 

under high power - and their mposition can only be assess-

ed where they are seen recrystalliaing in patches. 
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Slides 16'66 and 13C7 (actually from the southern outcrops 

serve to illustrate this well. 	(.ki;. crophotographs, plates 

and b ) 	As diagram i shows, they are from the same 
thin bed of limestone, 3 inches apart, and it is clear that 

l367 is the result of recrystallising the material of 1866. 

The composition of c;he cryptocrystalline limestone is so 
determined. 

The lithological developent of the group in the 

southern outcrop, w‘nich includes 3cotiafjellet itself is 

identical to that in the north. Again a three-folc division 

is alacernible, and the rocks of the 'lower' and lup,Atr parts' 

are very similar in the two areas adart from the occurrence 

in the south of rather larger chart blebs reaching up to 
a) ems. in maximum dimension.any of the blebs are oval, 
but some very irregular ones ougg est that not all of this 
chert is of primary orii4n. In thin section the chert is 

cryptocrystalline but in it can be seen numerous small ;tom s 
of dolomite. In the lowest hundred feet of the group on 

Scotiafjellet, a thin band of the very fine grained lime-
stone shows snail scale current bedding. 

Though the 1 1.2„)erl and 'lower parts' seem to conform 

well to the northern sequence, the central slate division, 

though still of slates, shows some minor differences. The 

lithological divisions were mapped in detail in the country 

between Otmondryggen and Conquerorfellet, mainly to de-

monstrate the effects of composition on the formation of 
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Chloritoid. However, they are of interest also from the 

strEitigraphical point of view, since they almost certainly 

indicte c. chance in facies from the simple black : riates of 

the north. 	Diagram 9 illustrates the distribution of the 

divisions. The total thickness of the central part of the 

group in the south is re,00 ft. 

Slides of members of the group are numbers :- 
3108, 
974, 

313, 
1001, 

3478, 
1033, 

3531  354, 418, 419, 447, 460, 
1058, 1213, 1317, 1337, 1396, 

462, 963, 
1866, 1867, 

1944, 1945, 1946, 1947, 1948, 1949, 1950, 1951, 1952, 1953, 
1954, 1955, 1956, 1957, 1958, 1959, 1060, 1961, 1962, 1963, 
1964, 1965, 1966. 

THE. naKIk; GAWP. 

This group occurs in a small area on map 13, West, of 

udmosefiellet, thrust into the core of the Wlaries anticline 

(profiles B to 7). Its relation to the other groups is 

not know. 	The total exposed thickness is 2950 ft. but 

the position of the beds, in the core of a. folds  suggests 

that the original thickness may have been less. Aowever, 

the bees below the pinkie group are never seen and the top 

of the group is probably cut out here by thrusting. 

The succession developed on Veslefingeren is as f011ows:- 

‘)VadAUST C014.4dishOlt 	e4liewea. 

5. 	760ft. grey quartzose silts, weathering brown: more 
quartzitic in the upper pal..ts: one thin con- 
glomerlte band, - 70ft from the base. 

4. 	80ft. light grey quartzite. 
3. 	480ft. dark grey siltstones sad black silty siat.es, 

weathering grey. 



2. 	ift. fine grey quartzites weatnering brow;l; anc one 
thin conglomerv,te band. 

1. 

	

	1500ft. lit to very dark grey siltstones, ocasion- 
ally more quartzitic; they weather brown. 
A1i NQT 

Thin sections show that some of the siltstones aie 

calcareous, and oect.:sionally oval blebs of carbonate, about 

2 cis. low, are 'sweated out' from the surronding roc, 

lice 1373 and 1375 are typical of the siltstones. 14-

crystaliisEtion has destroyed all original sedimentari 

text,Ires (part from bedding). 1375 shows carbonate re-

placing quartz extesively. both contain fairly large 

amounts of argillaceous 	erial(abuut 34): of the rest 

carbonate makes up 8 of the rock in 1273, over 4 in 

1375. 

On the spur, south-west of Boureef.jellet, a:.a height 
of 1430ft., occurs a lens of quartz-magnetite schist about 

20ft. thick, below which lie 60ft. of green-greyyiii-tes 

and smashed black slates. These are separated dram the alain 

outcrop of the 11.-nkie group b a tnick formation of slate 

breccias, taken to be part of the Scotia grav-gataclaS-

tically deformed and thrust out of llama/ sequence. 

The quartz-magnetite schist 	associated rocks are 

thus not likely to be part of the iikie group, nor can they 

be ascribed to any other group: 	this is however, a conven-

ient place to mention then. 
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Thin eecti 3 riE 126o, i67, 1268, 1389, 1370 and 1371 

were iliade in the hope of discovering the origin of the 

quartz-magnetite schist. The associated rocks show little 

of interest- only a minor amount of metasomatio replacemeiit. 

is seen locally in specimens just below the Magnetite hori-

zon. The latter in section lE seen to be illuch recrystallis d 

it is co:vosed or 4O quartz and nearly6o,.. magneti LO with a 

little siderite (2$ and argillaceoas aa-,Ler (2). 

It seems likely that it is the product of metant-r hism 

of an unusually iron rich sediment, but it is impossible to 

come to any more specific conlusions. 

Th Lail  GA0 

Thrust within the core of the harles an t. ici1ne in 

the region of Lagdabreen and Alfredbreea, are a series of 

rocks whose relation to other groups is unknown. the se-

quence in itself is evidently much distorted, and further 

complications arise from the fact that the rocks lie partly 

within the belt of Terti ry faulting. 

No very coherent succession ca: 1 be ;uace out. On 

'Backbiter' a series of dark fine grained lime mudstones 

and black slates, lithological)1y identical to t..tie rocks of 

the 3cotis group, occur in the core of the anticIll-ie 

(profile C8) . 	The th icness is over 60.Jft. 	Another lens 

of these rocks occurs on the rice making the west wall of 

klfredbreen; 	they presumably follow the upper limb of 
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the anticline eastwards from the ridge - in mid-air as it 

were - to be brought down to present topography in he down-

faulted 'fertiary belt of 6esshogda. They run as a formation 

about 400ft. to 450ft. thick across the belt of faulting In 

the position shewn by the dotted lines in profile C6. The 

beds are almost certainly ?art of the 6cotie group'  out of 

position as a result of tnrustiag. Further north, the 

Scotia groap certainly occurs in an exactly similar struct-

ural positions  Urofiles BILL to l'a), but tde various roc 

here apparently asaaciated with them do not. The identifi-

cation is not auite certain and it has been thought wiser 

to consider together all the allochthonous rocks in the core 

of the anticline in this Alfredbreen-agdabreen area, and 

mark them simply as one group on the map. 

Iaaet of tde ;icotia-type rocks in the core of uis fol 

of Alfred Larsentoppen lie a series of 500ft. of black elates)  

180ft. purple slates, 400ft. very fissile Green slates, 

200ft. silty green-grey slates)  followed. by .Lo0ft. of silty 

slates, brown and black in colour, mostly weri. brown 

towards he lower part, black slates are more prqminent. 

Within the belt of faultiag on Geddeefaeliet occar 

similar black slates)  some green slates, compact green 

silty ciaarzites, and finely bander silttonesi  dark grey 

and brown. 



.cauce of the co.-Ifasion within this rather artificial 

and its allocthorlola•positiou - isolated frQ4 the 

coherent alccescion of the: main gipe - no in. tJectlone 

have beer:. studied. 
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SOUTHERN UIVI3IA' 

pi* GORDON OR3UP. 

coe'ke of this group are structurally the loeest 

eeen In the southern ranr'e area, outcroeing only eeeth 

the fault through the vall,e north of Hennayflellet, 

in the core of the great southern anticline. 	The rocks 

occur ee a. strip along the coastal exeosures of 

Urucebuta, and on the lowest carts of the ridges 

stretching far oet to the enrit from the southern ranFe. 

(Maps C and A) 

The base of the group is never eeen; the maximum 

observed thickness is 3300 ft. In the area °not of 

Hardieflellet. The Oeikiebreane and the raised beach 

deeosits prevent the measureTnent of continueus sections. 

At the top of the group east of Hannayfjellet are 

130 ft. of very pale grey, compact crystalline limestones # 

weathering a darker grey where nearly rere, or a sliehtly 

brownish huff in bends where the silica centeet is greater. 

Differential weathering leaves the quarts*** grains protruding 

on the surface and rives a '- ritty texture; thin siliceous 

laminae thus stand oet and indicate bedding. 

In thin aections 8801 and 88011, the composition is 

seen to be r.1!ti74rtz 10, 131137ioclase 10;,, dolomite 80%. 	In 
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tLe recrystalllsed matrix of doloTite the cry.ntale now 

vary from 0.7 to 1.2 rm. in diameter, encTosing rounded 

detrital grains of an average diameter of 0.4 mm., though 

3re are as much as 1.3 mm. 	The 1prrer ones are of pre-

existing quartzite - each frarmnt consisting of several 

quart-1.46e- grains showing. strong 'atrainpolerisation' under 

crossed nicols: smaller gralus are of quart:24+e often 

etraAned, an of detrital plagioclase; the quartz and 

some of the plagioclase show many small. inclusions. 

No ar7illaceoue material, or *n ore, is rresent. 

Slide 879 is rather similar; here the mainly dolomitic 

matrix ETain makes 80.. of Vhe rock, but there are many small 

grains of 0.2j to 0.4 mm. In Charaeter in addition to the 

larger recrystallised grains, of 1 mm. or more. 	These 

small carbonate grains may be detrital. Me rest of the 

rock 	Is almost exclusively quartz - more irrular 

than in slide 88u, averaginp; 0.5 to 0.4 1m. across. 

There are only one or two detrital grains of plaioclvse. 

Below these limost,men 're a aeries of at leaRt 400 ft. 

of calcareous phyllites and silts - some black and lustrous 

weathering dark brown, but mostly light or oediot grey, 

weathering to a browny-prey. 	They are freuently pyritic. 

The raisod beaches cover t's rest of the 01.7ccc4111 



except for the coastal exposures which represent horizons 

about 600 ft. below the top of the series. Here la an 

apparently thick series of d77,.rk Frey - alflost black - 

silty lineetones(very _often pyrit4e).in pert they have 

recryetallised and axe veined by calcite. 	3urfaces 

T ether white, or a light dusty brown. 

Very-  similar rocks are seen at Gordonpyn,en, that is 

about 38.00 ft. stratigraphically below the top of the group, 

They ere lost below the raised. beaches south of this point, 

but the calcareous and silty phyllites above them outcrop 

on the lower slopes of te 130j ft. hill 1•4 miles south 

of nordonpynten and are surmounted higher Up by the lime-

stones of the top of the group, hero again about 100 ft. 

thick. 

GEIKIX aR0U2, 

Lying above the gardon group, this series of rocks 

crops out on the eastern ridges of Hannayflellet and 

Neukfiggen, an0 0_so in the strip of country south of 

Geiklebreane. The group becomes consideratly thinner 

towards the southern end of the outcrop, being only 1,440 ft. 

thick on the hill, 1,3.0 ft. bi7h, 3 of Hardieflellet. 

The maximum thickness of the group is ),600 ft. reacherl'on 

the ease ridge of Neuk#IFgen, but the lunetion with the 



errier greue above la complicated by feeTtin7. 	Details 

of the upper eert are therefore teken from. observations on 

the et ridge of Hannayflellet. 

The eroun conetsts essentially of monotonous 

alternations of two rock types - calcareous schtsts, and 

limestones proper. 	The lowest 100 ft. is compose0 

largely of banded. sTabby Frey schists, with a high carbonate 

content, in which ere a few bands of limestone - lieht groY, 

silieeous, with a little mica: the siliceous bands weather 

out differentially to Indicete boadin7. 	Mere follow 

1200 ft. of fissile calcareous echists en6 slabby nchists, 

more siliceous, but still with a carbonate content of about 

10e. A sequence of grey, gritty limestones follows, about 

380 ft. thick, in which are seen occasional thin hands of 

calcereous ncbists. 	In the following 85o ft., calcareous 

nobesee end limestones alternate, the lfAter heckylin 

dwrinant In the unper pnrt. 	The hi4est 1) ft. of the 

,,,,Jup again consists of et rnatine limestone and schist 

zones but the averse.) thickness of each - about 30 ft. - is 

rather greater here than lteeer in the sequence. 

glide 760 is typical of the calcareous echists reins 

composed of 4. carbonate, 40 quartz and 2O, mica. 	Uttle 

of the sedimentary texture reeains. 	.l 1e $77, of the dark 



grey 'limestone, Shows 10/,  quartz and 9W celcite; with 

very little sleaceous materiel. 	Layers of a fine dust 

of Iron ore, probably pyrite, delineate the be&1ng. 

Thin lection /80 is typical of the more quartzose schists: 

quartz makes 70A of the rock; mica 2 	carbonate about 

10/,. 

Of the whole successon, about one third. is comosed 

of limeetone, 

Te :a731e1J.Vre.  

The rocks of tele group, covering e. leree area of the 

southern range, are lereely fissile grey calcareous phyllitee 

with subordinete slabby, calcareous quartz echists, pals - 

brown or grey. Essentially they represent a very Incom-

petent series of rocks which are stronely e_fected by small 

scale folding ane thrusttng. This fact and the small 

range of variation in lithoioy, melte it quite impossible 

either to subdivide the group into parts, or to estimate 

accurately Its true thickness. 	The apparent thickness, 

imoring repetitions by folding and thrusting, reaches a 

maximum of 4,450 ft. in the region of Doddsfjellet: the 

top of the croup is never seen. As well no the main rock 

types mentioned above (eelcareous phyllites and calcareous 
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quartz schists), there are occasional bands of quartzites 

and black phyllites, with little or no orbonate material; 

very rarely there occur siliceous limestones. 

Thin sectims of members of the 7roup are numbers 

738, 794, 795, 220, 821, 1478. 	Recrystallleation and 

shearing have destroyed original textures and made it 

impossible to assess -rain sizes. 311es 821 and 1478 are 

characteristic of the papery calcareous schlata - with 5W 

quartz, 50% carbonate, 20 mica in one glide, and 5O. 

quartz, 45% oarbonnte, 	,lica in the other. 	Plavioclase 

schorlite and magnetite are accessories. 	311de 820 is of 

the ela,.Thy, more quartzose schist which lakes on about one 

qu.?rter to one third of the succession: quartz 8o,•, 

•f;olomite (alterinF to siderite) 12, biotite 	;nide 

795 is one of the less usual rooks in which the carbonate 

content falls to about 521 quartz makes up 55; , mica 40, . 

311de 778 represents a typical Quartzite - and shows less 

recrystaillsstion than in most sp4cimenst grains of quartz, 

averarrin 0.2 mm. in diamef..er, constitute over 90i, of the 

rock, interstitial carbonate grains, silyhtly smaller than 

the quartz grains account for 5/4 mica makes up a little 

over 1,and albite and schorilte are rreuent as accessories. 
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TUT. IaACh;FJEN  

Thin im the croup of rocks which lies beteeen the two 

rreet thrust planes of the southern rnne:e. 	Their outcrop 

rune na a strip from acotiadalen to Methuenfjellet. The 

seriee of epidierites sheen on marls C end D lie parallel 

to the beddin,e and nerve t indicete at a glance the way 

in which the thrunts cut across the sequence of the eroup. 

Thus, the lowest beds are seen in the valley between 

Hannayfjellet and JohansenfleTlett the hiehest nre seen 

on the south nice of 3eotiadalen. 	The npparent thickness 

of the erour Is 4,400 ft. bet tieieis likely to be some 

repetition by thrustiw, so thnt thin figure may he lerger 

than the true thickness. 

The lithology le very uniform througheut. The 

dominant rock-type, making up about four fifths of the 

succession, la a semi-pelitic sclAst (slebby or frie'e 

according to the nmount of pelitic material) ritlr: about 

10i of carbonate material, The rock weathers to a very 

cherneteristic lirtht brown. 

1490 and 1494 from Hardiefiellet are typical of 

these rocks; reerystallisetion hns, of corree, destroyed. 

all erte,inal sedimentary textures, but the composition is 

aeen to be 6‘34:. quartz, 3C-0,  politic metertal and. from 5 
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to 10;, ,arbonate. 	As accessories there are small amounts 

of marnetite (eatiy ecayed) and a little plagioclase. 

re y, the carbonate content reaches 50;-, producing 

slabty siliceous ltmestones usually buff-white in colour; 

intermeOiate ades of calcareous semi-pelitic and 

calcareous siliceous rocks occur. 

Almoot pure limstones ec, occur, :iz; ocen2iona1. bane, 

but there is nothing aroroaching a pure qurtzite in the 

aeries. 

193 NRIZON 1ROUP. 

Above the bli7ber o1 the t,70 great thrusts of the 

aouthern range, lie two series of rocks, of Which the lower 

constitutes the Nelson group. 	The base of the group is 

never exposed, the apparent thickness of the beds decreasing 

northwards from n laximum of 4,600 ft., west of ielson', 

until they re cut out altogether by the thrust. 

The rocks are a uniform series of slabty, grey, t7TAnly-

handed silts and 30M pelitic rocks, mostly with a small 

amount of carbente material. 	The latter component has in 

icon 'separated out' durin7 metamorphism into oval blebs 

ad. patches. 	These rocks form the great sla"he which 

comprise the steep western facos of the mounttins. 
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Oceeslonal slabby quartzite band occur - theme are grey, 

never eure. 

The lowest part of the succession la seen in the 

wedge shaped area lettered 1' in Map D. 	The lithol 	is 

similar to that of the rest of the series but there is en 

unueual form:Alen of very fissile black slates, 120 ft. 

thick, al.en7 the top of witch has been mapped the line of 

demarcation between N' and the rest of the group. Strat-

igraehically this divinion is not particularly significant; 

the line was mapped. to indicate clearly the way in which the 

t'erust cuts across the beds of the Nelson group. 

TuE Ismax anoup, 

To the west of the mountains of the nouthern range, 

unilarlying the reload beaches of the plain, Peachflya, and 

outcropping along the west coast southward from Kerrlaguna, 

is a very thick series of rocks which mnke up the Kerr group. 

They are poorly expoed in the raised beach area, though 

pnrtlat traverses can be made, across the strike at several 

p1 -tees. 

The thickness of the rrou apparently exceeds 7,300 ft., 

calculated from the avere7e die of 75°  71. and the with. of 

the outcrop (not including the width of t+re- Kerrlaguna itself 
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where there are no exposu 	). 	The Ihighents  (i.e. 

westernmost) pert of the sequence outcrops along the conet 

weet of Peachflye - a series of black slates, brown 

Weathering; dark grey limey silts, weathering brown; 

occsaionel pyritic derk quartzites; end a. mass of grey and 

green phyllitee t w?lich cblorttoid develops abundantly. 

77uether inland, about five or six hrenOred feet lower 

in the succession, are further dark quartzites and dark, 

limey, quertzose elite. After a gap of 4000 ft. the 

lowerleat 1900 ft. of the succeseion is seen to consist of 

black and, dark e:ray elates - brown weathering; green and 

grey phyllites - often silty; clerk grey, fine-grained, 

slabby quartzole silts brown weetherleee; and occasional 

banda of grey quartzite ane grey elliceons limestones 

wMch wf4atIler lleht brown. 

Near the bale of the group west of, 	 jet are  

fine-grained lime mudetones (slightly Iliceeus) and some 

very yrtt1c blscfr limeetones.. 

From those fragmentary descriptions it must be clear 

that it is not possible to give any eetalled succession for 

the group. 	The rocks of Forlenesoyane ere:' the west coast 

soeth of the fault running oblIgely ncroo the island from 

jut north of Urmatonholmane, huve 1-:?een meeeed. as part of 
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the Cerr (7;roup in view of the presene in the Forlandsoyn e 

of a thick series of green and grey phyllites st7,11ar to 

those of the cot west of Peachflya, 	if.• a series of 

dark quartzites and SItes makin r the lelnes nearer the 

shore. 	This su7rested dAstribution is crtlistent with 

the small displacement of the fault re' e to above, RS 

seen in the well exposed mountain area 

THE PEPSIS GROW'. 

The precise relotion of the rocks of the far south - 

Persiskammen an(7.aifjeilet- to those of the sovthern 

range is still unknowl. In the intervening area of 

raised beaches, FOrlandeletta, ire fewer than a score of 

outcrops, all of limestone too much broken up by frost to 

allow the attitude of bed,:71nF,, to be seen. 	Coastal 

exposures are very scanty. 

The sequeAce on. Porstakamilen hr-,s bue.i split into 

four parts lettered Vi to 4 on the map (T),  V4 being, the 

1117hest. 	The succession is as follows:- 

V4 	AO ft. Black phyllitas, and occasional banns of 
more siliceous, black, semipelitic rocks. 

V3 	120 ft. Finely-ban,3ed grey siliceous 111101,3tonel 
siliceous bands, generally about 1 mm. thick, 
weather out differeatielly. 



240 ft. in1y dark grey Quartzites calcareous, 
pyritic, weathering black. 	In the upper 
pl-:rt a few tntercalations of 11;7ht grey, 
finely crystalline limestones, slightly 
siliceous, weathertng grey and white. 
lide 676 is of a thinly bedded rock in 
which lile-rich anJ quartz-rich bans 
alternate - the proportions of these two 
Ponatituents ranging from 95; quartz 5X 
carbonate, to 5  quartz 95e,  carbonate. 

Vi 475 ft. Park grey mica schists, weathering brown; more 
quartzose in the higher pert of the sequence. 
Thin light erey limostone bnnds. 

Total thickness 	895 ft.  

T1$4,4FJNI44.441!  

outh of the fault which sepnratea lersiskammen from 

;Lialfjel et is a aeries of rocks which must total. aver 

9000 ft. in thicknes-1. As eU 8 f3lrly good exposures 

in the mountain area, it is posAlhle to trace boundt,Aries 

over the raise( beach Berea where sharp differ7,nces in 

lithology ire reflected in surface features. 	The lines 

delineating the parts of the group lettered 11, £2, 46 nnd 

Z7 -Atere mapped in this way; but a detall-• success Ion 

withIn these parts of the group ceuld. not, of covrse, be 

measured. 

The central.section la well exposed, the sequence 

beinF as foil owe- 



Z5 1550 ft. 4a.inly grey mica sehists, weathering dark. 
grey; occasionally green bands in the lower 
part. 

14 3200 ft. 40 ft. black, banded limestones, fine-grained, 
partly dolomitic. 	In thin section ((87) seen 
to be composed of roughly 90f carbonate, 3i,  
quartz, 6/.  pyrite, L muscovite. 
150 ft. quartzose sohiet,s. 
50 ft. dark grey and green mica schist, the 

latter sliver weathering. 
100 ft. quartzose sohists. 
30 ft. black, banded limestone, as above, the 

lowest 20 ft. more finely grained. 
120 ft. quartzose schists and quartz schists, 

slabby, weathering -brown. 
2700 ft. thick uniform series of scabby dark 

grey, finely banded limstones, pyritic, 
with some 117hter coloured. hanOs. At 
100 ft. from the top is 20 ft. of mica 
schist, and thin bands are also inter-
calated. lower in the series. 

13 900 ft. lrey impure micaceous limentones weathering a 
1.i7ht grey, occasionally yellowish. 

The relation between the rocks of the Salfjellet and 

Perste rrrouos is impossible to state. 	The Persia sequence 

may mJ  1. be equivalent to that part of a1.f jellet J'oup 

covered by heach Ceposits, either hipher or lower than the 

exoosed eentral portion detailed. above. 

This sequence in the far south of the island is not 

equivalent to any part of the succession in the southern 

range. 	::hoter the bees of Perstskam-ien and Salfjellet are 

strstigraohically higher or lower than the extreme limits of 
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the soutiT&,rn range is not known. 	It is even possible 

tht)t they represent a series of strata wLich are cut out 

in the southern rerv) by thrusting. 
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RECAPITULATION  

The stratigra, .y may be suminnr 	 form 

thuss- 

NORT/LEFIN 

1244. 	3aotia group 
N3. Conqueror group 
11'2. 	Barents group 
NI. 	Fuglehuk --rroup  

DIVI5I014  

> 4,000 ft. 
7 4,800 ft. 
2,300 ft. 

> 4, 	ft. 

TOTAL 	15,45100 ft..  
ilnkte 7roup > 2950. ft. 	Lpren group > 28 ft. 

TOTAL FOR NORTITERN 	> 20,00 ft. 

3o4TRERN IV1SION 

33 . 
s2 . 
31. 

Ferrier group 
Geikie 7roup 
Gordon group 

? 	>4,450 ft. 
3,800 ft. 

>3,300 ft. 

- certainly Oft. 

TOTAL 	)10‘100 ft.  

Kerr group 
Nelson group  

>7,00 ft. 
> 	,600 ft . 

TOTA   	 • 

aclIer‘ 	i'oup ? > 

eraiB croup 

Salfjellet roup 
	

ft. 
.1..•••••••••• 

thickness of Southern Division: 28,500 ft.  

- taking only thoGe parts of the euncer3nions which could 
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not possibly be correlated, i.e. ignoxin rocks of 

incompletely exposed.. areas, such n3 ellvizioile 	..2, 

and.. Z7 of the 5e1flellet 7roup ant . so on. 

Acceptlir the unlikely possibility that the Laren 

71,01):21 	the :Kerr 7roup are the same in prrq,t, the 

minimum thicTraez:i of the. Hecla Hoek formetton on Prince 

Charles Forelnd I 	ft- 

Discussion of the stratigraphy in a regional setting is 

deferred to Chapter V, when the development of the Hecla 

Hoek formtktion elsewhere in 4pitsbergen is reviewed. 



BASIC INTRUSIONS  

A serie!7; of sills was intruded into the sediments 

before or nt a very early etae in folding and metaor*tisrA. 

It would be pleasing to describe them at this point, but, 

since they have all subsequently been intensely sheared 

an0 altered, their original state can only be thferred. 

from a study of relict textures. 	The subject ta 

therefore dealt with in Chapter IV: letamorphism - 

(The Epldioritesd  - pare 

85. 
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1.liagram lot suma4Lrises all the structural obervat  

maL4e in the iecla iioek rocks. 	The area of the is'aand has 

been broken ad into a series of sub-re, eacil correspond 
to 	aligeograph.ical unit - a mountain, or a strip of 

coast. On an equal area stereogradhic proc;ection all 

observations within each area have been dlotted, tnat is, 
the attitude of linear structures, and poles of bedding planes. 

The heavy black line across each circle 1.S the best approxi-

mation to n average for the distribution of the doles of 

bedding, 	s ; i.e. it Is the projection of the plane which 

le tracec. our, 0.1 lines at right angles L,o ..he limbs of the 

folds, the ac plane in fact, using the leti.er a, b andc in 

tile sense illustrated apposite (diagra;-.. IS 

The black circle indicates ir each Calite the average 

orientation of the aliIIJI' struct.zres 	: folds, lineations, 

intersections of cleavage and being, boudinage stracturea, 

rodding. 	The stereograras indicate thfA these structures are, 

in each area, at right angles the ac plane, traced out by 

the doles of beddir plarie aeasuretnents. 	They are thus b- 

structures. 	l'he fact that the lineation - which is clearly 

a recrystallisation feature - folios exactly the local vari-

ations in fold trends, is definite evidence that recrystalli-

sation and metamorphism were active as the folds deVelOped. 

.ere the lineation a later feature, it might be expected to 

ran across fold structures, ignorrng local variation in the 
See poiolio 



direction of the fold axis. 

The m3ps A-F, simplified and correlated versions of 

the field-n)5 are rather difficult to read, until one is 

used to thinking in ter mr of vertical relief and flat-limbed 

recumbent structures, rather flan of open str...ictres, eith 

relief not playing a crucial part in the form of the geolo-

gical map. ihis obvious and inevitable difficulty £Th 

prompted the presentation of the main bulk of the structural 

results, in the term of a series of eroes-sectie.ne 

(profiles Al to S2). 	The relief is so strong that there has 

bean no need to exaggerate the vertical scale. The sections 

have been drawn EIL ehe same scale as the mapa A to Lf so that 

thicknesses nnd other neasureaieiits can be read of directly. 

To eAain a true profile of the folds, each section has been 

drawn at right angles to the local b- direction, le. parallel 

to the heavy black lines of the stereograms - tne 	planes. 

The lines of the sections are shewa on diagram 0- 1  being 

taken usually throueh summits and the prominent e sac rides 

of mountains. 	The best /222gra:ohie linu for a section does 

not usually correspond exactly to the ac direction deter-

mined statistically from the structural observations. in all 

these cases, the see .ion hee been pro,;ected onto a plane of 

the required orientation. The angle involved is rarely 

more than 150. 
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Fcr o true profile the pluaze of the structure must, 

of course be taken into account, in 34 of he sub-areas 

the plunge is zero, in only 4 is it as much eel() . For the 

rest it is about, 5°. 	it has not beer consicered necessary 

to project the vertical sections onto planes dipping at 85°  

and GO On, a the maximum distortion involvcd in a 50 error 
in orientation is a factor of only secant 5° - an exaggera-

tion of 4i inches for a bed 100ft. thick. (At 16°  the corres- 

ponding error is only 1.5ft.). 	Over a section 3,0Ooft. in 

height, the oistortation is just over llft., - at this scale 

impossible to 2lot. 

The sections, thert,fore, are all vertical, a.uc 	tr.ie 

profiles - ie. views of the structure looking along its 

plunge-direction. 	In large mea,:„Ire they are self explana- 

tory. 	Section Al is the reverse projection of the view of 

the FuglehAkfjellet recumbent fold, discovered in 1.6c) - 

(plate is'), 	Green slates of the Barents group appear in 

the core of the fold, forming an isolated oblong outcrop 

west of the summit - see maps A and F. 

Section A2 runs across the island two thirds of a mile 

further solth and crosses the 2ertiary graben before reachin 

the coast. 	The conspicuous vertical fault lluOUft.b. of 

the highest doint in the section is parallel to a marked 

system of decla iloalc faulting - sue map 1' 7 bui, the anti-

clinal wardin it cuts, and the large displacement of about 

700ft. are almost certainly Tertiry effects. The block is 



downfaalted (along three faults, running 	-S, and 

N/34) in Ainyathy with the downward movement on the main 

Tertiary graben fallt. ',bather or no the anticlinza 

structure is also a Tertiary effect similar to Tertiary 

structures appearing further 5044ns—the faults running across 

the island between the sites of section a and $ection 

must have large latecal (sinistral) displacements, since 

there is no sign of the steepening and overturnin6 of tht .  

beds seen on tAa L. face of Puglehukf,ellet. vn the contrary 

the beds are right way up as far 14 as the graben fault, and 

a few doubtfUl exposures on the coast just N't.  of the fault 

suggest Lht the eastward dip i 	brought green quartaites of 

the Barents group down to sea level at this point. 

Section r3 is nearly a mile south of A2. file lowest. 

bed r of the Barents group outcrop as a thin veneer on the 

dip slope of the 	face, isolated from the main beJ:L. 

The highest division of the Barents group is cut-out, ii 

the overlying beds are thrust onto the central formation ot 

the group. The total thickness of the Barents Group is 

only 1,20 ft. at the coast. 

This thickness increases ra,)leily as tzie OVe.rtzir 	18 

followed eastwards onto the northern part of Harentellet. 

But the apparent thickness (ie. the distance between the beds 

Of the ruglehuk group below, an6 the Conqueror group above) 

is further increase by intensive small scale isoclinal 

folding of the ineoizpetent slaes of the Barents gro4J, 



flowing between the two great gertklite series. 	The ells-

pLcement on the thrust was evluentl; colateporaneous with 

the main fold moveeats, aac produced the violent overfolding 

shown in the section, 4. The folus or Lilt: 'ee, riaee of 

Larentsf,)elict run in a direction aIeost at right all&les to 

the axis of the recumbent fold of Funglehukfijellet. 	in 196k. 

when the northern area was the only part of the island that 

had been mapped., this posed a considerable etructural problem. 

The area was re-mapped at double the scale (map 2)1  partly 

to resolve this question)  and partly in order to arrive a a 

sounde detailed streatiraphic scheme in this are e where weta-

morphic grade is low. The tear faulting which displaces Lae 

Fuglehuktellet axis to a eouition far i. of iiarentsfolliet)  

was then discovered, and the gradual awing in the structural 

trend was speed (see leap F, and diagramlo). Considerable 

variation in trend of foldinz: was found fArtner south ac is 

shown in diagram JD but it is nowhere so pronounced as in 

this area. in the north. 

In the conqueror group aLoire the thrust a. set of 

symmetrical undulations heui developed. Mese were Luppped 

along the coastal exposures (leap IJ) but were not observed. 

on arentsfeliet. 	They plunge fairly conelstently to etie 

3.,., a an angle of about 30°. Ieevelopiag at righ angles 

to the main movement L;arection, they are prodably the result 

of slight lateral convergence ne shortening, accompaniing 

the advance of the overthrust rocies. 



Fzooks of the cotia group are first encountered in 

the small hill south of Earentsfjellet, where they form a 

synclinal infold in the Conqueror group. Me presence of 

the characteristic facies of .the junction oi the ionqueror 

and Scotia groups indicates that here there is no important 

structural discordnnce. 

The rest of the great synclinorium of the southern 

part of kap A shows several further minor anticliaes 

synclines. The large syncline of the ceere of l'aylor-

f,;eliet has in its core a series of black slates, 500ft. 

thick. 	TheialLulge of this structure coincides with the 

direction and angle of the ridge running down south...eastward 

fron the sum 	to Svarthaugen, in such a way tAal. the in-

fold of slates runs as a belt of almost constnt wieth, 

across anc down the mountain. 

Niggdalen is the site of an anticline, thlou6h which 

an important fault cute)  with a downthrow to the south of 

considerable magnitude. The presence of ci,.iartites of the 

Conqueror group on the coast 11  .)ft. north of the exit of 

the stream from Niggdalen, indicates that the base of the 

Scotia group cannot be far below sea level under Nigghaugen, 

but on the other side of the fault)  from the geometry of - - 

he section)  it is clarir that the base of the group it be 

at least 2,000ft. below sea level and probably more. The • 

three faalts through Nigghauen have a similar direction of 

displacement - downthrow to the south - though of much 



smaller magnitude, ihc fault just south of the suablit of 

iorfeilet, hr,s a sJall displacement in the opposite 

sense, but the two faults north of the mountain at„ain show 

downthrows to the south. The one in the valley has a dls 

placement of about 4o0ft., the one a little further wuth 

is apparently a hinge fault, with a downthrow of 200ft. on 

th east face of the mountain, over 4Wft. on the west face. 

The northern part of 3thirbojdene is the site of all 

asymetrical syncline, the beds of the south-west lib un-

dulating near a vertical attitu(A. beds of the Conqueror 

groad appear half way between Lie north summit of ata1rhog-

dene andordre ._;utorfjellet, vertical ribs of quartzite 

on the northwest face fuleine over in an asymetrical anti-

cline in such a way that the top of the ,roup JUGt fails to 

reach the ridge. 	The fault, which cats through the vertical 

limb just north of the junction of the Scotia and Conqueror 

groups, is evidently not quite parallel to the plunEc of the 

structure for on the southeast face it is seen taw, the 

vertical Scotia beds abut aginst flat lying L:onqueror quart-

zites of the southwestern, flat limb of the anticline. The 

dowhtbrow io to the north-east, but the actual displacement 

of the fault is difficult to estimate since the beck; it cuts 

are mostly parallel to it, that is almost vertical. 

The problematical con:lotnerat.e f t 	;;..1torf,)ella 

appears just west of the anticline. i:ietlied mapping owed 



93 

that a whole series of rocks le involved in this aree -

green slates and quartzites in eeditiOn to the more con-

spicuous conglomerate. On 'Sore Sutortjellet the beds were 

Zund Lo be folded into an asyinetrical aneicliael  rand: the 

stereographic diagram for observations In these rocks - 

(ahewn on diagram 10) clearly indicates teat they have a 

structural unity with the lecla ioek fomateoh, axxe are not 

an undeformed later deposit as was thought by erevious 

authors (see p. 21 1. On 2;orare Sutorfe eliet the conglom-

eraee lies above fine green slate,  enei Lips rether north 

of wee t,i, en angle of about 250  or 	The exposed thick- 

ness is about 250ft., the top of the conglomerate lei ::eg an 

unknown distance beyond the coast. On Sore autorte ellet 

the roeks are folded into an asymmetrical eneicline, 

nearly vertical limb exteneing from 2b0ft. to about ileett. 

below the summit where the dap lessens to ek)(3  to the north- 

east. 	et We base of the mountain also the dip lessens to 

100 	as the flat limb of the coieelementary syncline 

comes in. 	Section ie,:a illustraLes these remarks: the con- 

glomerate le seen to be at leaat 400ft. thick ,see tnouen 

as on :Tordre 3utorfeellet the top is not exposed. The bees 

below are characteristic green and orange weathering slates 

of the Barents group, zinc it is plain that the problem-

atical Sutor rocks, sire in fact part of the Barents group 

of the Hecla TIoek formation. The flat-lying limb of the 

syncline underlies the rest of the low -eroend around Sore 



.-jutorfella as fer north as tne fault which runs across 

the island throngh i„acxenzLedalen: minor faults running at 

45° to this latter fault, displace the conglomerate in a 

westerly uireculo:1 on t,ILir norLd sices. 	They nave the 

appearance of tor fnelts but to displacement may as easily 

be explained by snail downenrows to ene north since the beds 

affected are almost horizontal and a sli&ht vertical dis-

placement would cause a considerable shift in outcrop at the 

surface. The flat 5.e. limb of the Sore 6utorfnellet anti-

cline is never seen since it would fall to sea level well be- 

yond the coast, 	it is however, lowered by the e.acneenziedalen 

fault, anc redresentet by the triangular area of 'Luc ..orere 

Sutorfjellet bloc., 	he 3utor anticline is presumably the 

up-faulted core of the anticline seen in the Conqueror group 

of the faults which separate the Sutorfjella from .Jt:,air-

hogdene and St.Andreashaugane. This set of faults inclined 

at about 7Q0 to the south-west, and therefore reverse faults, 

must hive a very considerable throw. 

Faulting has made this small area au the western end 

of section A5 appenr extremely compilcatec. 	The rest or 

the profile is straightforward, The large asymmetrical 

syncline of Stairhogdene is raised on the south side of 

the .ackenziecialen fault to such an extent that on the 

so ethern side of 3t.Andreashaugane, the base of the Scotia 

gro..lp never falls lower than 500ft. above sea level. 	The 

plunge of the structure however is about ls 
to ene N.4.1  



so thet at the section line (through the eeatre o tue 

mountain) theljunction reaches juat below sea level. The 

throi of the Z.ackenziedalen fault must be of the order of 

1,500ft. or more down to the north, judging by tJhe els-

placement of the sencline. This is quite zufficient ex-

planation for the apparent carious way in which the two 

limbs of the Sutor anticline are disposed on either eide of 

the fault. 	The north-south reverse faalta were evleene 

earlier than the jacKenziedalen faule. 

The fault running through ene valley sou n of EA,. 

Andreahaugehe again has a down 	to Glit nortn. The great 

syncline of eetairhogdene and St.Andreasnaueane has ieece the 

same Shape in profile 131 (Leefeeilet) as further nortn, eut 

on Hellandfeellet the structure is eietinctly tighter 

profile F3. 	In section B3 above the Conqueror group quart- 

zites lies an overthrust wecge of Scotia rocs, cut oat to 

the west by a 	ther overthrust mass of eonqueror bees. es 

will later be seen, this latter overthrust bloce is ecteallX 

the hixhest structural element on the 1A)relanc. The over-

thrust must continue north of the %est enu of Laarontzfeellet, 

and may run through the raised beach area, sewewhere between 

are the coast. 	it would be extre1e4 difele 

cult LAD detect, since there are on 2j a few frost shattered 

outcrops, anu the beds on each side of the dislocation are 

of similar lithology aed rave aeeroxieiately the same dip. 



The lower trust of profiles .t.U)  B2 and b3, brig 

rocks of the 3cotia group in contact with part of the Barents 

group, a[1:z in beds of suitable composition, cgloritold 16 

prouced as a res.alt of the unusually strong move::It and 

stress. 	ase,ociatin of the development of caloritoid 

with thrusts and belts 	sliding 16 almost universal in the 

Forelancl occurrences of -jai) mineral. (The question Is de-

ferred to the section on metamorphism )  but the structural 

evidence is given here as part of the general tectonic des-

cription). 

Profiles b2 and L3 shew clearly Lila,. Lae Conqueror 

group is sliding over the Barents group. The deforaation of 

the latter ha v been too stronE to allow the various formations 

seen on Barentsfjellet to be distinguished here. In the area 

L. of Leefjellet ant- (Illandfjellet the thickness is not 

known since the beds appear orlAy in the centre of two aati- 

cliriest  the rocks uelow never reaching the surface. 	But on 

the south side of Laurontzonfjollet the whole Ilrents group 

In places z,otals on v 200ft. 1. tnickness. eustwttof the 

central fault of profile b4 chloritoid is again found in the 

barents beds. 

On the two sides of Millerbreen, the Fuglenukfjellet 

quartzites are seen to be intensely overfolded above a major 

thrust planes the rocks below - slates and quartzites of the 

Conqueror group are greatly sheared and Shattered. 1Jmg 





folds above atIC below the dislocation indicate awestward 

direction of overthrusting. The thrusts of the eastern 

parts of sections B1 and b2, also have a westward direction 

of movement, Shown'. by numerous drag feles, and even more 

strikingly by 6he 'large scale overfold in Uae Conqueror 

group, seen underneath the lower of the two thrusts in 

section 

The  i_42per structural :Unit. 

In the central and southern parts of leap B, it becomes 

very clear that the large structural unit so far discussed, 

overrides the rocks below with complete discordance. The 

?uglehukfjellet quartzites which form the upper part of the 

Rudmosefjellet group of deaks, and of elonacofijellet and 

Parnasset, ere o.iielding 	the higher peaks reaching 

u) into the lower levels of :he overthrust unit - see 

profiles 35 to C2. 	On the north ard south faces of iwemoue-

f,)ellet, there are hue cliff cecLions in the Fuglehuk 

qx3rt4ites - showing impressive recumbent overfolding to the 

west (profiles B6, 37, and diagram i3). 

A zone of mechanically mixed rocks is developed below 

the threat here, lenses of brecciated siliceous limestone 

of .the ;rents gro,J,2 'floating' in brecciated, alio sometimes 

mylonised rocks of the Conqueror group. ihe zone has been 

shown on the Map 3 , since it is locally almost 40ft. thick. 

,iithin it, there is an intensely sheared lens of epidloriee 

9 / 



(see i,.aq) 13, and'3ection PG). 	downfaelted block of 

west Psrnanset (profile 13.13) again shows magnificent 1,ftat-

ward overfol6s: the overthrust block here, and on .eucthose-

fjellet is moving forward on s truncated recutheent anticline. 

The distribution of .this upper structural unit is sueueariaed 

in diagram ittf Uxlit 3. 	(Jnit 1 aric. 	are the overtnruet 

wedges of Scotia and Conqueror .rocks i:e the reE;ions o iJee-

fjellet, Hellandf,jellet, and Laurontzeliet) . 

	 the upper Unit (Unit 3) has an un- 

usual etructure,for at both its east end 	ends it is 

folded toward the cenere. 	Thi ca el eaailt be seen 	e.ee 

recumbent fold of erofile Al is placed in imagination at the 

eastern end of drofile A4. 	This recumbent 4yreeline of 

Flelehukfjellet is orthodox in that it is overturned to the 

west)  in con:Oarmity with the general moveelteet. 	But ,the 

Fuglehukfellet fold and the rains of north eaeit Jearente-

fZellet witle their flat axial planes give weer' further south 

to open folds Whose axial planes are more and wore steeply 

inclined to the noren-east. On TaylorTeilet the axial 

plebe of the syncline is vertical, an.i further south-eest 

the axiel planes dip to the  soath.rmiest at progresaively 

emaller awles. 	At the eastern end of the section (A4) 

the axial plane of the Setorfjella anticline is iaclined at 

500 to the south-weet. This asymetrical anticline of the • 

western part of sections A4, Ab and Bl, 13 taus a bacafold, 

opposed in its attitude eo the general westward elovement. 



Its cause is obscure. 	It may be post-ilated that the 

advancing mass encountered some resistance, which proCuced 

an anticline in opposition to the general westward movement. 



• 1-;:•.,:Lt 
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1' i  

The great thrust at the bsae of structural unit 3 

reas upon the upper 1 1 ,kb of a recunbent anticline whioh 

stretches - P9 maps 	and C, and profiles 85 to Cli show - 

for at lerl.st 16 miles, from Omonduyggen as far north se 

AIlerbreen. Further north, rocks of unit 4 fsil to 

roach the surface. 	This persistent anticline is least 

distorted in profile CI(Chsrlesfjellet) r,nd will therefore 

te referred to as the Charles anticline. 	In this profile60 

the massive ftglehuk quartzites form the core of the fold: 

above and outside the are the r,ocks of the Barents group 

here attenuated to a thickness of only 250 to 300 ft. 

Outai/e this groupe-that Is stratigraOicelly above, lies 

the Conqueror group - it slates and quart?Ates much 

breeolated. The stratiFrahicel orr is thus in the main 

undisturbed, though the Barents 7r4cp Is represented only 

by brecciated siliceous limestones, In the -7estern part of 

the anticline. 	In Tont of the other sections it is 

clef4rly seen how greatly this horizon has facilitsed 

sliding, several different formations,  lying thmst within 

the core of the Charles anticline in various localities: 

in the north the !Ankle Troup an0 the Scotia coup; in the 
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eentre. the 710otia group aryl. a ,,edge of rooks of the 

Conqueror group; in the south, the Kerr croup, ene ehrt 
is probably pert of ti acotta group (see pnee 6t). 

This plane or movcement may well hive been a thrust 

initiated before the lain follAng began. The syncline 

below the Chr,rTes anticline Is neen in vrofi7es B9 to 

C2, but it is of much smaller een7/!tude than the enticline, 

and even more veris7'1e in profile. On the went side of 

the rem, it is clear that the anticline advanced on • 

serieFl of thrust-planes the three malor thrusts developed 

in the central ranee being shown in profiles B8 to 1312. 

A weel7e o catie make lies thrust over rocks or the 

Conqueror group which show a recunbent synclinal structure 

(profile B9). This overriOes and truncaten a lower thrust 

*TJeb carries Conqueror rooks onto a group or granuinted 

eyroxailites (discueoed 'Inter, in charter Iv). 

These three grent thrusts on. ehich. the Charles anti—

ellne advancee, are downfa41ted to below nee level south 

of itippsfjellet, ru it is not until lult sevth of 

ryerlaguna that the base of structural unit 4 in seen nmel n• 

On ')nondryggen the inverted aaotia cr.) up Is thruet 

over Puglehuk quartzites which sr* right way up - (profile 

C11). The wedges of Dcwtellet and Conquerarfjellet 

rocks neon in the eentral ranee hey° dienppeare0, 



§ 
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north of Omondryggen, however, the anticlines and 

synclines developed in the Fuplehukan group eie out, and 

the heel below the thrust gradually becoae involved in 

the fold or the recumbent anticline. rrofiles C7 to cf,11 

illuntrate the proarennive ,7evelopnent of this situatian, 

the mechanics of which aTe riot clear. 

The crucial area, bet eon wast Omondrygaen and as 

point went of aenquerorflellet, 13 not very well expoaeda 

3winas of strike to an et-wet attitude can le seen in 

please, and on the coast weat of qourinyflellet tilat 

phenomenon is well disalayen. It is produced by e SWAM 

planing of the main folrl axis into a vnrticn1 attitude a 

the axis bar g itlelf foiled about a secondary east-west 

ATitt. 	The area around the proainent cape la miles west 

of lourlayfjel7et is shown in diagram 	, and. the 

accamrmnyln7 stareoaraphic projection sheaf) the orientrition 

of b-atructures - drag folds and lineatt,:xo prothiced by the 

•opiloral folflinr running north nn4 nouth. 	They have clearly 

been foled about an nxta running )03  Z. of 1.1ead N. of gep 

an4 in alnees this axis is actually represented by to fine 

lineation. An orientWed specimen wns taken from a 

locslity of doable lineatians ane the petrofabric diagram 

((re'n /6) rheas that each lineation is at riht angle* 
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to a quartz girdle. 	The fact t's• neither 51rdle _3 - 

bnIken down suggests tht the two folelinFo were prt of 

the same enIso6e. 

It le ooncluoed thet the phenomenon ,,encribed above 

probably represents the mechanism by whic the anticlinal 

and synclInal structure of OmondwyFgen becomes convlrted 

to the simpler structure shown, for example in profile Cq. 
cata014stic Fifec s. 

The .;cotis plooup and the Conqueror 'ro, are often 

intensely breecisted in structural units4 1-1(1 Si The 

siliceous limestone (33) of the Barents group lo brecolted 

thringout the central range. 	In 	tion to the 

brecclatIon below the advancing anticline ba the-re, 7ore of 

the r,)cks for-A.ng the anticline ltnif !thew ntrong 

breccition, clearly not related to thrusting, but to the 

violence of the fo101rig, The Bartants limestone has already 

been mentoned no being troccilted almost throughout unit 44  

the rocks of the Conqueror group, frequtly show strong 

brecciation4 in their normal potion nove the Barents 

wroup„ Rnd wherever they are 3eentbrus,, into the core of 

the onticline. The Icotta group is intensely breccirkted in 

the cer 	the anticl ine, hut in the compleentnry syncline 

for ex.le o lest Px4hananrmen - the defortion bps 

not be so s.r,fx) 	to nroeuce breceliAlon. 	The vfIrlous 



Plate 26, T. Dcvi1' Thumb 	'Inacofje let. 
Jo“:1;171 	Vesiefinecren). 
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rocks mentioned. only rarely shee elens of any further 

foling after breceintion. It is concidered that the 

breekdaen ens erodeced at a fete nteee In the tectoeic 

history, as a result of final violent movements of tee 

alarlos anticline; the 7eetaplorphic history suports tYAs 

hypothesis pageill-). 

rreccietton his little altered the appeerance of the 

rock of the Conqueror group. The thin limestones ond 

sleees of the ,:,1cotia group, hoeever, heve been convp.rted. 

into a roc1 ccntetthg of slate fragments (usually less 

than 1 or 2 cm.long), which are cemented by celcite. 	This 

is an extraordinarily durable rock which gives rise to 

unusually precipitoue scenery The 'Levil Thunb' is 

lergely constructed fro(e brecciated celeereous Site 

streng contrast to the scree covered slopes of aeotiarjellot 

The rock weathers elth a distinctive knobbly eurfnce. 

The breccietion has involved a coTplete rearraeee.lent of 

the rock, ech nically controlled. The cerhonste of the 

thin, fineepTalned Keck limestones has been redistributed 

throughout the rock an the eatrix which cement* the *tat* 

?ra-nts toeether. Original limestone-free bends form 

'rte I TOCtlifli without a errl,onrte cement. 

The siliceous limestone breccia of the ilarents group 
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*hew* many similar features 	knobbly textere vItth 

frammento of eillecoue limentone ,,o - ing In, OP cemented 

P reerystalliaed cerbonnte metrix. 	rock a burf 

sometime* with a pale green tinge. ;Liouth of Jeasiefjellet 

it to men to be progresalvely lose altered until, on 

Conquerorflellet, it la little chenped froteits original 

conditlon r1G s. gren, elel,by siliceous llne7tone. 

The 30UAbern .Rapee p 4nitf. 

The structural fenture of the southern range which to 

most immedtatey obvleus la the great seuthern anticline, 

rhone exie4 runs nort end south roughly tbreeth leikiebreene. 

The be on the et coest 	eestwards rt about 5O!; in the 
15 

ountsins the dte,,to the eget become progressively greater 
A 

farther west until on the (west the tees ere vertical. 

Detailed napping, however, soon reveels two reAor tl'eguet-

pinee, which ars folded by the anticline, end ere tt!A) 

olearly warlior in dot*. Minor structure* azsocihted with 

thie thrustIng ere reline to be euperimroted on even esrlier 

structures. 

Its first formed structures 	ivell recent folds 

eA.oh nre of flowing *utiles, and qreveoveanted by eell 

devolved lineation and drag fAding. MIA north-south 





was clearly ocntemporanesus et,Ith net, or":h I . 

ho linos atrustursi Is shavn in 	t 1 The orientation of 

of a7-st 	(in  The central port of icy" 
(-41;3 

the area 	olun7o 	- the plunge reaching a 

value between 10 7”14 2  on ,Ither Ilde of the wide area 

of m ly horizontal rsedigs. 	The beds era largely 

thco-117, :t an' no major recumbent folds appear to have 

formed. 	the ef, ects of the later thrusts make it 

difficult to? certain on t lie point. 

The t l!lts l'7resk sown the regional metamorp ism of 

the f)11in (pP.7s U11.). 	Associated 7fItt the Is a. set of 

sin or structures of a very 917-cial type, -evelope in the 

a--direction, that ise  parallel to the direction of 

moVement of the thrusts. Part 2 of disrom 17 , she i the 

orientation of these structures. The nrture of the 

phenomenon depends on its 7;osttion relative to the thrust. 

A. traverse up to the lower thrust from well below it in the 

region just south of Lo4deflellet may be taken ne typical. 

About 	ft. below the thrust the isoclinal overfolOing 

(;:Wras 	) and its accomnanying liTmatim are undis- 

turbed, 	200 ft. higher up a series of fractures elevelaps, 

set at intervals of one inch or so. 	Theme 	idly give way 

to Slight flexures, at aimilnr, stall distances spit„and 
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inconstant in their direction - buc1z7es running Into ans 

another or splitting Into smaller rucking!. They are 

plainly later than the north-south iinotion ,Ihich le 

'folecd' by them. 	;eunlly the bucklas ',re more or less 

symmetrical, but meny e overturned slightly to the 

south or north. About 10J ft. below the thrust-plane a 

lineation nel_acea the buckles, orientated parallel to them. 

This prsists, obliterating the en_ier north-south 

lineation, until the thrust itself is reached. 	Tvidently 

cenetderable recrystallsation occurred boLlw It. Ahoy* it. 

howevfir, there occurs considerable r7,rng,7ing of an apparantly 

brittle t:ree, nntl azone of mylonite about 3 in. thiek is 

seen. The (74-ag folding indiestes the eirectIon or over-

trust,_ g to he .lostmnrdo  confirrlIng thnt the lineation below 

has leveloped In tbe cL. direction. 	This rnttern of charwe 

in saen throughout U. southern range - a.-1Ineations 

developing clole to the thrusts, and buckles belnr seen 

thrmiOrTut a consieeratie thickness of the rooks below. 

The hieklin in interpreted bl a result of lateral com-

rrention, oresunnbly nspociated with the movement on the 

thrists. 

Pearystallisntion is seen sporadicelly bel 	es well 

as i the zone of 0..-ltheation. 	The double headed errata 
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of port 2 of diagram I-1 record linostiiInn, mnd some or 

these nre seen t be eT1 below the' thrusts. 	.,uarts and 

carbonate sweats have clevelopee, even tore exteneively, 

cloneated parallel to the o.-dlreetiant bleks of calcite 

u to4 or 5 inches long 97* particularly common In the 

7errier and Issehson groups 	A quartz sweat from about 

50 ft.bc- o..:1 the lolcr thruet-p/ano on Harcliefjellet 

shore the north-south lineation In eroec by one running 

sol,ith-es north-east ?Alms nn interestl:nr nroof that 

the soor,tot' structures nro Inter than the north-south. 

The 'set' (specimen 1483) is about 4 in. long, nosrly 

2 in. mine and in. thiek, nnd has esvolopee in n mica 

aohlIt. 	The growth o1 the senrsFation :7o di,Itorted nnd 

twisted tho north-south lineatim in t mica nohlat, but 

the north-eastitywth-seet lineetton in the schist IA not 

elsturbed pre runs unbrolten across the 'sweet.. 	rhet the 

north-sovth structures sere earlier wns confirTse when a 

petrof3l7ric norms was ma,',e, which chewed no effect of any 

north-mouth movements! only s quartz girdle nt rlctt 

a -.1,?s to the other lineation (dierrem /9 ). 	If the 

north-south moveT.,olts had been later, one censiecrable 

effect would cortninly have been ragintercd, perhaps evert 

the complete obliteration of an earlier fabric. 



ThQ dirctin of r4.17.11/21nt of Oho thruate on be 

measured Cire; ly rr: Crng fcad, in five areas: these 

are abewn In part 3 ofdiagram 	• Ilsowhore the 

dteection t inferrad. to be ginllnr, from the nttiturie of 

the 0. ouckling. 

Dofore proceeCing to disouss thI antioltnnl structure 

of the ao-Qthorn range, a for remarks ,Ilust be nada on the 

mountnins of the fm'' sokxtb. On PersiekomAan th dip le 

about 2O' to the -vest, by the time tl”, coast west of the 

mouliains la rache, the value -ma 1n 	19d to 60, 

Tho atrwture t 	imilar to that or the weatern hnif or 

the aoutht3rn range, (71roftle al). 	The near17 vertIcal, 

nestward dirT7Ing rocks or 	llot 	be eqtavnlent to 

te vartioal belt which we nny lr.er to exist sose way to 

the vast of the .FersisNeTlIen coott or they may be the 

eastern limt,  of an Anticline, the 71.9nt limb being repro 

sentad by the Pertiskanmen becis. 

• ovieence bear in on this question mwt be Inerect, 

7tor- the f;mat between the two blocks prevents a direct 

structural GO 	ton from being sonn, nne the "rey ue of 

the beds on either ifie of the feclt Is riot known. 	Drag- 

oVa, If Tell ,1eloce, and c,rinntatestn'the 3s1flellet 



area would Incteate an anticlinal structure if they Tore 

to she, relative downward !novement of the beds on the 

matt movenent tn the opposite sense roulZ fgvour the 

other solution. In facto  Om folds were noted in only 

two vreas the rest sidv moving downward in both . No 

satisfactory solution can be put forward with so little 

evidwnee. 
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The maim, anticlinal 
	

ur of the sauthern range 

AoT have been initiated at a late en 7,41 In the Caledonian 

movements - later than the thrusts which t folcla - but 

a !Treat 51s,a1 of the Inovem9nt in certainly of Tertiary nrv. 

The graben faulting, which t Cescr11:,ed later in the 

sectln onlertinry structure, has been kccoapeniedPor 

ban produced, a nular of large end email flexures and 

folds In the iJecla Aik r,cks$ of thes the nouthern 

c)„ 

IT; inrt 3 of diarlia 11 anticline In te4 

reIlltion of the anticlinal 

mrrears at first glance to hn  

ivis been rlotted. 	It 

n disT1aced along 

/reels Hoek' faults, but detailed napp rig has shown that 

wt!il_e the position ,)f.  t.)14, axis varies, the faults protIucs 

ro M..arinalrent further 'welt. in ad tion a subsianry 

anticline and nyncline In the area wt of Dewespynter. 

fail to appear on. the other side (4 the f lt *bleb cute 

then to the south. 

The Real oek lines of weakrless he in - effect sp 

the rockSup into blocits joined it the western end., tut 

.1,4placed independently of one another at, the eastern end 



an 	silt of eifferent anoents of movement in sympathy 

with the greet lornfault of the graben. Had the fault 

run pnrallel to the Becla oak trend the whole of the 

belt would probably have been foVed as 	unit. However 

the fault in foot rune about 50°  t the trend Oleo diasran 

17 i part 1) and, the resulting effect has been to prodeee a 

series of anticlinee 'en eehelon', developed ineopendently 

of one another. An analogy may be stweeets6 wlth a . eleee 

of corrugated paper which, hnving been town along eeveral 

1!,nes at right angles to the corree_etien1  is than bent 

Coen at one T1nA along a line not quite narallel to its 

corrugations. The roles do not form in ana lino parallel. 

to the 'feult movement', but parallel to the eerratione 
earher 

(the trerA. of the/  Jade), and l en edhelonl. 

The Indeponetant movement of the bloke hee produced 

corAt14rab1e variation in the dispincement sheen on the 

eaet-went faults. 	Thus nt the foot of errierp347en, the 

anticline on the northern aide o the felt 12 about V) K) ft. 
further west than the anticline on the south elect: ao that 

traversing frot7 the 'e: t, as it were, the bode on the north 

side are folded down by the raben well before the beds on 

the south siee. This Tocel maximum of relative clispleeement 

6reFted the. beds into a vertical attitude in the stretch 



of groum, suit north of t iFult. Further east, a 

syncline c,p7tes in on the north al. e and the relative 

displacement of the beds on the fRult 	then reduced to 

zero. 

The s9t of drafoids indicated in part 3 of diagram 

i/ 'hes deve 
I 

ed Re a •reeuit of relative movellent of 

'The complex fault system of .sshoa doe* not 

continue witdAn the Hecla '6oek rocks on the south side of 

3elvagen; a great tear fttat, rwirling throop31 cotisdalen, 

discos it atout to fr143 a hal miles to the eaCt. 	It 

is thia fault which produces the ext,reme diatortion and 

shattering Reen alorw the louthern shore of Selvaren. 

The i!iffct upon the z400la hoek jets Leen to produce a 

sret curve in the fold trend, shelfill IT, flafxram 17 

pt 1, nld a cor.sequent swinE in t 	irection of the  

1E-te buckling - part 2. There seems ntrung evidence that 

the rottion n the block Rtove  the io-,,er thrust has 

been tore extensive than below: that is that Tertisry 

movements, slanc: the 1..pwer  thrmit st lenst, have occurred.  

These movements have produced the discordant relntionship 

on either side of the looer thrust - in the north - shewn 

ty the fold trend tn pert 1 of the dia7ramt  nnd by the 

orientation of buckling in T:frt 2. The faolt which 
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sepurstes 	long eedzo of rocks-runin fro• the Ivt* 

of 5eotiadalen to the south shore of =flIvragen-trm the 

rest of the rocks of the souttiJrn tviston, arrPrortly 

thewa a eilsrlecement in, an opposite sfmae to that of the 

great tr 	fault. 	3irce the dip of 	beds is only 

about 30°, hoever, 	diaplvesment could be 

profteed by s eownttrow to t e north of shout 24000 ft. 

Eut the Tertiary displvcement along the 5cotiadolen fault 

er,not have e rrent vorttcl eoporaent; this fnult line, 

ho7lovor, 7aas probably active after the C;elaaontan foleing 

it has already 'Teen mints out that neither structure nor 

strutiFrahy In the Beclv Foek can be carreUted on the 

tmo Wes of the dislocnti.3n. The downfaultIng on the 

north side of the smaller fault mentioned above suggoets 

that the Icottadolen fault itself 	11.0 A similar down-

ros. Other features point to the eame conclusion, 

17.3.-tc...ular1y the prance of "bilve 	in the southern 

range. *hut no feeder dikvs in th, northern half of the 

ieland. 	The conz-Itatently ht.ierrr:ra,.te of metamorphism 

in the south, poraps suggests the same thing, 'but no 

certain conolusion cnn be drawn. 
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The other Tertiary eteects on the H0010 Fo9k rocks 

are, comparatively minor - cnalatiir! only of 	iifolds. 

They Ire shevn in vtn,lous of the proaleaf—f6FIngi for 

exaple, the recumbent Charles anticline an 3cotisflellet 

!A the °Plat end. of Omondryp7an. Mi Tertiary struetur46' 

witbin he 	Hoek rockm are summnriaed. in diagram .201, 

aihi& may be consitlered. in conjunction r1th the profiles. 



CHAPTER IV. 	Red16 44, 

1. The Sediments-. 

The general pattern of regional metamorphism In .rince 

Charles Foreland is of no great si,enificance in itself, since 

the orientation of the island, parallel to the folds, pre-..  

vents the study revealing cuanges taking place across the.  

Caledonian trend. 

In conversation Weiss has described the state of meta-

morphism in the adjacent area of the mainland (south of 

St.eohn's bay), as generally of biotite grade, with garnets 

developing in places. 	It seems obvious Lat tuie aireetion 

of most significant change in metamorphic conditLoh should 

be across the trend, and the Foreland work lacks perspective 

until more is known from at. John's bay and the north-westera 

part of the mainland. 

The quartzites and limestones show little or no miner-

alogical reconstruction during metamorphism, apart from 

straightforward recrystallisation. The semipelitic rocks 

are far less sensitive to changing conditions than the peliti.c 

rocks, en6 it is largely with these that this study deals. 

The upper structural unit, it will be recalled, out-

crops continually over the northernmost part of the island, 

and as outliers on higher peaks further souti. In the north 



little more then diagenetic changes have occurrec: these 

become progressively more advanced further sou 	bt the 

rocks even there are hardly higher than of "chlorite grade", 

Slides 121, 13a3, 1393, 1327 1337, 1331, l256, 1Lb6, 

eemonstrate very clearly the aequerice of changes which occur 

the rocks bepi:1to recrystallise. 

121 is a rocs. fromABarents group, on iarensfellet 

itself: The pelitic brtnds are dotted with oval segregationa 

about 0.5 mms. acro 	authigenic growths of chlorite, 

often enclosing but riot disturbing the q_lartz grains. 1S& 

is a fine-grainec slate: a poor cleavage cutting across the 

bedding has developed os a resalt of the growth of seri:ite 

wisr)s. 	This is in one of the banded silty slates of the 

'.:0,1st_4espr group from the east eno of St.Andreashaugane 

311,1e 139B, from the to) of the Conqueror group at the west 

end of that mountain 'aar, been microphotoEraphec 

J.Ln it ancistorted oolites it serves to illustrate very 

strikinL-ly how little oefomatiJn and metamorlxlisJi have 

affected these rocs. 

1327 and 1337 from Hellandfjeliet a little farther 

south, show the beginnings of more thorou recrystallisation. 

The small amount of carbonate matter in 1327 is spal'atine 

into long thin patches of lath-shaped crystals parallel to 

the bedding (still perfectly preserved). 	in 1337 the naartz 

is locally segregating into spots about 0.5 Isms. across: 

"slice is beginning to reorystallise 	 is absent - 
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sericite is growing parllel to the poorly developed 

cleavage. 1.)1 - a typical slate from the Conqueror greup 

at the head of Ilurraybreen, shows a hlere advanced 5 ,s4-ge of 
recrystallisation, with long streaks and lenses of quartz and 
crbonate, in places reaching 0.4 mms. across. 	1.a.56 and 
13b?, from the Barents groAp, in the same area, ehow a rather 

more FAJvenced conditien; 	the original sedimeLetary layering 

is far less clearly preserved - quartz is separating into 

tiny elongated leases interspersed within the sericite mesh-

work, Ise fine grained here than in the previous slides. 

The cleavage is seen in the field to be a feature eevelopec 

parallel to the axial planes of the fold's: the recrystall,-

isation of sericite which produces the cleavage is ens ueteu 

as contemporaneous with movement. 

In the structural unit below - Unit 4, the Charles 
ticline - the trend towards progressively greater meta 

mordhim southwards is reversed. 	In the central range the 

metamorphism is of biotite graeei further so,len it is almost 

non-existent. 

Slides 1341, 1165, 1190, 46u1, 46011, 4e2, 413, 1249  

and 175 - are arranged in geographical order from south to 
north, (that is from OfmondrygFen to Boureei:jellet. 1341 

from the Puglehuk group in the south is as little affected by 

metamorphism as the rock's in the.  far north: wisps of serloato 

ere growing as cleavaEe develops, and quartz is beginning to 
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reerystallise. 

In the central range however, elide 119C frail tne 

conelevor group ea of eohacofeeliet shows large biotite 

crystals aloost 1 mei. in avereee dewenseen - platea7L-. 

The roc. is banded all seoepelitic, original quarts • 

rich bands still indicating bedding. The bietite is 4iarxed-

ly pleochroic from almost colourless to an unpleasant - slightly 

foxy brown. There seems at a glanee to be no preferred 

orientation. The curious colour, and the setting, -with 

very low grade rocks to north and south- suggested the possi-

bility that the mineral was in fact stilpnomelane, which 

typically occurs in a low erade setting, and f414,/ be mistaken 

'or biotite. An X-ray powder phoeograpd wae consequently 

nave and comeared to that of bietite fro lj; a Cornish peg-

matite. The diffraction eatteras were substneeally iden-

tical, and in dlsrp contrast to that pbtained from 

stilnomelane. 

The curious colour is a feature resulting fro L46 

intense brecciation the rock has: received after elle biotite 

wao formed. The crystals are fractured and buckled, the 

cleavage planes being violently distorted; some of the 

grains are pulled into fragments, and not show large patches 

in Which the birefringence has so decreased that under 

crossed nicols it is entirely masked - by the brown body-

Colour of the mineral. 

The biotite on e.ioser inseecelea reveals preferred 
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orientation in two attitudes (corresponding presu:liadly to 

two generations). Some crystals lie roughly parallel to 

the stratification, others, generally larger, lie at _almost 

c:0°  to this. Both sets are too much distorted by brecc-

istion to allow one to sad which is the earlier. 

Slide 1153. from the Barents group on the east face of 

?arnasset is very similar. Again the curious double gener-

ation of biotite is seen, and this time despite the strong 

brecclation it is clear that the larger crystals, at. B00  to 

the bedding are later, and enclose those parallel to the 

bedding. The siEnificance of these fac,a is not plain. 

From the distribution of brecciated rocks it is clear that 

the brecciatian is part of Qhe folding hinter/. 'inat even 

the earlier generation of biotite haL a preferred orientation 

is taken to mean tnat forces were already operating - Biotite 

thus began to glow after the movements began, and was broken 

down again in later sLages of extreme movement. 

Slide 418 (from the 3cotia Emu) :1-t the base of the 

south-west ridge of liudmosefjellet - see profile B6), and 

slide 12-.Z from below the ksreat thrust plane under the eumalt, 

both show the effects of overthrusting. Bio:4te (in the 

former case, as smnller crystals than in the two slides just 

described) is again meChanically broken up - in places 

forming chlorite - but re'04116tog the brown colour of Olotite; 

slide 1249, in particular, show c violent deforwatlon. 
Slide 1375 is from the Pinkie group on Boureefjellet, 
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appnrently well below the overthrust 	 of the upper 

structural unit. But here again he slide shows the se- 
quence of events 	growth of biotite - later brecciation 
this time, however, the biotite has a single preferred 

orientation parallel to the stratification, and breeciation 

ai evidently followed by a considerable recrystallisation of 

the carbonate material which makes up quite a large part of 

the rock. Here, in contrast to the elongated lath snaped 

carbonate patches developed elsewhere in breccia -Led rocks 

of this kind there is apparently no habit orientation. 

Possibly this recrystallisation was a late event after move-

ments had more or less ceased. 

In the pelitic rocks of the Scotia series (presumably 

the central part of the group from the evidence on the Scotia 

succession presented in Chnpter II) there are preserved on 

onacofjellet brecciated rocks which contain staurolite - 

slides 4601, 4€Oii, 462. The rock (plate:00P was evidently 

coarse textured, with staurolite crystals reaching 12 lams. in 

length and large porphyroblasts of plagioclase (probably 

albite) and of mica. These are all now fractured broken-

down relics in a mush of sericite, quartz and carbonate. 

The staurolite is intensely cracked and considerably altered 

to sericite. 	(1)ne or two former sta-_4roliees can only be 

identified by the pattern of quartz inclusions left in the 

sericite pseudomorptAs. Considerable disorientation of the 
various parts of the large crystals is strikinEly silvan 



when they are close to extinction under crossed nicols. 

Lhe plagioclase is intensely sericitised, but twinned patches 

still ranain, together with large quartz inclisious. 

South of Scotiadalen the metamorphism is more or less 

uniformly of biotite grade. There are no veil' pure pelitic 

rocks here, and in most of the slides described below the 

pelitic component constitutes less than 50i, of the rock. 

Slide 321 from the Ferrier group north-eat of Dodds-

gj.ellet is typical of the rocs of that part of the southern 

range. 	The nsse2iblage is 5(-4 quarts,Z,I.C.0 carbonate, and 

2C mica - the whole having recrjstallised completely. 

the mica about (30i,, is biotite, 4u, muscovite; the two grow-

ing happily toLether, with a very strong preferred orientation 

parallel to the schistosity. 

A selection of slides from Hannayfjellet numbers a53, 

867, 877 - from various groups and roe4types, ail. show similar 

features; complete or almost complete recrystallisation, the 

development of miscovitef  or biotite,or both from the pelitic 

madonent of the sediment. Frequently the ;ialeas are in-

volved in small folds (of the flowing type that the structUr- 

al work hes •shewh to be parallel to the major tread). 	There 

it is clear from the bent curving flakes .that recrystalli,  

sation anc growth were continuous as movement occurred. 	if 

growth were earlier, the crystals wo.tld fracture in Conbrmin6- 
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to 1c:ter folds: if they were let, they would not follow 4he 

i•:Itricate crenulvtions. 

Slides from flardiefjellet again show complete re-
crystallisation )  associated wial th.. growth of swell porp4yro-

blasts of albitc u to 1.2 mms. - often oval and ria.eu by 

a zone of &Jail quartz crystals. 1430 and 1482 are particu-

larly affected by the east-west buckling which is asoocioted 
with the forward movement of the great southern thrust-planes. 

Here it is clear in a section at meat ales to the pucker-

ing, that it is en event later than the growth of ,Liods, 

which are fractured and distorted by a series of ruoAz set at 

about 30° to the foliation. 	in 1483, however, a slice of 
the quartz 'sweat' which is elongated parallel to the east-
west lineation (see o.ic() the growth of quartz is coi,teaa-

pomqeous with the movetaent and shows no rucking. The eller& 

of the overtbrusting eviOently procicec recrystalllsation in 
thin zones. dust sbovet breakdown is once more noted, 
chlorite being prodIced along thin shear zones asoucisted 

with the buckling. 1488 is c particularly good exasApie of 

many slides which show muscovite and biotite growing at the 

swie 1-1.111e in optical continuity. 	In 1489 from just below 

the lower soothern tnrust-plane, .11scovite exceeds biotite 

in cuantity, the latter being rtroni.:1,y -„,leociiroic from medium 

brown to a dark brownish green.lorite is forming through-

out the rock, from the breadown of biotite: it is stror Jy  

pleocoroic, from almost colourless to deep green, some giving 
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anomalous red-brown polarisation tints under crossed nicols. 

Felspar porphyroblasts are co=, about U.4 alois. aeross: 

over half re of albite, but the rest show siolple twinnahg, 

and react to staining tests for potassium. 	Slides from 

:;.ethaenf.jellet show no new features, .oerely Confirming the 

above conclIsions, that recrystallisation and growth of micas 

and felspar were contemporaneous with the main movement; the 

liter thrusts broke down the mica to chlorite throaghout the 

roc, or in localiseo zones of shearing. 

;31.ideji 2056 of - limestone wit,h a considerable quantity 

of pelitic mgterinl and ouarts, snows most unusual features: 

it is illustrated in plate ,42,. oarbonate-quartz bands nave 

F,1,11ply recrystallised, but in clay-limestone bancsethere are 

abanuont large flakes of chlorite (1 mm. across, u.4 mns. 

thick), green in hand secinen, bat Colourless in thin section, 

and non-pleochroic. 	the large size and .Lacs, of a charac-

teristic chlorite-green colour, prompted the disking of an 

X-ray powder photop-ra)h: this definitely conia.rised the 

mineral is chlorite. 	There are also a Iv, r/stalls of pale 

brown biotite. 	The large irregular, (aimost opaque) crystals 

shown in plate 	are ratile. The crystal an he central 

strip of the field photogrn)hed 1: one of several  wIlich eho 

a refractive index greater than 1.9 ane poor cleavages, 

mutually 3t right angles; the mineral as unia;itUif  optically 

positive. 	This rules oat all but a very few minerals;  Ji 

whin only zircon and sphene (which xlay sometimes be 
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uniaxial) seem «t ail likely. 	It is probably zircon, 

thixIgh certainly of an unusually large size. 	An 

case the sedimen mast have bcon of a most unusual com-

position. 

Slide 685A from Sal4ellet in the far south, shows 

muscovite anc chlorite growing contemporaneously with Lie 

sc6le fkolding. 

he 	 •a - tern, then, is of a unifomly biotite 

cra6e of metamorphism south of Scotiadalen. In the northern 

half of the island, the upper structural unit shows pro-

gret,sive changes going southward, within ;he chlorite brace. 

hi lower unit, of the Charier anticline, is ,)1 biotite 

(-staurolite) grade in the north, of chlorite graCe in the 

south. iZetamorplism coincided in time with .he biding: no 

minlarals, except perhaps carbonate, recristallised later. 
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The Occurrences of Chaoritoid. 

Quite jeldependent of the regional pattern outlined 

above, is the distribution of chioritoid, which is eeveloped 

throughout the island in all of these zetaaorphic environ-

ments. All the occurrences are characeriseo by the coin-

cidence of two conditions : of s'ructere, an of rock - 

comeosition• 

Chloritoid is developed only in certain rocks of the 

Barents, Scotia and Kerr groups - invariable green ane grey 

pelitic rocks, with or without a little quartz. Further, 

it is only developed where these beds of suitable com-

position are affected by particularly intense movement. 

The Barents Eraup may be tae.-en as the first example. 

On Barentsfellet beds of suitable composition occur bet are 

not affected by violent movement - isoclinal toldinee has been. 

the main form of accommodetien. in the region east of 

Hellaild4ellet and Leefeellet, however, he group comes 

into the zone of overthrusting, where units 1 and 2 are seen 

to override structural unit 3. (see diagram /4 ). 	TAere  

below the thrust chIoritoid develops-  strongly - not evere-

where, but only 1:1 green pelitic rocks. eiehin a few feet 

of rocks like seecimea 1333 which was described (page 117 	) 

as showing onl,d the first signs of recrystallisation, and 

not far fro tie location of the uudistorted o„)litic lime-

stone shown in plete 4.4 , there is developed a rock in 
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which stubbly laths of chloritoid reach over 1 mm. in 

leagth, and 0.4 mms. in width, chloritoid making 404 of 

the rock: the rest consists of patches of quartz in a frame-

work of muscovite. The chloritoid has a fairly strong pre-

ferred orientation parallel to the schistosity. Prom a 

little further south, associated with the same thrust, come 

the rocks of slides 1311 and 1312. The former shows needles 

of chloritoid about 0.6 mms. long in a poorly segregated mean 

of fine quartz and muscovite. Again there is a preferred 

orientation in the chloritoid)  parallel to the schistosity, 

but only about half of the crystals conform to this. The 

rest are haphazardly arranged. 	Taere is no sign anat taese 

latter are of different generation: they are obviously con- 

temporaneous. 	In slide 1312, distortion has evideatly been 

more intense, for a former quartzite band, recrystaiiised, 

has later been torn into a series of lenses. 	Individual 

quartzes have in places been drawn out into greatly atten-

uated streaas, and all show a great amount of strain under 

crossed nicols; occasionally an anomalous blue indicates 

extreme strain in the atomic lattice-work. The gaps are 

filled by numerous very large magnetites - segregations from 

the surrounding rock. The chloritoid is more stubby and a 

littlelarger than in 1311. Far from being distorted by the 

movement as is the oaartz, it is obviously growing in 

association with that movement, individual laths following 
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the folds which distort the drawn out quartz grains. 

Rocks from the Barents group, at the neae of aarray- 

breen have already.  been described (aage I 	). 'aeferenee to 

profile 34 will show Lhe position of the eetenuated Barents 

group (on the ridge well east of aoureefaellet). 	incense 

mov. enent between the overthrust Conqueror groaa- and the 

Fuglehuk group below has attenuated the aarents group so 

much that its tnickneso is now only 300ft. 	Slides 407, 

406B and 1062 iliastrate the progressive development of 

chloritoid in this zone of extreme movement. 4e'r, contain-

ing rather a hiah percentage of quartz, shows intricate 

small scale isoclinal over-folding of mica and quartz bands, 

the whole slide beine cat by a network of subparallel shear-

planes along which the rock is ground down to a fine, nearly 

opaque dast. Long needles of chloritoid can be seen de- 

veloping in places, curviag round the violent folds. 	In 

1362 and 406D chloritoid laths reach an average of 1 mm. in 

length. Mate 	, of 406B shows very beautifully tae wad 

in which the chloritoid laths follow the folds: instead of 

being cracked, they bend around the crenulatiens, with con-

tinuous growth preventing disruption. Set opposite is the 

photograph of the oolitic limestone from close by, to indicate 

the low grade setting. 

In the central structural unit of the Charles anticline, 

rotk oi the green aelltic facies seen in the north seem to be 
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lbeared out or lost by facies changes, except perhaes in 

one or two localities. Below the overthrust upper struct-

ural unit on south etudmosefeeliet occurs a zone of intense 

movement, the autoclastical4 mixed rocs of which have 

been mapped. From within this zone on 'the Citadel", 

below the lens of epidiorites and mylonitee, comes specimen 

12e,9 with i mm. laths of chloritold. 

In the Scotia group around Scotiaefeellee itself ere ,  

a series of occurrences of chloritoid which were noted be-

fore the verious subdivisions of the Scotia group were 

mepeed in detail. The occurrences were all later found to - 

lie in one particular part of the series only : and to be 

located where movement was obviously intense. Slide 1001, 

which shows clots Fine radiating needles of chloritoid in a 

fine mesh of quartz and muscovite, is from the soueh of ehe 

anall area shewn on diagram 1 Te.ethe location is indicated 

by a black circle. 	Here the central grey slac,e horizons of 

the group are brought into the zone of intense Ceforeation 

where the inverted Scotiaeroup rocks ride ferward over the 

Faglehuk quartzites, the rieht. way up. 	i)rofile-eUi.) in-

dicetes the structural situation, on this line, of extrelue 

movereent. 

The other occurrences in this area are on the north-

west ridge of Seotiefjellet at a height of about 1:)00ft. 

Here n series of slides has develeeed within he Scotia group, 
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associated with the advance of the recumbent antic]. ine. 

The country rocks are no more than slates and this locality 
was selected as an excellent sxamitha of the formation of 

chloritoid in a )l'actically umetamorphosed env in nt. 

Aides 12441  1948, 19491  19b1 and 1955 to 1966 eere studied 

in detail, and reveal. a consistent pattern of challEes 

occurring as each thrust is approached. 

The figure (diagram 4  ) opdosite is a diagrammatic 

section showing the true relation of :.he various eutcrs. 

(The beds actually have quite a hivh 

Lelow the lowest thrust are thin sections 1944, 1948 
and 35;49. 	1944 has been microphotographed, plate ,1;1,4.1  to 

illustrate the very first stage of the process, in slaees 

18ft. below the first thrust. Tiny laths of diloritoici 

Can be seen developing haphazardly in the mass of the rock, 

and - more plainly visible - in the small quartz se6re- 
gations. 	In slide 1948 the quartz - chlorieoid patentee 

are more nallero s ant larger, forming streaks alic: lez.ses, 

mica laminae are less continuous as a result of this de-

veloping segregation. A good deal more chloritoid is seen 

now, 'usually in the Q.artz areas. 	they are larger laths, 

but still stubby in shape. 	he whole rock begins to tae 

on a much more fully recrystallised appearance than 1944. 

In Ipeciraen 1949 les than :3ft. below the trust 

plane, the chloritoid develops on a large scale - 1 mm. 

patches and lenses of quartz and chloritoid lie amad 
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intersecting bands of mica: and .here is (4 marked ulifor-

eatiation into these separate area (see plate C16. 

Chloritoid now forms rosettes oral long needles in the quartz 

segregations: within the mica, however, the for is a1says 

lath allaped, 	sub-parallel to the developing scniS- 

tosity: 	the mica is rine-grained. 

From 3ft. above the lowest thrust comes 1.901, very 

similar to slide 19.1., except that tire late shearing has 

produced large amounts Oi retr4-rade c.dorite (from mica) 

but this has not broken down the enloritoid. In 1b, aft. 

above the lower torust, we helve returned to the condition of 

- a sl,-,Le dotted with tiny chloritoid lathe. 

Abruptly a zone of distortion follows, a quartzose 

band showing fantastic strain effects - widl the production 

of Bohn lamellae in a patchwork of greatly elongaLec crystals 

(plate 	„ 	Abandant chloritoid, in rosettes and needles, 

develops in the pelitic bands (only partly recrastalu-Lseel) 

bordering the quartz. Chloritoic can be seen in the zone on 

the left of the photograph. 	511de 1957 sties even more ex-

treme listortion in the quartz bends : patches of recrystallis-

ed mict, have subsequently been puckered to such an extent as 

to simtlate under crossed nicols, the appearance of a 

crump:ad piece of shot silk. 	ithin this are abundant laths 

and rolettes of chioritoid. 

7he rest of the slides conform to the sequences dee-

cribed above and there is no need to describe them in detail. 
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The photograph, (plate ,;291,  )) is of 163, typical of the 

stage described under slide 1949. 166 and 1S66 are slates 

from the top of the chloritoid zone, about 40ft. above the 

base)  and are)  as it were)  mirror images of the first slide 

1944. Beyond this the slates are unaifected. 

In the southern half of the island, diloritoie is 

developed in green and grey pelitic rocks of the 4srr group, 

in a biotite-e7rade environment. 	The resulting rocks are 

exactly similar to those described already, though occasion- 

ally they nre of coarser texture. 	Alon the line of the 

upper of the two yret southern thrust-dlane 	on Alasdair- 

hornet and in Scotiadalen - a belt of chloritoid rocks has 

developed - slides 9.UB )  -)41.. 

The thick chloritoid belt in the vertically d1ostK  

rocks of the east coet of i'eachflya, shows considerable 

quartz veining and buckling associated with the westward 

thru4nAng, but the ees to the west prevents One fio.i bein6 

abie to say that these rocks are efinitely develo)ed 

below an overthrust block. A petrofabric uiagraill was 

mr.de from 200 meaxeremerits of the attitutee of basal Cleav- 

age in the dlloritoid flakes of slide 204. 	This i, re- 

produced oppocite, the slide being ten at right axles to 

the alelost verticei 1iieti o 	2he diagram is thus drac- 

tically 'horizontal': 	the foliaeie is plotted. 	The 

girdle sheee the sae eelationship to the vertical westward 
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lineation,. as did the quartz girdle of specimen l433 (the 

quartz 'sweat' elongate parallel to the movement of the 

thrust - p. ,oK). 	From this it seems probable that here 

too the fabriu in the chloritoid indicates its association 

with westward thrusting. 

In all those rocks described, above which have been 

affected by later stage disruptions, the diloritoid has 

remained undisturbed, while other minerals were broken 

down. The single excetion to this is seen in slide 15y6, 

from the south side of 3elvagen close up against the great 

Tertiary tear fault of 3cotiada1en. dere under extreme 

retrogressive conditLons some of the chloritoid has broken 

down to a fine mesh of chlorite. 

Summary. 

Chloritoid develops in complete discordance with the 

pattern of regional metamorphism. 	It occurs in any zone, 

wherever there is a coincidence of certain critical Con- 

ditions of rock eompositicm and structural seltting. 	Thus, 

on 	elitic rocks of alit El2ae cgAuoQ_ition are capable of 

producing chloritoid, nc ttieL on4y in zones of extreme 

movement. 	The mineral Is extre:11e4 stable. 
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2. The  ggrlIel 

The distribution of epidiorites is snown on the geo-

loEical maps A-L. They are confined to the southern ranEe, 

with the exception of a single area in the centre of the 

island. 

Almost everywhere the sills, acting as struts in a 

pile of incompetent sediments, have taken the bulk of the 

stress and are intensely sheared. The occurrence of 

sheared hypabyssal rocs in unsheared ayuntry rock is a 

v.ell known phenomenon. Over great stretches, then, the 

sills are represented by bands of chlorite schist, often 

thinning and lensing out. Occasionally within these 

sheared 1-0C4.9 are small pods and lenses which nave escaped 

complete breakdown, and it is these that daaonstrate thae 

the chlorite schists are retrograde doicrites, sad not meta-

morphosed tuffs or seeiments. The most southerly el the 

sills is aft. thick, occurring at a height of &)Oft. on the 

ea,,A ridge of .ethuen4ellet. The central 4ft. is less 

deformed than the edge; from the centre is specimen 7V1 - 

(microphotograph, plate 304. 	The rock consists of about 

4U to 	anphibole, 30,k chlorite, l 	quartz, b,f, sptleae )  

5,A, calcite, U biotite, 	magnetite and plagloclae. 

The amphiboles are nornblendes, pleochroic from colourless 

to pale green, and make tp an extraordinarily large part 

of the rock. No relics of original pyroxene appear. TAO 



135. 

crophotograph shows well the retrograde texture of the 

rock. Three or four large amphiboles are seen, mostly in 

the upper half of the photograph. The email opaque crystal 

just below and left of the centre is magnetite. The dark 

meshwork throughout the rock is of chlorite; some granular 

patches and clots of sphene can just be distinguished at the 

top right. 	uartz and carbonate make up the white areas - 

the two being impossible to eistinAuish in the photograph. 

The few plagioclasespresent are between andesine and oligo- .  

clase in composition (An.30). 

About lft. above 791, is a light green rock .which gave 

slide 792. Here there is no amphibole, but a great quantity 

of plagioclase, and smaller amounts of chlorite, quartz and 

carbonate. Me plagioclase is andesine, (An) occurring 

as numeroup small crystals throughout the roc. 

On either side of the central four feet wnich has been 

described above lie one-foot zones of dalorite schist, 

clearly formed at the edges of the sill by more trough 

shearing. 	The microphotograph, plate 50t, is of elide 790, 

from the base; 	the assemblage is calcite, chlorite, 

muscovite and quartz, with minor amounts of manetite. The 

composition is roughly: aalcit* 35k, quartz 3(4.,, dalorite 

20,,, biotite V.V. The rilatione of the minerals are clearly 

shewn in the photograph, the twinning of calcite which 

appears in patches - distinguishing it from the allailer 
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(quartzes scattered throughout the rock; biotite shows u,) 

amid the chlorite by its greater assordtios. 	The two micas 

appear to be in equilibrium with one another; there is no 
evidence here that chlorite represents a more advanced stage 

of breakdown. 

This rock has no suggestion of an igneous texture) it 

is typical of the green schists of the central parts of the 

southern range. relic s of original textures are not Sint 

north of this klethuenfjellet sill until the area of Do 	-• 

fjellet is reached. Before describing the features seen 

there, however, it is of importance to note the differentials 

tion which the ALethuenfjellet sill sheets - with a zone rich 

in mafic constituents, lying below a zone rich in plagio- 
clase. 	It is hardly reasonable to expect a 6ft. sill to 

show magmatic differentiation such as is seen in stratified 

gabbros: cooling one crystallisation are oo raple. The 

phenoslerion is clearly associated with metamorphism ar it has 

preceded the shearing. This is consistent with the structur-

al history suggested in Chapter 111 - the shearing being 

associated with. tae iae, westward thrusting. 

Two thick sills intruded into the Isachen group are 

seen in the area south of Selvagen, and west of isodesfjellet. 

The lower one has a thickness of about 1.)ft. at its siaximusa, 

the hither a0ft. 	Both lens out to the south. 
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In the thinner alil, no igneous textures are ever pre-
served; the rock is-a chlorite-schist similar 4,0 specimen 

790. The hi8her sill however - though for the most part 

thoroughly sheared - sbews pods and streaks, in places, which 

weather oat cJspicously from the soft dllorite-schist. 
Diagram 4.2 opposite is from fieic sketches of the for of 

the pods. On the rioge north-west of Doddsf,iellet, tie sill 

is about 300ft. thick. The top 40ft. are of a dark green 
from 

rock/which comes slide 1072 (microphotograph, p 	 ate Sc), 

about 60 of which consists of plagioclase. The composition 

is andesine-oligoclase, An.30 - forming large crystals Ito 

2 mm. long which have been dissirupted and displacecie as is 

clearly seen in the photograph the gaps are filled with 

fibrous chlorite aggregates. The felspar anew a great 

deal of sericitisation, and some replacement by epidote. 

The whole rock is speckled with idote, and biotite - the 

latter MosGiy later altered to chlorite. Long laths of 

zoisite have Oeveloped, later to be torn into fragments; one 

of Ulese is clearly visible (near extinction) jus6 below the 

right aand edge of the lower of the two large felspars. The 

iron ore is evidently ilmenite (perhaps with a titaniferoue-

magnetite core), now greatly decayed to leucoxene; only a 

tiny opaque centre remains in most of the crystals. 1.-any 

are completely altered, including two shewn in the bottom 

left hand corner of the pictire, and at the-14wer right 

corner of the large plagioclase. 
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2folow the dark green rock of the specimen just des-

cribed, is a mass of chlorite-schist in which are nu)nerous 

pods. From one of these came slide 1074 (microphotograph, 

plate 3O4, 	Granular areas of seal). epidote crystals M.8408 

60 to 7O of the rock. 	Occasional plegioelates remain :-

one lies a little above the centre of the photograph - con-

siderably replaced by biotite. 	any however, are completion 

converted to epidote, and shew as 'ghosts' under low illame 

ination: within these, the epidote crystals are &Leads 

larger in size than elsewhere - 0.1 in. instead of 3.02 mm. 

The avernge size of the felspars was evidently 1 to 1.5 mill. 

In addition to the minerals mentioned above there is 

zoisite - in more equidimensional crystals than in slide 

1072; and euartz is scattered throughout the rocie and occurs 

also in late veins about 1 mm. across, the "wails" of which 

are lined with large epidotes, the centre being filled with 

large unstrained quartzes. Three or four of these veins 

can be seen in the photograph e.g. one ,just right ot tne 

plagioclase, ranging up and down the picture. Titaniferous 

magnetite is seen clearly - the large grain someway below 

the centre, has a rim altered to leucoxene: others higher 

up shew no alteration. 

In this same sill 2 miles further south, a detailed 

traverse was made, but only alit variations in composition 

in the chlorite schist were detected; mach of the rock is 
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exactly similar to the example photographed from eetheen-

fjeliet (slide 790). Slide 2101 from 2,oft. above the base 
of the sill, shows the rock to be ground down to a fine-

grained patchwork of quartz, muscovite au magnetite, (the 

latter making over 10e of the roc) with meuiam-sizec lates 

of green chlorite. Peirly large zoisite crystals evioeetly 

antedated the shearing, and are rolled and rounded. The 

later rucking, seeociated with the upper of the two great 

southern thrusts, has produced a second generation of chlorite 
alone the axial planes of swell folds. 

rods and streaks from this ?art of the sell have eireade 

been mentioned and sketched (thaieraeljta). 	in thin secteee 

they are extrenely similar to slieoaC74, described above alle 

microphotographed, plate Sect), the assemblage being eeidote, 

green biotite titaniferous-magnetite, zoisite, calcite, 
qeartz and sphene. 	The maenetete nere however forms large 

intersecting needles and laths within patches of calorite; 

numerous clots of biotite are partly alteree to chlorite one 

hundred end fifty feet above the main sill, and just below 

the higher southere terust plane, is a large lens of basic 

reek, forming au isolated pod lying amid marbles. 	-leis 

is shaped like a pip, 20ft. long, 10ft. thice, elongated 

parallel to the general schistosity. keny shear planes gut 

the rock but patches of it are les broken down. Mecro-

photograph 2134 (plate3i) is froe, the central 'massive' 

part of the pip; it shows a large amphibole running across 
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the top right corner - strongly. dleochroic green hornblende, 

the abeorption scheme being: X - dale yellow-green: Y - 

strong olive-green: 	- strong bluish-green. The horn-

biendes are all lath-shaped and average 2 or 3 mm. in lengtn; 

they are greatly broken up, and altered to biotite and then 

chlorite. There are numerous clots of biotite, throughout 

the rock, often showing residual shreds of norablende. Laths 

of zoisite up to 1.5 aim. in length have also been fragmented 

and displaced - one is seen in two parts in the middle of 

the lower edge of the photogradh. A great aaount of sphene 

can be seenalong ,:he left side of the picture. Calcite 

occurs as 2atche (top left corner) and as rbombs within the 

mass of .the rock, which is composed of apidote. 	There is 

no quarts. 

The large pod of igneous rock described above la 

surrounded by a zone of serpentine a few inches thick, and 

by an aureole of marble about 3 to 10ft. thick, which dis- 

appears where the pod lenses out. 	The Wtoie is intensely 

sheared. 

Two feet from the serpentine edge of the pod - (which . 

was evidently produced by the movement), yielded specimen-

21231  in the thin section of which large euhedral tremolites, 

over 2 mm. long are seen to be abundant. They a re generally 

aligned parallel to the schist s.ty andintricateJy disrupted, 
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in parts broken down to carbonate and quartz. The rest of 

the roc is a finely granulated mixture of quartz (z,) and 

carbonate (6O) with larger shreds of muscovite, a little 

biotite, and a few snail granules of sphene. 

Four feet from the pod, a pelitic limestone band has 

produced an assemblage rather like that of specimen 256, 

(which was shown in plate ag,,N-and was described in :the rears 

on regionnl metanorphism). 	Here in specimen 2la, however, 

there is only colourless chlorite, and a great deal of 

carbonate. :he rock 2056 au, then represent a regionally 

metamorphosed contact rock, but no intrusion was seea in 

that neighbourhood.) ilAght feet from the intrusion, specimen 

2141 is simply a spotted rock, the spots being, of carbonate 

in a fine grained maLrix of quartz and. carbonate. Aattier 

bet -ter exaAples of this porphyroblastic phenomenon, were noted 

in specimens from above the mainllarge sill leetle.ci - (aides 

2116, 2113, 2122, 2126). One of -these - 2122 - is illustrated, 

pis,te 3th . 	Here the carbonate is clearly dolomite, and the 

fine ra'trix is composed of biotite, muscovite and quartz, 

with a good deal of magnetite. the parphroblasts, reach r 

2 mm. in diameter, have clearly pushed aside the matrix. 

In other specimens replacenent with little distortion of the 

layering of the rock is seen; trails of undigested magnetite 

run:Ang straight through the porphyroblasts spew that growth 

was not aca)mpanied by rotation. 	In the specimen 2122 there 
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may have been some shearing, as the porphyroblases tend 

to be lens-dhaped, the thinning ends of the lenses spewing 

zones of small (0.1 mm) quartz crystals. 	Lince the contact 

effects must have preceded the regional metamorphism and 

thrusting, it is surprising.  that these textures should have 

survived at ail. 

The only epidiorite north of z;cotidalen has already 

been zaentioned in Chapter lee. 	it appears below ehe treat 

overthrust of the upper structural unit on ehe"Citadel", as 

a lens about 60,..ift. thick, and extending at least 2000tt. in 

one direction. 	ieost of the roc(, is extremelj sueared, and 

mylonised; only in the upper 2e,,ft. on doe 'tile Citadel' 

are igneous relics seen, and this may be the only part of 

the lens which was or3Jrina11y an intrusive rocke. Slide 1264 

from the blocky cliffs which surround the peak, shows a 

granulated assemblage of calcite C,,e-e.;, quartz (We.), 

magnetite (10.e), 	isite (5e) awe abo,et 4kee of mica, 

originally biotite, thPee.quarters of it now oenvereed to 

chlorite; also a large crystal of rutile &id many tiny 

granules (0.05 mm) of sphene. 	he slide shows numerous 

shear planes interweaving avong large residual clots of 

misite, magnetite a e biotite-chlorite. 	inc two stares 

of brene6own, first to biTtite, the to eillori e may 
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correspond to the Eeciaence notec in the }elitic rocks of 

this area:- regional etorphias followed by retroLrade 

move.nents. 	This would sut;i:r,est the sill was emplaced be-

fore regional metaniorphiste (end folding) began. The position  

of the epidiorite, however, iests that intr.tion .ria,y have 

taken pdvantage of the thrust plane as a point of weakness, 

the rock being sheared by further movements. 	he evidence 

is ills Ifficient to fix the date of intrasiun in this Case.  

3ummar_y. 

Jheared basil sills are seen in the soutnern range and 

in one locality in .the centre of the island. They are 

dated definitely as pre-folding: Contact metainorpnosed rocks 

survive in one all area only. Assei.ibiLzes produced from 

the igneous. rock by the regional metamlorphism are almost 

com)/etely destroyed thring the thrusting episode: the rocks 

are now nearly everywhere reduced to chlorite-schisU.3. 

kroblemmatical pyroxenite. 

This is a a) nvei-iient point to record the a:: currence 

of a problematical pyroxenite in a small ares amid the 

raised beaches west of 1;k1(nacofjellet. 	The distribution 



ed on .alap B, 	the setting in „)rofiles 	to 

11. 	:he rock is greatly granulated, bas once extreiiiely 

coarse - crystals rcching over lcm. 	In iaany speclm as the 

rock is monominerallic - consisting solely of a colourless 
pyroxene, optical' positive, with a large o tic axial angle - 

either diopside or sugite. 	In other specimers there occur 

slbordinnte•amounts of a second pyroxene wnich is taken to be 

hyperstbene. 	The rocs is thus, perhaps, an extrer;ely coarse 

gabbro, not fitting at all the rest of the Foreland' s Feolo&i. 
It is surrounded by mylonites and presumably re resets 

a tectonic pip, sr7ueezed out of its true setting in a higher 
grade environment. (slides of this rock and the associated 

mylonite ore altmrs 	442, 443, 444, 2069 and 2072). 
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eiiAtlx.ti V • 	t+ 	C At-Ei>ooviDE S or SerTsS ItiEN 

Before discussine the way in which this work in Prince 

C;harles :A)relnd fits in with studies of the Eecla ioek for-

ation elsewhere in 3pitsbergen, it will be aswell to L.,ketch 

in the major features of the,  pre-Devonian geology. 	hs the 

nap (diagram :11-?N) indicates, decla Hoek rocks outcrop in three 

areas - a ',.estern zone (which includes Prince Charles Foreiand 

stretch ink: along the coast from 5orkapp to the northwese 

corner of the mainland; a central zone in the northern part 

of the uainland - Ny Friesland; and an eastern zone repres-

outfit by North-last Land. The work on Prince Charles Fore-

land suggests that this general division into three zones is 

valid geologically as well as geographically. 	In the central 

zone, the metamorphism of the sediments-is tin grade, with 

accompanying migmatisation; compression has been strong, and 

the rocks are tightly packed into isoclinal toles. To the 

east the fol,Auig gradual4 decreases in intreatiU, recumbent 

folds overturned to the east, giving way to open anticlines 

and synclines. The intensity of metamorpniam fails off, and 

low-grade sediments are seen resting unconformablw upon a 

basement of Idadi Precambrian rocks. 	To the west  of the 

central zone, the intense granitistion of the core in Ny 

Friesland also dies sway, and in the coaatni belt is sa
ments are medium or low grade. The north-west corner of the 
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mainland seems to provide the link connecting the coastal a :  

with the central zone; metamorphism and migmatisation is 

more intense there than elsewhere in the western zone. 

Vitally significant is the direction of overfolding 

on rTince Charles Foreland. The only other area in whieh... 

this crucial direction is nown is the Stubendorff mountains 

*here iarland (1941) has Shewn it to be west-ward. 	if We 

may extrapolate from these two areas, we arrive at an excit-

ing picture of the Spitsbergen Caledonides, which is ihcieated 

diagrammatically opposite (diagram4). The fold belt seems 

to take the form of a classical Kober orogen - or a tecto- 

gene. 	In the next chapter the implications of this idea - 

that both sides of a symmetrical fold belt are represented 

in Spitsbergen - are discussed in relation to the rest 

the Caledonides of the North Atlantic-Arctic province. 

The work fro /%.s picture is crnwn is mainly that of 

Sandford in North-Last £.and; Kulling around dinlopenstredati 

i3lomstrarid, Harland, Odell and others in 14 Friesland; 

doltedahl and Schenk in the North-west part of the mainlEind 

and Orvin in the west coast zone. Admirable commentaries 

on the general pro-Downtonian geology have been made by Ciritin 

(1940) and Sandford (195C) - the latter at last establishing 

that there are two great series involved in the decla 	of 

Spitsbergen - an older, highly metamorphic division, and a 

younger series of sediments, which a re high grace in some 

places, but elsewhere are little altered, and lie uncon- 
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formably upon t4,,e older series. 

The most detailed stratigrsphical worst on the lecia 
Aoek formation is that of oskar ,  Kulling, who worked with the 

Swedish-Norweigian Arctic expedition in the summer of 11 

(Kulling, 19.54). Ais results will be discussed In some de-

tail in order to provide a basis for the examination of what.  

is known from other parts of the east and central zones, and 

eventually for the consideration of the i)ossibilitd of 

correlating the rocks with those of the western zone particu-

larly on Prince Charles Foreland. 

From the areas immcdiately adscent to the (C. and, .) 

coasts of ilinlopenstredet, u1ling formulated a sedinentary 

ccesion which can be summarised thus 

4. Cape 3parre Formation. 2,60 to 2,30kft. 
Dolomites, slates, quartzites. Fossiliferous norizon 
at top. 

3. Sveanor Formation. c.500ft.. 
Tillite with varved marls. Variable thickness and 
lithology. 

2. Eurchiggn Eat Formation. c.10,000ft. 
Dolomites and limestones; slates, quartzites: 
carbonate rocks in the upper, arenaceous rocks in . the 
lower part. Further subdivided into 6 series. 

, Cape  Uansteen Formation. Porphyry and agglomerates, 
tuffs, and resorted products of these. Considerable, 
but not accurately known thickness. 
15AAS NOT ii-APOSiz.D. 

Above the volcanies of the Cape iianateen formation lies 

a total thickness of about 1L1 J0ft. of sediments, the top-

most portion of which contains primitive Cambrian brachiopods. 
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This succession of rocks will be discussed with a view to 

ddscovering the pattern of development of geological con-

ditions in the eastern zone. 

t14 	11.44,1,141131.t.Oli 
0.110.111.011111.10•0. 

The oldest rocks consist dominantly of grey-green or 

green porphyry, with subsidiary violet to red-grey porphyry, 

grey quarts porp4m, green-grey quartz phyllites - mostly of 

more or liaa rearranged pyrociastic material - Agglomtrates, 

and conglomerate. Thus mainly intermediate extrusive roces 

are interbedded with agglomerates and tuqs. Ssuartz porpAyrlou )  

sometimes demonstrabls/ cutting the intermediate tisoes, occur 

as beds, or thin sills. 	The basic rocks, occurring abund-

antly in the country east of Jijdefjorden (Blomstrand, 1864) 

may reoresent a basic phase of this volcanicity. 

In the area around Gerardodoen, at the head of Lacy 

Pranklinfjorden, the junction between tne Cape Hansteen form- 

ation, and the i;surcnison Lay formation has been examined, 
makes 

bat the ground is not well exposed, anu the structure mate.er 

interpretation difficult. Kulling observed no well defined 

bfea between the fine-grained tIffs, and the quartzose sand-

stones which here form an infolo of rocks, taicen on litho-

logical similarity to be the beec of the Scorchison bay form-

ation. The ill-defined line of junction was interpreted in 

the field as a zone in which material from the upper portions 

of the Cape itInsteen formation had been resorted: no basal 
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conglomerate was found. Kullihp 1;eileves that the 4W0 series 

are robably conformable but r ervedLy remar4s what the zone 

between the typical/Aansteen volcanic cits ahc the quart-

zitea of the ';,', 1rchison Bay formation could represent a s:naji 

or large interval of time. 

Conditions during the formation of the Cape Hanateen 

forqp,tion are difficult to infer from the descriptionstand 

Lulling does not state his views on whether ehe voica4ics 0 

of marine or subaerial origin. 	The presence of interbedded 

Wrocleatics, au„ the fact that they apparen,-Ly rade upwards 

through fine gr-.,ined tuffs to more pure, terrestrially de-

rived sediments, as has just been described, suggest sub-

mririne xtrusion. 

	 BAY  FO.L1AT10. 

Very roughly 1C:,000ft. thick, the urchison bey form-

ation follows the Cape Hansteen formation, and has been sub-

divided thus :- 

6. 1 	 aeries:  2,1U0ft. to 1,',500ft. The characteristic 
roc is the 14-,:ht grey !ysso dolomiLe, oolitic and 
atromatolitic, dominant in the middle anu lower portions 
of the series: there also occur cark dolomites and 
dolomitic limestones, chert horizons, and some slates 
and mudstones. 

5. Hunnberg 3eries: 1,300 to 2,000ft. Grey and dark grey 
limestone, and dolomitic-limestone are typical. The 
central part of the series is lighter in colour, with 
grey or buff limestones, as well as subordinate red--
brown limestone, and brown shale. dorizons of chert 
concretions, chert conglomerates, ard phosphorite con-
cretions also occur. 
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4. 4eledd ;'earieg: Weft. to 35,eft. Green-grey dolomitic 
siltstone, with dense Lure quertzite, dolomitic slaee, 
51-16 dolomite. 

Asudstup  jeries; 2.,000 to 1,4ee;ft. e‘ecbrown and 
green-grey allele, eartly with carbonates, partly sandy; 
horizons of white quartzose sandotone. 

2. Norvik 5eriesz e.1150ft. Green-i;rey to &reit sandstones 
and slaty sandstones dominate: White quartzite, dark 
grey nude' sandstone and calcareous sanoseone also oceer. 

I. Fiore Jerelela. 2,050ft. White, pink, and some gred-
green quartzose sandstone. 

- eeiTe, 	,eeeakei 

In this great thickness of sediments a continuous 

Change of lithology can be made out, from the sandstones at 

the base, through shales, to carbonate rocks in the upper 

perts. 

The Plore  	nsists mainly of pure quartz sand-

stone, of even grain and with no trace of conglomerate. Tlit 

often quiee pronounced red colour indicates some kind of oxi-

dating oenditions during deposition, but the sandstone is not 

a 'terrestrial 'Old Red' facies type, bat a baoal sancstoee, 

well washed, and probably fonned close to a low lying border- 

land. 	The darker colour of the sue eedirk 4orvik 3andstones, 

the mud film* on the bedding planes, and the shale bands 

show that in this period considerably more m,  d was brought 

into this part of the deposition ares. 	The sandstone is 

dominantly green or grey, perhaps - BCCO ding to 

view 	indicae np a climatic change. 
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In the iiaudstu2Seri s which follows, the shale facies 

is completely dominant altho h horizons of white quartzose 

sandstone occur, and some of the shale bands are very cal-

careous. The colour is alternately red-brown and erey-greeil. 

The dominant oDlour in the $aloOd eri above is aFain 

grey-green, and conditions seem to have returned to those of 

the Norvik period in that tne sandttones of the two are very 

similar; but the mud com2onent i- less marked here. Instead, 

a considerable amount of dolomite occurs, anc silica is ixes-

ent which has been chemically precipitated. cuite pars bands 

of dolomite are present in the series. 

The liunnberg $erila shows evidence of different con-

ditions. Dark coloured, and partly bituminous limestones and 

dolomitic limestones indicate rich organic life in the basin 

of sedimentation: this conclusion is corroborated by pho 

phorite concretions in the middle parts of the series, and 

by Uhe occurrence of stromatolites - of Gyatnosolon type. 

The terrigenous mud is only a minor co,aponeIA in the series, 

mainly restricted to thin, sporadic shale bands. 	The 

(primary) dolomitic component of the carbonaceous roc. is 

fairly considerable, and narrow horizons of lighter colo4reo 

dolomite, occur subordinaLely. 

In the succeeding lower and midele parts of the ii4opo, 

erieti in which 4ysso dolomite is dominant, the dark dolour 

does not reappear as the formation of pure dolomite d)atiaued, 
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bituminous types being completely absent. Stromatolite and 

oolite str ,eLures are characteristic, enu cherty bands are 

fairly common. 	eieher in the Aysso eeries dark dolomites 

and limestones reaedear, followed by doioelte, area tee by 

thick shales and merle (dolomitic mudstones;. The mud cum-

ponent is teus ae:ain increasing to predominate in the upper 

part, indicating perhaps that the previously negative teedeacy 

of the basin has been checeed - or chat Jhe borderland has 

risen: but the litholowicei facts could equally be eeeiaineu 

ac a result of climatic chances, perhees aseociated with 

increasing relief in the area of supply; the limesaones are 

in any case of shallow water origin. 	the topmost part of 

the 4sso '.eeries coneiste of another quite thin, dolomlee, 

indicating a further break in the supply of land derived 

sediment. 

The Olole cycle of sedimeatatien suggests deposition 

in shallow water with the prevalence of intense cneeicei 

activity in both the weathering zeee, and tee area of oe- 

)osition. 	The basal 3,000ft. of land derived sandstones are 

well sorted, and were laid down in shallow water, sedi-

mentation keeping pace with the sinking of the floor of the 

basin of sedimentation, The shale facies of the seceeeding 

1,200ft. may represem an important deepening of water, to-

gether perhaps with a marked transgression over the area of 

supply. however le, eight alternatively be inLerdretea as 
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evidence of decreased relief in the supply area, with a con-

sequent lessening in the power of the agents of denudation 

and transport. 	Indeed the return to sandstone facies in 

the ;alodd Series interbedded with shales aid limestones)  

suggests)  not a rapid oscillation between positive snu nega-

tive movements of the floor of the basin, but rather a varia-

tion in the nature of supply, reflecting changing a)neitions 

in the area of denudation. 	iielief was reduced as erosion 

previded the materials for the thick basal sandstones, but 

rejuvenation probably followed the deposition of the ianoetup 

shales, the Salodd sandstones again tehdinis to become more sad 

more fine-greined. 	At this point dedooits for mee winin 

the basin of sedimentetion itself, begin their rise to dom- 

inence in the upper 51006ft. of the succession. 	the carbon.- 

etc seterial was for the most part primarily dolomitic, and 

its oriFin lies largely in chemical precipitation, although 

parts are ,,erkedly stromatolitic. 	Beds of chert, and chert- 

conglomerate, indicate the precexice of colloidal silica in 

the basin of deposition, and phosphorite nodules give further 

evidence of the strong chemical activity. Me frequently 

oolitic structure of the dolomite indicates crystallisation 

of successive carbonate zones around a nucleus which was 

being rolled, in shallow water. 	The presence of 'oolitoids' 

which seem from hullilvs description to be fragmentary secon-

dary limestones - the fragments being composed of oolitic 

limestone - further corroborates the suggestion of shallow 
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water, earlier deposits beiry now an(. then broken up and 

redeposited. 

2. .;WIL/AilaWA 

The 5veanor formation is very variable, both in its 

ickness and in its stratigraphy. In the neighbourhood or 

the type area at Sveanor in North-last Lane a few neasura-

flents have been made varying from 2Wft. to .Vft. The 

tillites are typical , grey or red-brown in colour, the grain- 

size of the 	,.rix being from 'sand' to 'shale', enclosing a 

v?„riety of ang31ar framents and striated boulcers. The 

succession n&ar .;veanor is detailed below : - 

Grey, black, an,. red-brown Shales. 
26ft. grey dolomite, yellow-weathering. 
50ft. grey tillite: grey laminated shales with numerous 

striated boulders. 
30ft. red-brown to grey tiliite; sandstone wii,h small 

boulders and fragments. 
66ft, grey tillite: laminated shales - numerous striated 

boulders. 
30ft. red-brown tillite: slightly phyllitic shale in 

some horizons abundant boulders. 
130ft. green-grey tillite: sandstone with numerous 

IsouIders. 
203ft. light grey sandstone, similar to the matpix 

of the tillites above. 
Narrow dolomite horizon. 
3hal es wad warly sandstones. 

The fragments are mostly of light arc dark dolomites, 

often showing oolitic and stromatolitic structures, - and 

are clearly derived from the upper parts of the 	ncon 

DV formation. 	0 repr%sentatives of at least the lower 
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three divisions of the ieurchison i3ay formation are seen, ad 

the presence of material from the Alberg series is not proved 

as the dark limestone fragments could jus e as well be as- 

cribed to the higher Aysso series. 	Last of Sparreneset 

about .90e, of the boulder material in the tillites consists 

of dolomite from the ie'urchison Bay formation: the rest cone-

sists of some slaty rooks, but largely of igneous material 

including pink granopbyre, granite-porphyry and aplite, 6Te‘ 

medium-grained granite, micro-poikilitic porphyry, quartz-

felsite-porphyry, syenite, keratoplyre and a series of inter!,.. 

mediate to basic surfece voicanics of trachytic and ophitic 

texture, trachyte, 	aulygdaloidal basalt etc., 	easic 

tuffs are also represented, but there is no gneiss or coafse-

grained granite. The granite-porphyry, granophyre and aplite 

seep to represent hypabyssal intrusive bodies. elost of the 

boulders, however, consist of surface volcanics: the hype-

byssal rocks are less numerous and the grey granites are 

entirely subordinate. 

The tillites where examined in detail have proved to 

be conformable with both the underlying and overlying rocks. 

Indeed the lower parts of the formation are often more of 

the nature of calcareous sandstones, without arAd large frag-

ments. Varved marls at Detterbukta, occur in a strati-

graphically equivalent position, but the lamilintion seems to 

be due rA,her to variation in the amount of iron oxiee colour-

ing, than to varying grain size or the amount of mue. 
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formably ebove the Eysso series, without any pesor movement of 

the sea floor le this area (dinlopenstredet). 	The outcrops 

of the source nreaclearly included igneous rocks, but the 

material brought into the basin by the ice wa mostly removed 

from the top of the preccedirs7. formation. 	Splift in some 

part or parts of the basin was bringing the sediments into the 

range of glacial action (above sea level, or within the depta 

limits of ice-scoor) and providing tie material for the 

3veanor formetion. The prevalence or dolomite in tie tillites 

may be a somewhat local feature - and the source area probably 

consisted of a wide variety of rocks. The preponderance of 

basic and intermediate extrusives in the igneous meterial may 

reflect widespread erosion of the Cape dansteen formation, or 

mAy be due to the persistence of this rock type throsgt con-

ditions which would break down fragments of acid rocks, such 

as the coarser granites or granite gneisses of P.rcnaeanse3e. 

It is alternatively possible that the basic volcanic fragments 

were cerived from ezIrskeleYee 	LIL2Its4_or 

2ereneoue with, lee 48119 dolomiIee, occurring in the area of 

glacial erosion, but not reeceine this area. 	ibis would 

certainly help to exoleis the notable aJosence of material 

derived from rocks between the 4sso series anLi the Cape 

Janst.een formation, particularly the hard massive quartzose 

sandstones of the lower oart of the irchison flee fornation, 
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Which might have been expecte to ocear In rAband*,hce if 

erosion ha6 cat through tp the level of the 4,;ape liaz.steen 

fort ion. 

The veanor period, then, shows in tai area a con-

tinua t ion in the disposition of tae basin from Igsso times, 

though a considerable time gap may be inferred. 	The source 

area, however had risen, and sediments oL the basin, ,just 

previously formed, were brought into the s„)here of glacial 

erosion to provide the dominant boulder material of the till  

4. cAeliAk 	MmikTiOti. 

In detail the stratigraphy is as follows 

7. Upper dgleg4te serieg. 4.- .o-44,-. 460ft. to 660ft. 
;Vt. 3parreneset 12,Oft. of dark grey to black 
dolomitic mudstone with trail marks and braChlopods, 
lie above two or three hundred feet of grey dolomite. 

6. Upper quartkite aerie. 36uft. 
Variegated quartzose sandstones and slaty sandstones: 
some dolomitic mudstoae. 

5. Jppe lith.Q_Ieriag. 425 to 460ft. 
Shales ariu laminated dolomites with streaks of cAere; 
the shales are green-grey nnd pink. 

4, gidole  quartzite Igrigg. Thin. 
White and rod-grey quartzose saL4ston*. 

3. Lower  dolomite gerigg. oaoft. 
Dark grey and black dolomites and dolomitic 	stones.  

LQWQr quertzlIe erts. 1L.; to 130ft. 
hite quartzose sandstone - bauly exposeo. 

I. Lower shA.p series. 820ft. 
Grey-green and red-brown shales and marly madstones. 
At the base is a narrow horizon, 30ft., of hard 
dolomite. 

The total. thickness is thus roughly 2600 or 2300ft. 
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Fossils are known from only the topmost horizon, but 

exposures are poor in this area, and further study may yield 

fossils from lower beds in the Series. 

The thick basal shales probably represent post glacial 

mud, above the narrow dolomite which ielmediately follows the 

Sveanor tillites. 	It is interesting to note the formation 

of dolomite immediately after glaciation and, on ,:le.ieuesoya, 

possibly contemporaneously.  with .be  tilIite. 	The muus were 

presumably deposited as the glaciated area rose durine.  the 

retreat and melting of the ice. 	The succetiiiii:: roartzose sene- 

stone nay indicate ahallowing, but the thickness of this ane 

the succeeding dolomites - Which are all probably shallow 

water deposits - indicate chat the floor of ehe basin was 

continuing to subside steadily. Land derived material again 

comes into dominance in nwelbers 4, 5 and 6 of the scheme ovef-

leef - another rejuvenation of the soerce area is indicated. 

e.LId cracks and ripple marks on the surface of the geertzose 

shale indicate that the sea floor rose at times to around seo 

level. Deepening presumably occurred as the thice upper 

dolomite series vas formed, the supply of land derived mater-

ial having once more become a minor factor. 

At this point the fDssil evidence fixes the age of the 

beds as Caeibrian. The inarticulate brachiopods found are 

mainly of the Lingulella end Obolas types, - and include 

Lind 	sp., indicating fairly definitely a lower Cambrian 

age. Fucoids and trail ears ere also common, iecluoing 
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marks of some Heiminthoidichnites tcilanolites types. 

The succeeding rocks have all been eroded and no further 

direct evidence of the history of this part of Spitsbergen 1.6 

available, until the major Caledonian folding began. 

The other stratiraphical accounts dealing with rocks 

in the eastern and central zones comprise tie work of Sandford 

in .North-Sast Land (1926)1060): and Blometrane (1364)1  

Fleming and Ldmunds (1941), Fairbairn (1 • ) 	ueU (127), 

and Harland (1941) in Ny Friesland. 

Further to the east than .6.ulling's tape area, in the 

region of Rijps Bay and Cape i'laten, Sandford (150) has 

worked out a succession from the field notes mane by Glen 

in 1035-6. The rocks are exposed in a broad oxen syncline 

occupying Loven Peninsula, the axis plunging to the S.S.. 

The succession in the west limb is not identical with that in 

the east limb )  and Sandford compares the two sections :- 

The 1;est Limb. 	 Thickness in ft. 
Si. Black shales. 
8. Grey dolomites with greenish shales )  soil,  

quartzose beds )  and quartzites. 	 166 
(ihite and ye.dow quartzitee-) 

7. Quartzite series(rip,ae and surface marks 
GZasslve grey quartzites. 	)9a) 
(Thick and alasAve white & 	) 
(purple quartzite. 
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6. Grey black shales. 	 130 
b. Flaggy quartzose sandstones with ripple 

marks and surface marks. 	664.) 
4. Shales interbedded with quartz sandstones. 
3. Black and grey slates or Shales, and fine-

grained Frey quartzites. 
2. Black and grey elates or shales, and fine- 

grained grey quartzites. 	130 
1. Porphyry and black shales with veins of 

red granite in the lower part. 
Grey granite etc., veined with red granite. 

Lia)12.  
Black . -nd grey shales with siltstones. 	V 
Gap. 

(Yellow,pink & green 
(quartzites, 56ft. 

7. Cuartzite series(Grey quartzose sandstohe) 
50ft. 	) c.650 

(Red sandstone, 33ft. 

6. Grey black shales. 
5. Cipartzites with red sandstones, some 

dolomite and white quartzites. 
4. Alternating beds of green,grey,brown, 

purple and yellow shales. 
3. Grey to white quartzites, with 33ft. 

black shale band. 
2. Interbedded siltstonee and black shales 

and quartzites. 
1. Black Shales and phyllitee. 

Red granite. 

Certain discrepancies are seen, particularly in the 

thicknesses; some of these, however, (for exariple numbers 

.5 to 3 of the it limb) had to be calculated from width of 

outcrop assuming an avernge dip(40Q). The importance of the 

differences in lithological details is difficult to estimate: 

in view of the practical difficulties of observation it iLight 

be unwise to infer any variations of coLiiitions over tills an41 

as plIch. It is, however, of value to compare the succession 

and thicknesses with those of the i:-urchisonfordeh area. 

Ine ast 
9. 
8. 

 

1440 

855. 

410 

c.230? 



161. 

Sandford considers that beds 1 and 2, above, probably re- 

present the top of the Cape lanskeen fOrmati'n. 	The 

of quartzites with shales of beds 3 to 7 are the flora 'Series, 

and beds 3-9 probably belong to theorvik 5eries. kerhaps 

the most important point is to eom?are the Flora 6el.ies dere 

with the rocks 40 milesto the west. The taicknese is very 

similar - around 2,000ft. Lithologicelly the important 

difference is the occurrence here of a fair proportion of 

shale in the series, - beds 4 emu 6, whereas in liurchison-

fjorden the rocks are all cuartzose sudstonee. 

The sandstones of the Lovers keninsala were obviously 

deposited in shallow water; rip,ile marks and suncrecks occur 

at several horizons. 	Impress: ions of algal type and trail 
marks ()cell- on some of the ripplemerked bedding ?lanes of 

the Flora Series - a feature not noted in the type area. 

Further east thee the Loven genic 	on 4ijps keniu-

sula itself, the gesloz:y is less well known. Sandford be- 

lieves that the Cape 	steen formation lies undo-forwablY 

al-Jove tat older red add grey granites ann gneisses w,ach out-

crop to Lhe east, and most of the sediments are of the Flora 

Series, little or no more of the elle-cession being represented. 

Structurally it is important to note the marked con-

trast between the open synclines and anticlines of this area, 

and the tight folds of Murchisonfjorden, somatlfts lsocllual 

arid overturned lo the east. 	The degree of shortening due 	to 

folding thus decreases rapidly as the bees are followed 

eastward. 
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4ork  in Uy Friesland. 

Turninv now to rocks in, and on the flanxs of Il& 

Central zone, we find that sacoesEions are more fragaantarY 

than Kulling's, due to the complications of intense, isoclinal 

and mediu to high-grac,e metamorphism aad graniti-

eaticm. Blomstrnnd nnd r:ordenskjold in L361, nc Fleming 

and .dmunds in 1933)  worked in the northern part of New Fries-

land, reLlpective4y west and east of the central core of gneiss 

which separates the sediments of the peninsula iota two prov- 

inces. 	Odell in 1921 nd 1923 also worked in the eac,tern 

part to the south of Fleming 5nd Lund' area, 	.:ore recent- 

ly t.B. Harland has studied the high grade Heia Hoek rocks of 

the Stubendorff mountains - 13 - and extended that work nortn-

ward in the sumilers of 1949 and 1051, also linking up hie 

Observations eastward to those of Fairbairn (193), and to 

1Jdell's area. 

.4.01.441,U visied the districts of Lom.forden and 

Sorgfjorden briefly in 1931, to discover if the stratigral)h-

ical divisions he had worked out in North Last Land could be 

applied. 	His mapping in Loin fjorden, and his section, re- 

produced opposite, indicaie that the roçcz can bedirectly 
correlated to the type SUCCeSSiOA. 
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41seviere, on the east shore of the ford, and on an 

island east of Faxtvika, there is clear evidence that the 

highest beds shown in the section above are followed (further 

to the east) by -,he 4sso Series - with typical gysso dolo- 

mites. 	iembers or every tart o1 the Lurcaison zisy Formation 

are taus recognised here, and the structure 	interpreted 

as consisting of tight isoclinal folds whose axial plar.es dip 

slightly north of east. 

describes the section as follows 

A.  
dolomitic limestone. Land 

;- 

dunntLer6 

B.  65ft. gap. 
920ft.grey green slatey quar tzite, 
[ 

al,u Jalodd 
dolomite. loft. and 

Aanustop 
C. r325ft. gap. uerles. 

1160ft. grey-green shale. 

D. Dark grey slaty quartzites with 
quartzite and phyllite bands. 

F. 4iartzite often laminated. oeries. 

ick bedced grey, ry-greenl or 	Flora 
d-brown quartzites (with one 3oft.] Serie s. 

i- 

ban& of dark phyllite in o). 

It is difficult to infer very much from these ob- 

serVations as to lateral fades changes in the ,urchison 

f:ia Format on. 	In general the thicknesses are less tnax 

in ;,orth -.ast Land, the Salodd ant i.oandstlp series together 

totalling 10500ft. se opose6 to 1,300 to 2,o0Oft, In the 

type area : the No.roik series is apparently 700ft. thick hare, 
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1150ft. in Murchisonfjorden. 	It would be unwise, despite 

this, to be certain that these differences are cue to original 
variation in the thickness of the beds, s'.;.nu not to repetition 
by folding on the one hand and tectonic thinning on the other; 

or even to the difficulties and sparsity of observation in 

these districte with their extensive ice cover. 

in the area around Sorgfjoreen the rocks are actin of 

similar lithology to those of the type section, but 'Kullines 

study was essentially confined to a traverse across the strike 

in the region of ler,Je Hoekfjellolt, east of the f,Jort4. 'His 

observations and interpretations are given below, horizons 

outcropping from 	to L;. as follows. 	a accurate estimates 

of thicnesses are availble. 

Uunnberg 
Series. 

Salodd, 
RaNdstlp, 
?Norvik 
Series. 

(41. 'White crystalline limestone. 
(K2. Narrow horizon of grey dolomite. 
(Ks. Dark grey., phylliiic limestone. 

(K4. Grey and grey-green slate, and grey 
( 	slate. 
(Kb. Grey-black shale. 

dolomitic 

(K6. Hard pink quartzite. 
Flora 	(K7. Grey, finely bedded qAart .,,ate. 
Series. 	(KB. Light grey quartzite. 

(K9. Pink quartzite. 

1;or ik 	(K10. Linrk grey finely bedded quartLate eries 
2.)er es. 	with fref::uenx. shale films. 

(K11. Grey green to light grey derlse, slity 
quartzite. 

Salodd 	(K12. Yellow-we7,1thering grey slates, dolomitic 
5eries. 	slates, and dolomites. 
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Aunnberg 
Series. 

Flora 
Series. 

Series. 

Raudstup 
Series. 

Nervik. 
Series.  

(K13. Grey cale, phyllites aflc.. phyllitic lime- 
( 	stones. 
(K14. Grey phyllites, and darker phyllitic lime- 
( 	stones. oolitic 

(Km. 	kite and pink q 61. 'ites. 
( 

(K16. Grey-green slaty quartzites; suUordinate 
white quartzites; eilber(44Rate-wke 

( 	q.aartaites. 

(K17. Dark violet and pale grekln shales; some 
carbonaceous. 

(K18. Dark grey quartzites aria slates. 

The standard stratigraphic scheme is thus, to some 

extent corroborated, but fairJ considerable tectonic dis-

turbance has to be invoked, anc thicknesses are not forth-

coming. 

	 and 	(1941) work to the south and west 

of Sorgfjorden is much more useful in this respect. 

in the Syd range and to the east and north-east of it, 

the succession of rocks exposed is as follows :- 

4. Thin series of dark sandstones, ,;;ith some dark grey 
laminated shale bands. 

• (320ft). 200ft. of light coloured (pinkish) quartzites 
overlie 120ft. of even bedded white, pink and green 
quartzites. 

. .(200ft). 'Grey sandstones with thin bedded, laminated 
black shales rarely more than 3" thick. Considerable 
tectonic contortion. 

1. (Over 300ft.) Pink and light grey quartzites interbecicec  
with very thin shale bands and lenticlesf  in places 
phyllitic f ripfdle marking in the quartzites. 
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The massive brightly coloured quartzites of 1 an 

ere attributed to the Flora 1.eries, and 2 is assumed to be 

an infold of the NOrvik eeries, with its greater proportion 

of snaley material within dark sandstones and thin-bedded 

quartzites. 	The thickness, slightly more than 300ft. is 

vastly different from the figure of over 2,0Wft. wnich 4ulltng 

gives for the Flora Series of rehisonfjorden, and it seems 

to the present writer more probable that the whole APIP,Qt1. of 

quartzites re,)resented by 1, 2 and 3, belong to the Flora 

Series. The evidenee is too uncertain to justify any really 

definite conclusions. 

The Syd quartzites contain shale lenticles and thin 

bands, some of which tri'phYllitie. In this they differ from 

the Flora oartzites of the type area, but resemble the facies 

developed at Faxevika. 

To the east of the Syd Glacier, Lie quartzites a.aiu 

appear, predominantly red, but with green and white members. 

iney are of characteristic 'Flora' type, and demonstrate that 

the series despite the prevalent high dips, is repeated at 

the surface over quite a large horizontal distance, due to 

the isoclinal folding. 

Continuing eastward the quartzites give way to laminated 

shales and dark quartzites of 'Norvik' type, associated to 

the east with yellow, well banded, siltstones and muLstones. 

The next part of the succession is detailed below:- 
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Laminated shales - weathering yellow green.) 
Green and purple cleaved slates. 	 ) Sveanor 
Purple cleaved inter with granitic pebbles Formation. 

and fragments.  

	

12. 	2.ift. i-ight calcareoun coe.O. merete, and liMe 
cemented ooliee. 

	

11. 	350ft. Pale grey and white bandee limeetone. 

	

10. 	100ft. Grey massive limestone. 

	

V. 	120ft. - yellow green, banded, flaggy siltstonee. 

	

8. 	5400ft. White Massive limestone ane dolomite with 
cherty limestones. 

	

7. 	120ft. Dark grey limestone. 

	

6. 	200ft. Light grey maecive•limestone, with banded grey 
limestone. 

	

5. 	220ft. Black ehaly limeetone. 

	

4. 	60ft. Grey limestene, 

	

3. 	250ft. Black shaly limestone and dark grey limestone. 

	

2. 	450ft. Grey limestones and dolomites. 

	

1. 	300ft. - Dark Shales. 

This limestone series comprises a diverse and interest-

ing group of sediments, which include, - besides more normal 

dolomites and limestones - che rty limestones, ealcareous sand-

stones, and limestone breccia in which angular fregments of 

porcellanous limestone are cemented in a uerk matrix of 

coarsely crystalline calcite. 

Towards Lhe top, not far below the Sveanor formation 

calcareous sandetones are developed. These show rounded 

quartz grains u to L116 inch in diameter, with small amounts 

of felspar - mostly oliEoclnee, -some microclane: a little 

detritel tourmaline 9n6 rutile is present; the calcite occurs 

as a. fine matrix but sometimes also a. rounded grains. The 

larger particles of quartz, though much recrystallisation nos 

occurred., often show that they are fragments of a pre-existleg 

finer-grained, cemented. sanestone or quarteite. 	e.eeze are 
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therefore, at leeet eartly, second cycle qearteites or sand- 

stones. 

The calcareoes and. dolomitic rocks of Gorge Valley 

reach a thickness of roughly 2,400ft. They eviuently corres 

pond to ehe Aunnberg and aysso Series - but do not reach tee 

thickness of 4,000ft. seen in the type area. 	Flemine eeie 

Edmunds believe that the upper pelts of the iersso eeries are 

absent here, partly because they failed to find and large 

development of the characteristic ilysso-dolomite facies here. 

The less c certain part of t,he cormiataun is the precise 

identification of the members of the 3alodd and Aaudstup Series. 

The eieeft. of dark shales below the limestone series is separ-

ated from the Norvik 3erees here by a large gap in the ob-

servations. 

The fine grained slates above the limeseonee, are un-

questionably the 5vesnor formation. The sletec are of two 

colours, a purple Trop is overlain by a green group - the 

latter with segregations of fine purple coloured material. 

Both .groaps are fiseele fiee-grained slates. 	The purple 

group below coetneens pebbles of end boulders of granite (pink) 

up to 1 or 2ft. in diameter, which are well rounded and much 

weateered. They have an irregular distribution, and appear 

to have sunk into the soft fine material from above. The 

series is coeformable with the limestone series saci is clear4v 

a tillite deposited in water. 



The boulder Ixpterial, the source of Which is not 

25 in :narked contrast to that in the ty,)e locality at L;veaaor, 

where dolomitic and volcanic frwments are almose exclu ive 

found. 	:this is not very surprisilv for if the deposit is 

cce)ted as a marine Unite, it would be expected that the 

boulder material should vary sanewhat from one locality to 

another, and also that the beds Should be found to rest on 

various horizons of the iVsso series - or evea older rocks 

at different places. Here in Gorge Valley, Fleming and 

udmunds believe that the up„)er )art of LAS .4ysso 6eries is 

missing, and that its erosion say have provided material for 

the deposit at $vennor to the east. 	he Sveanor tillites are 

presumably diachronous, though within a definite, and fairly 

narrow, time-range. 

Fleming and Edmunds also worked oat a succession in the 

Rosen Mountains (see Lap;,4044, which con:esdonus very closely 

to the observations made byulling on the west side of 

3orgfjorden, - about 10 miles north, sac cirectly along the 

strike. The two successions are set °et below :- 

4est. 	..iest side of i>uner Glacier 
(F & te). 

Carnetiferous mica-schists. 
Light quartzites. 

Green chioritic schists. 

Dark coloured limestones. 

east side Treurenbere-
ay (.62) 

Light coloured mica 
quartziAs. 

Grey phyllitic mica 
schists. 

Grey marble (The 
'solitary layer'). 

Green schists or phyllites. Grey phyllitic mica 
schist 0,  mica Quartz 

phyllite( Aeeiale.) 
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Light coloured quartzites. 	White ,o piak ci!_tarLzit, 

iLast. 

The light coloJre cl.lartzaLes are principally ink, and 

resemble the Syd q...wrtzites. 	The green quartz-mica phyllites 

and schiats which follow, Kulling idehtifies as, he 14orvik 

Series. 	2Quft. of limestones follow at ,he Juner Glacier, 

after a zone of 16ft. in which limestone alternates with schist. 

Beyond this, and to the west, green-grey phyllitac schists 

follow the limestone, similar to the rock; east of it. 	ihe 

further fact tha t light coloured quartzites occur west of 

these, sla'ests the possibility that structural complications 

may he involved, the limestone occupying the centre of an iso-

clinal syncline. 

The occurrnce of a dark coloured limestone lying 

iediately and, apdarently, ovhformabli above the Narvik 

Series is of interest, when this is compareu with the seq.Aence 

at Lurchisonfjorden, where over £)QLft. of the Raudstup and 

Salodd Series separate t 	orin.c 5eries fr-)La the first carbon- 

ate rocks of the bhirchison lay Pormation. 	point is 

discussed later when a more general discussion of the various 

correlations is undertaken. 
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4ork by Fleming and Lars at the head of Gullfaxe 

Glacier yielded the apparent succession :- 

	

10. 	Gneisa with felspar porphyroblasts. 
9. 10e-,ft. lLaasive pink nnd white quartzites. 
8. 100ft. Green schists wit thin dark quartzites at 

eastern end. 
7. c.2QC)ft. Gneiss with pink felspar porphyroblasts - 

similr to 10. 
G. c.10ft. Banded green quartzose schists interbedded 

with thin dark quartzites. 
5. 200ft. Massive, and fine banded red quartzites. 
4. 300ft. Banded quartzites with green schists and 

banded quartz schist. 

	

3. 	50ft. Compact quartz-mica-schist. 
2. 10,)ft.reen schists and banded quartz-schist. 
1. 550ft. Yellow green and red quartzites, rather 

thinly bedded. 

6T. 

No discordance between any of the beds was observed, 

but it was noted that they fall into three classes, which 

are repeated :- thus 1, 5 aad are light coloureol  uaily 

pink and white, quartzites; 2,,4,6 and 8 are green senists, 

phyllites, and quartz-sChists with some thinly bedded dark 

coloured Quartzites; 7 and 10 are gneisses, apparea4y 

identical petrologically, The light coloured quartzites 

are taken to represent the 'lora series : they closely re-

semble the Syd quartzites. The phyllites and euartz sehists 

of numbers 2,3,4,6 and 3 are identified as the liorvlk Lieries. 

A great amount of isoclinal folding must have occurred if 

these identifications are correct, but such seems not un-

reasonable from a consideration of the regional structure. 
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QiisJsieISSa  work in 1223. and ISZ; was carried out about 
25 miles further to the 	but, very close to the area in 

Lomfjorden wnere Kulling was dele, in 1.:131 to recognise the 

stratisraphical units he had proposed for esirchisonfjorden. 

Qdcli's succession is as follows ; he divided the rocks into 
two series :- 

Upper ',Series:- 
7. Cherty conglomerase. 
6. Black and white chert horizon. 
5. Pale and dark dolomites and limestones of 

great thickness, inclading an introformational 
conglomerate and an horizon of oolite and 
oolitoid 4ysso-dolomite. 

4. Red shales with thin quartzites and quartzose 
slates. 

Lqwer Series:- 
3. Dark dolomitic limestones and pink asd grey 

streaked warbles. 
2. Dark laminated shales or siltsto.ies, hard buff 

coloured and blue slates, often spotted and 
interbedded with pink quartzite. 

1. Purple massive quartzite ) 
kink massive quartzite ) About 1,0004—exposed. 
Yellow massive quartzite ) 

)dell suggests that the thickness may exceed 52,eeeft: 

in the neighbourhood of the Bear La' Glacier the upper series 

alone seems to reach 10,000ft. 	The evidence is however, 

admitted to be far from conclusive, tulling sagFeets that in 

view of the complicated tectonics, which dell makes no claim 

to have worked out in detail, the tsicknesses have been very 

much over-estinsted, oarticslarly as the stile of foldileg is 

isoclinal. 

The correlation is otherwise good. Number 1, the 



masvive quartzite, io the Flora Series. 	The thickness is 

only 11000ft. but the base is not exposee and clearly' only 

the upper part of he series has been examined. 	The dark 

laminated. shales interbedded with quartzites constitute the 

Zorvik Series, here apparently less arenaceous than in the 

type area. The nark dolomites above (3) do hoe correspond 

in lithology to the 1,000ft. of shales of the iiandstup Series 

which follow the Norvik Series at leurchisonf,iorden. 	They do 

however agree with the observations of Fleming and iedwunus 

at Lhe Gullfaxe Glacier, and there seems some doubt as to the 

correctnes of uflitis views on the classification of this 

part of the 1Zurehison 13ay formation. Kulling maintains his 

etandard sequence despite this, and suggests that Odell has 

misinterpreted the stratigraphy, and that the positions of 

and 4 may in fact be the reverse, that is to say, tat the 

red shales of 4 lie above g and are tgllowed by the dolomieic 
limestones 3. 

The next series, number 5, must correspond for the most 

part to the 'Aysso Jeries, with the typical Ayseo-dolomite 

lithology, although the uppermost shale beds of the eries 

are not present here. erobably the chart horizons, which 

come at the top of udell's succession are the same as those 

occurring in the central portions of the Ayeso lAries of 

the type area. 

The section, then, extends from a point above the base 

of the Flora Y:eries, to about tue middle of tne yoso e,;eriee. 
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These two distinctive series, and the Norvik Series, can 

be recognised clearly but the relation betweellithe beds which 

lie between the Norvik Series and the iysso Series in this 

areal  and in the type area, is less clear. lulling believes 

that the standard succession applies at Lomfjorden and on the 

east side of Sorgfiorden. Fleming and -,edmunds are unable, 

with their fragmentary suceess1one, to connect the Flora sae 

Norvik Series w101 the Hunnbere ene Ayes° series. 	300ft. of 

dark shales, foliowin5e the reorvik Jeries in the ilosen ;mount-

sins, could be interereted es the bs e of the Aaudstup series, 

but there is a large break 	the obeervateons above this 

horizon. 	At Gullfaxe Glacier however, limestones follow the 

Norvik Series. Odell's seccession corroborated trite last 

sequence, red. Shales following the dark limestones, ane lead-

ing to the hysso doloslites with perhaps the dunnberg Series. 

The evidence is about equally strong for the two alternative 

views on the ueonuv of these observations : eieher that 

Odell ha misinterereted the atratigraphical sequence, his 

series 4 being the Jeaadstup and Salodd Series, and series 3 

the Hunnberg Series : or chat here is in fact a. marked con-

tract in lithology• in those parts of he eiurchison iiai 

fomntion lying between the Norvik Series ano the ysso Series, 

over the area so fer considered. 

It would be pleasing to be :tile to draw more deinite 

conclusions than this, but in view of the coaveratively small 

amount of detailed work it:ins been possible to carry out, 
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yet, in these areas, it would be most unwise to discuss )  

for example, apparent lateral clahges in lithology Which may 

be due eaually to misinterpretation or lack of evidence, as 

to features of ale oriEirilal sedimentation. 

On the westerc, side of the central permeation zone of 

Ay Friesland, Elomstrandb work of 1861, and the more recent 

Cambridge 7,:xpeditions under larland leadership have shown 

that the atructure is isoclinal toward the centre, with up-

right axial planes running N. and S., but that towards the 

west, particularly in the Stubendorff oUlttaifls, ret. umbent 

folding and thrusting with n9ppe structures have developed,. 

the cirection of overfolding being to the west. A detailed 

succession for these areas has not been published, but the 

descriptions by Elomatrand of the h4 pert of the peninsula 

suggests strongly that the rocks here are the lowermost 

quartzose divisions of the urchion 6ay formation and the 

underlying porphyries of the Cape dansteen formation. 

Aarlandb descrijtion (L41) of the 3tubendurffs in-

cludes rocks of 'lower I,;Urchison bay formation type', and a 

widespread series of aalphibelites. The latter have also 

been described by.  i'airbeirn (133) in his mainly petrological 

study to the east of the Jtubendorff. 	These rocks are inter- 

preted as derived from recurring flows of basalt interbedded 

with sediments, presumably farther representations or the 

Cape dansteen formation. 

This Cambridge research in h'y 17riesland wntinues, 
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Harland followlw his pre-war work with further expeditions 

in 1949, 1951 and 1952. Stratigraphical reeults calleot be 

expected to be easily worked out here, but the structural 

and petrological data are aireacy proving most valuable in 

the building up of the Hecla Aoek pieture. 

Of the stratigraphy of the west coaotsi zone of the 

Spitsbergen Celedonides surprisingly little is now n. 	The 

north-western dart of the island is an area ehich has under-
gone medium to high grade regional metamorphism and granite 

intrusion, and the studies of Holtedahl (126) and others 

have shown that it is unlikely that a very coherent succession 

could be made out here. 

South of Kings Ba" however, the grade of meteueorpaism 

is less high and stratigreuhical work has been undertaken by 

Holtedahl (191Z) and Arvin (1934) on the mainland, and by 

Tyrrell on -)rince Charles Foreland (2924). More recently 

the Birmingham University iexpeditions of 19.4a and 1951, have 

worked between St.eohns By and Ida Foro, anu produced a 

succession in mnrked contrast to those proposed by )reVdous 

workers, but to some extent similar to the one worked out 

by the present writer on erince Charles Foreland. 
rocks 

The belt of ieeia Hoek/continues along the coast sou 

of IoeFjord, but little has beat written of their detailed 

Otratigraphy ; what has been published Wi be dealt it 

before a discussion of the aecia :lock agr-t41oi iceord is 

begun. 



177. 

Orvin has mapped the greater part of the area betweeri 

Dellsund 	dornsund, and a large amount of work, at, yet un- 

published, has been part 2r written up in Oslo. 	Strong foldinci 

thrusting and faulting have however revented the elucidation 

of the original succession of beds. The sedimentary rock 

types present are limestones, dolomites, slates and phyllites, 

(Thartzites and. conglomerates. Two horizons with thick con-

glomeretes evidently represent large breaks in deposition. 

One of then resebles morainic materil, but Orvin 16 not 

certain that it represents a tillite horizon. Fossils are 

entirely absent, except perhaps for a "tube-like fragment" 

faind in a partly dolomitised limestone on the east side or 

Gashamna in Hornsund. 	Jt is, accordinE to Orvin, "certainly 

a fosdl probably a crinoid stem". These limestones are 

this younger than. PreCambrien, and most probably Ordovician 

They are, accordilg to Orvin, very similar to the Tetredium 

limestones of Bear Island, but he hesitates to identify them 
better 

withoutifossil evidence. 



178. 

The otratlgraphy 	te Leea Hook formation on 

Prince Charles Foreland ;,3 been described in considerable 

detail in Chapter II, 	It remains to consider how it f" is 

the strotigraphlcol dots from the rent of pitsbergen, 

which hns been dealt with in the 	siiynt etapter. 

l'rinse Charles Foreland Unfortunately has no Archaean 

basement, no volcanic serlos no tillite and no fossils. 

An /need:late firm correlat!on with the succession around 

Binlopenstredet cnnot therefore he effected. Or the 

Foreland there r-. re essentle71.y two coherent series of 

stratigraphicel Frouns - the main sequence of the northern 

divlsion,and the gordon-leikle-Ferrier sequence in the 

sout11; rc  well es numerous furtber p7rots whose sequence is 

olcertain. 	The lattf,A. ayll of little help in stratigrephics1 

correlation:, the detailt record of 	is of immediate . 

valve only to increse our estimate of the winloum thloknoes 

of the fecla oek formation on the Island. This figure is 

approximotely 4(, 3:. ft.; the coherent northern succesaion 

amounting to 15 WO ft" the southern to 1.f...),Oo0 ft. 

Reerystailierittml provents the South il.vlsion from 

telling us very much, but t?northern succt..aslon trontlly 

represents a cycle of sedimentation in which quartzites titre 

may to alatas and limestonee am the cycle roceecs. 	The 
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ct;xrt heeding in the quartzite% and detrital limestanee, 

the oolitic structures th the latter, the frequent evidence 

of ateconformity, and reworking of oediw,nts just laid down, 

all indicate tbat 	rocko were depositee in shallow 

enter. The progreasive change in their colpositionis 

therefore n reflection of chania in tho source area and 

not n rout of deeper water, or 	tions furt(4r from 

the W-ore. 

e must thus interpret tho 'Roll sorted, pure 

quartritas as indicative of strong relief and erosion in 

the ores of ouroly. 	The variable facies r,eveloped In the 

Barents group sucest unstable con(Itiona with local 

rejuvenation, diconrority, and reworkin of only recently 

formed sedimental. 

The recurrence of juavtzttea in the Conqueror group 

presumably inelcates more general roluvenntion. 	The cloor 

cortin6 and the nnount of clay material may indieate rapt0. 

deposition, or fooblonos4 In relief and consequently In 

trenerorting and norting agencies. shallow meter, little 

land derived material, a groat Osal of precipitation of 

Carbonates and colloidal silica, characterise the Sootia 

aeries and indicate a low lying borderland. 

A. pnraliel to thts sequence is seen,  in the deveTopment 
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of the Murchiton Bay formation - and for this reason it 

oeme to the writer thtt ers1isa the direction of most 

hopeful enquiry, In correleting the rocks of the west toast 

wit those of 1orth-7aet T,end. 	Thtire are harpy coincl 

domes of lithology - the 'basal quartzites the bseo of 

the rugishuk grow, is not seen) - the succauding, less 

nre, quartzite ser1;o3, rene the final .ofainance of grey and 

oolitic limestones, with charts. Zut the distance 

seprating the two areas makes one cautious of a correlation 

based on filetsiled Cainellenc* rather than an overall 

slmilrity in eevelopment. 

The stratigraphy of the Foreland then la by itself, 

too much oonfusad by the structural complexitis, to allow 

one to fltseoser Its religion t the Heels Boek of the 

eastern zone of flpt stergen. 	in combination with other 

or in the west cost zone, there seems every tope that 

the correlations will eventually be made. To the writer, 

h07.4e7k3r, it seams unlikely that the strattgraPhy of the 

eastern .7,_nd reetern zone will coincle in much detail : 

he work on the Foreland has alroady shown that the Heels 

Hook formation Is there much thicker than in the 

Hinlopenatredat area. 
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CilArTif.li Vt. 	THE 	C A Ler) um it,  Es OV 

,torrt 
	Avre_ft.Nrit, 	Pitov AKE . 

The Caledonian rocks of the rest, of the .orth 

Arctic province (see diagram 21) will now be discussed with 

a view to showing that a common pattern of development in 

the geosyncline - or geosynclines can oe discerned. The 

rocks of bear Island'  Scan6inavia, and Gt.Britain are GIS 

CJS edl and it is suggested finally that the stratigradhy 

and struct4re of the East Greenland fold belt support the 

contentiJn that the Caledonides of the :Ak,ntic-Arctic 

province orovide a very strong piece of evidence in favour 

of Continental )rift. 
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pAit  

A.L. Nordenskjoid visited Bear Island in 1864 sald 

suggested that the dolomites and limestones of the southern 

part of the island were sialilar in age to the rocks of Aekla 

Mount in Spitsbergen, purely on petroloi;iceU grounds - 

(Duner and liordenskjold, 1867).• in inS and 1399, 

J.G. Ander%on devised the first interpretation of the strati-

graohy of the Uecla Ioek strain, and at one norizon found 

fossils which included a species of Tetradium fixing the a 

as 0rdovician (AndeAon, 1900). Holteildahl spent the simmer 

of 1913 on the island, finding further fossil horizons 

arriving at a succession rather different from that of 

Anderson (iolteMdahl, 1920-i) and ii)). 	In 1924-O, G.Aorn 

and, 	Orvin (1923) confirmed. this revised sucees&ion, bat 

showed that Aolt‘gashl underestimated the thickness of the 

strstigraphical divisions. 	These divisions are given be-

low, with the estimated thicknesses accorein -  to the two 

different investigations 3- 

4. Tetradium liAestone 3eries 
(fossiliferous) 

3. Lounger 'L)oloGilite Series 
(foisils in lower part) 

2. Slate-Wrtzite series 
1. Older Dolomite eries. 

ooltakdaal. zieirlo.  orvvi. 

	

ooOft. 	790ft. 

	

890ft. 	1,310ft. - 

	

420ft. 	5?Oft. 
1,310ft. 

	

3,220ft, 	31980ft. - 
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Holtedahl did not cisina tnat his :1. ieures e'ere more 

than an a.d.droximation and tenderer them as 1 111111,11.11J111 thicknesses'. 
Those Fiven 	Horn and ()ruin are proba 	nea.rer tine true 

values so that at least 4,000ft. of Berata of the iiecla 

forisation sre present in Bear island. 

The L01der 	 e Seri, over i,Lek:)ft.tniC, is in 

its lower gaits commonly oolitic, and there occur stromatolitic 

structures of Cryptosoon and Gymnosolon types. 	Some of the 

beds show a.lbani.,7u1Elr fragments of oolitic limestone in a non-

oolitic :aatrix and are thus intra-formational conglomerates. 

The upper part of -the series is more areuaceous and grades 

into the pure sandstones of the slate-quartite series above - 

3ome 	content remains hoevere 	iiorn and Orvin describe 

one example as showing a considerable amount of partly rounded 

quarts grains of 0.2 to O. m.m. diameter, embedded in a fine-

grained ground 'eass of dolomite. The rocs are also 

locally, but not to the same extent as in the lower parts of 

the series. 	Pyrite and traces of microcline have also been 

noted. 

No fossils have been found in the Older Dolomite 3eries, 

but Holtedahl once considered it to be conteavoraneous .witu 

the Porsanger dolomite of Finmark, 	. ,:orwF:y, which he 

regarded as of Ozarkian age. Foyn's oetalid investigationz 

in Finmark led him (Foyn) to conclude that the .-'orssaver 

dolomite was of isocambrian age, and conteeporaneous nth the 
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Tanafeord dolteeite, uederleing eocambrian tiliites. 	int 

belance of evidence, in my-  opinion, favours Point s view. 

( see 	. 	. 

The `'105teeQuartzite series is nearly te)eft. thick, 

consisting of red and green shales and slates with beds of 

quartzose sandstone. 	Details of the succession are not known. 

The slate are exceedingly fine grained, and in thin section 

only a few larger, angular, grains of qeartz can be made out. 

One thin section of the sandstone chows angular quartz grains 

of 0.1 to 0.2 m.m.1  much magnetite and pyrite,' ane the 

accessories tourmaline, zircon and rueile. Another, a 

'white, fine-grained saneetone', snows subangular quartz 

grains of 0.1 to 	m.el. partly recrystallised: accessories 

felspar, pyrite, apatite, zircon, and sericite. 

The Ieeenger Deloeliteerieg has a visible thickness ex-

ceeding 1,300ft. but at no point is there exposed a continuous 

section down into the Chale series below, anti the total 

thickness is not known. The series consists of a uniform 

sequence of grey doloetitic limestones, but these often contain 

argilleceous material: they are not, however, arenaceoes as 

are the Oluer Joloelite Series, except in a very few, thin 

horizons. 	Towards the top, beds of darker lielestone oceur, 

forerunners of the main limestone of the series above. Tae 

dolomitic limestone i a uniform rock, eroy wuen fresh, bat 
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weathering yellow. The grain size varies; 	m,m. and 

0.6 m.al. in a couple of measured examples. 

Fossils (including gasteropods, sponges, crinoids and 

cephalopods) were found by Holtedahl in 1,314S aL an horizon 

about 320ft. below the base of the Tetradium 

the rock is of a rather diVferent character - being f;"1' 

dark colored and coarse enough for individual grains to be 

distinguished in the hand sdecimen. 	The rock contains Chart.- 

like quar'tzii la,iers and nodules, and the fosskls are silici-

fied. 

The Tetrgglum ,Limestonp c;eries, the youngest 	the 

ilecla Hoek divisions in Bear island, has a thickness of at 

least ?Oft. 	There is a transition from the dolomites 

below.In detail :- 

  

4,044444it  . 

 

   

Dark grey limestone interbedded with dolomit 
limestone. 

Light grey,  1(brown-weathering) dolomite 
Yellow weathering dolomite with thin she:1y bands 
Light and dark dolomites, yellow-weathering; 
Dark grey limestone, similar to Ter-Limeatone 
Dolomitic rocks, mostly grey weathering, of the 

Yi LULUiLITt. 

60ft. 
16ft. 
7ft. 
20ft. 
27ft. 

The Tetrad id limestone itself is generally dark 

grey to black, some 	es lighter in colour. It is very. rue- 

grained, the 'diameter of the grains ranging from 0.005 to 

0.01 mm. The rock has in places recrystallised under stress 
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and shows a closely interlocking structure in thin section. 

Fossils are quite co21on, particularly at an horizon about 

400ft. from the base. 	They include the anthog,oan genus 

Tetradium, bryozoons, crinoids, brachiopods and cephalopods. 

Dating. 

The position of the Heels Hoek rocks of Bear island 

in the geological time scale, can be fixed on palaeonto- 

logical grounds. 

The fossils collected from the Younger :Dolomite Series 

are detailed below:- 

Sponges: 	Gen.Calathium Billings (2 species as below) 
Calathium cf.pannosium 
Calathium.cf.canadense Billings. 
Archaeoscyphia (minganensis 

Crinoidg: 	Silicified stems. 

Gasteropods: - the most common fossils; usually bacl 
preserved, 

Ce3ha 102 do 

Maclurites (Maclurea) ap. 
Liospira sp? 
Lophospira spi 
Orthoceras sp. 
Piloceras cf.explanator hitfieid. 

This materlJ is very fraEmentay, but it is sufficient 

to date the horizon, for the genera which have been identifieu 

with certainty IT:Ive a very restricted distribution in time. 

They are from a definitely 'American' type of faunal assem-

blage and according to Bassler's "index of American Ordovician 

and Silurian Fossils" (1915). 
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Calathium occurs in the Canadian,Lhazy and Black River bees. 
Archaeoscyphia " " 	" Canadian. 
Piloceras 	" U 	" Ozarklan-Canadian. 

This zone is therefore, without doubt, glaialau (using the 

Airierican Stratigraphical divisions), that is of Lower 

Ordavician age. The essential - American affinity of the 

i5 discussed lter. 

The 1etradiin limestone has yieldee the 251lowin 

material:- 

Tetradium cf.syringoporoldes jlrich 
(Large numbers.) 

many specimens - poorly preserved. 
fragLnentry stems. 

tafinesquina sp. 
- Orthoceras (41onoceraal)sp. (- sp.dlov). 

Endoceras (Vaginocera6) sp. 
Lndoceras sp? 
Actinoceras Bigsbyi Braun - by far the most 

common form in the collection. 
Gonioceras (occidentale dalfl) sp. 

The foss,7ils are few, and poorly preserved, bet the 

inclusion of diagnostic forms such as Gonioceras (occidentale 

dail) sp. and Actinoceras higsbji Bronn, is quite decisive 

evidence that the fauna is of Black.  Iiiver Am. 	it is once 

again of a purely American character. 

Goniocerasoccidentole "tiali is known from the lower 

Black River of :,isconin and Illinois, from the Bache .;enin-

sula, Llleumere Land (see p.143  ) and from borthia Felix 

and hin 	illiai Land (Holtedah1,1912) in Arctic Canada. 

Actinoceras Bigsbji is a typical fmerican species, 

very common in the 'Block River' over a wice area of 

‘nthozoa:- 

Bryozoa:-
Crinoidea:-
J.3chiopoda 

Lephalopoda: 
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N.America, and Arctic Canada. The Ordovician representstiv s 

of the genus Actinoceras are characteristic of the 'American' 

faunal provinces, bat in the Silurian they Qpread to Lurope, 

including the L-.glish districts, and Scandinavian-Baltic areas .  

£ndoceras (Vaginoceras) 4att, is characteristic of the 

American Black .iLiver; but has also been recorded from the 

Chazy by luedemarn. 

Tetradium is also a typical American genue - coon in 

,.merica, but in urope only recorded once, from the Baltic 

by La.sler, at Borkholm. 

These conclusions on the age of the various series art 

summarised in the table opposite diaz 	. 

Structurally the rocks of Bear Island lie in the zone 

of ,:i.4.-ward overthrusting, and alai thus in a similar 

position, in theCaledonian orogenic belt, to the rocks of 

Prince Charles Foreland and the west coastal zone of Spits 

bergen. This point is elaborated in the general discussion 

of the structure of the Caledonlues. 
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SCANDINAVIA.. 

leas than five idrecambrian cycles of sedimentation 

and orogeny have been claimed co be distinguishable in Fenne 

Scandinavia 

1. Svionian. 
2. Bottnian. 
3. Karelldian 
4. Jottnian. 
5. 3parag:nitian. 

The true 'Caledonieh' sediments are those younger than 

thecottnian and, of coarse older than Devonian. 	Uowever, a 

few remarks should first be .7.ade on theeottnian sedimenes, 

which occupy a somewhat similar position to the Torridonian 

of Scotland. The two formations have in fact been correlated 

with one aJother by several authors, but ehe amount of evi-

dence i usually less than the desire for an anchor on which 

to base a discussion of the age problems presented by some 

other formation. 

• Theelottnian Sandstone consists of a series of iisht 

coloured sandstones, mostly reddish, often ripple-marke6 aid 

current bedced, with intercalations of red and grey anzlle. 

At the base are congIeerArates made up of underlying porphyries. 

In the type area on the Swedish-:,iorwegian border near 

Lake 'emund.,5  the beds are comparatively flat-lying or gently 

folded about N1ii/53I axes, but along their western margin 

they are strongly upturned, locally into a. vertical positi on. 

These structures are truncated by the sub-',:wabrian peneplane 
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which is so character stic and widespread a feature of the 

more eactern parts of the Fenno-Scandinavian area. 

The relation of the Jottnian Sandstone to Lb& Spars-

nitian ca nowhere be demonstrated by simple super position, 

but, due to overthrusting, must be inferred on .iithological 

grounds and on the structure. 	It is LilgJrtant Lo note that 

the main fold lines in the 4Jottnlen -(144/s14)- are at right 

angles to the Caledonian structures. 

The Sparagmitian is mostly made up of thick sandstones, 

markedly felspathic in the southern part, with coglomerates, 

and shale and carbonate horizons, the latter dolomitic in the 

north, of limestone in the south. 

The stratigraphy of the oldest part - the 'dark 

Sparagmite' - is uncertain, only beilv seen in he zone of 

strong deformation and metamerphism. The succeeding dark 

Drottum Sparagmite and the younger 'red' or lioelv Sparagmite 

have a much wider present distribution and can be followed 

to the N. from the Fernand area to Jamtland, and into Swedish 

Lapland. These two Sparagmite zones are separated in the 

south by the Biri Conglomerate - of fluviatile origin - and, 

above this, the Biri Limestone - largely shale/ and dark 

coloured, but in dart massive and dolomitic. 	Above the red 

Sparagmite occurs a -Unite, well developed ln the northern 

area, in Swedish Lapland, and south of Femund. 

The uppermost member of the Sparagmite formation - the 
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'4aartz-Sandstone' - is a transressive fomation: S.k:. of 

:.'fa:m.und and in the Valdres region it overlies crystalline 

basement, rocks, while in the entral Sparagmite area it over-

lies a thick series of 3paragmitian 

The significant features of the 'Ldaragmitian of southern 

Scandinavia are that thick series of rocks belo the tillite 

disappear in a saall horizontal distance, that the tillite 

contains, frequently in large amount, material of reat litho-

logical similarity to the 3iri limestone, stratiErahically 

not far below 	jet angular uhconformities are almost abseht. 

i'eriodic uplift and erosion of the outer parts of the area of 

deposition must have caused the absence of beds there, wuile 

sedimentation in the central area was more or less cohtihuous. 

Further to the north and west, but still in the essen-

tially southern part of Scandinavia, slices of hiEhld meta-

morphosed Saragmite occur in the so-called ''!..rchaeh" areas. 

These occurrences and the recognition of 6oaregmite quartzites 

in the l'ordfjord area north of Bergen, indicate thatthe sedi-

ments probably covered the whole of the southern area. 

The other great area of Locambrian rocks in Scandinavia 

is in the far north, in Finnmark. dere the strati6rrap* is 

generally similar to that of the 5parsgmite in the south, but 

there are differences in detail. The same two broad divisions 

exist, the older of sandstones, with a dolomite, the younger 
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also of sandstones, with tiliite. 

The most coherent stratigraphical acQoant is that of 

vn Foyn, working in the i'onaford district (l37). 	las 

'older sandstone SOri4-:61  over 5,900ft, has at the top, a 

zone of 3les with cblozratic beds - some of tue beds coklain 

snle fr auge nts as intraformati anal conglomerates. it 

Grasdalen are intraformational dolomite conglomerates, very 

reminiscent of the Porsanger dolomite (see below), the total 

thickness of the dolomite and shale zone be 1,1,L roughlsy 

Below is the mass of the 'Older Sandstone series' about hail; 

of the series being made up of thick, light coloured, often 

reddish, sandstones c about 24:1A, is of arenaceous shale, da ra  

CO1OUred 1 and 25,. is of thinner bedded alternations of the 

two. The dolomite and shale zone is unconformablj overlain 

by the t 1.111. te-bearing series, although the angular discord- 

ance is very small. 	In general the upper series rests on 

successively older horizons as oils goes so,A6hwar4 ;in one 

area the truncation involves some Woft. in 4 miles Vor ex-

ample. Foin believes that he =conformity is definiLe.ed 

result of erosion and not to change in facies or the iner 

thinning of beds, ano described a breccia zone above the lower 

serie,7, about 3ft. in thic4necs. 	The tthite above is not 

easily distinguished from the breccia rock, as the local rock--

fragments of the breccia are dominant in the lowese part of 

the 'Unite, before less immediately derived material ari.ves. 
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The. Unite bearing series has two extensive tillite 

zones, with - 1000ft. of brown or red sandetones, ane red and 

green shales, between the two. 	Above tbsuooer tellite are 

alternating light coloured sandstones and dere seedy dleies, 

ane then 440ft. of shales, red to violet at the base, 

the rest blue-green. 

ihe lower tillite has, naturally enough, a variable 

thickness, averaging sane e\eeft. 	It lies, ae ass been des- 

cribed, unconformably above the lower sandstone series. The 

rock is dominantly of silt or clay grade, a. matrix in which 

are dispersed a variety of erratic rock fraements reaching a 

maximum of 6ft. in diameter, but generally less than 1 or 2ft. 

across. 	The fragments are usually entirely angular, but the.  

edres are sc:e. etimes rounded; glacial striae nave been des- 

cribed by Iieusch (l81) and iseltedahl (1918). 	Dolomite most 

frequently occurs - not often showing, aey structure, but 

occesionally showLng oolitec, stromatolitee, and dolomite 

breccia, or conelomerate ; some of these have ten silicified. 

ireCambrian crystalline rocks are next in order of abundanee, 

and near the southern boundary of the area in which the sedi-

ments can now be seen, they dominate. Lrraties of quarts 

sandstone are also common. 

The upoer tillite is similar, and about 2Wft. thick. 

The boulders here however are do4inantly of irecaaavlan 

crystalline rocks, dolomite awning second in order of abund-

ance ; fragmente of red and green shale liee the shales 
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below the tillite are also found. 

The conditions of formation of the tillites can be 

inferred without much doubt. 	Jplift, or rather slight 

tilting, of the older sandstone series gave a slit angular 

truncation of these rocks, uplift being a maximum toward the 

south. A thin erosion breccia was preserved by die accumu-

lation of a thick tillite under water - for the matrix snows 

signs of sorting, though poor, the fraipents (largely of the 

dolomite at, the top of the 'older sandstone seriesToeing 

dropped presumab'y by melting ice. 

The continuous gradation, fro the r.op of the tillite, 

into the sandstone and shale series above, inoictes con- 

tinuous submergence. 	Ripple marks oceur; and it is note-

worthy that a fair amount of dolomitic material is present : 

the shales contain outage-rite pyrites grains. 	The sandstones 

show an increase in thickness from north to o,4th; in addition 

the maximum grain size increases aria the proportion of shale 

to sandstone in the series decreases. The sedimentary 

evidence points to a source area to the so_ith. 

The upper tililte grades from and into marine sediments 

and is evidently also marine. Again material frola the under-

lying rocks supplies the 'erratic' material; the dolomite 

zone has presumably been much eroded and -basement rocks are 

more characteristic. 

The sandstones of the 'sandstoneand shale zone' above 

again show frtquent ripple marking. The grain size mad reach 
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em.m. and the ains are often angular, consisting-, besides 

quartz, of felspar - frequently with fresh plagioclase. 

Sudden alternations between 118E140 shales and massive lede 

of coarse san6y material, are characteristic. 	lhe thidieness 

of the Whole series seems to vary from 66it. to Loft. but no 

rreni pattern of variation is discernible. 

ondltions of depo i - ion may have become more stable in 

the succeeding period when over 40e)ft. of rather homogenous 

shiles were laid down. One bed of sandstone, of the type 

described above and about 22ft. thick, occurs in the lowermost 

part, in the north wester% section of the rea : to the east 

two additional horizons of sandstone are notee and the total 

thicknese is somewhat greater, the eviuence sageestine, tnat 

the source area lad eo the eastward. 	'I'ne possibilitd must 

be considered that these coarse sandstone beds in the general 

shale sequence were laid down by turbidity currents so.zie 

distance from their original place of ueposition. 	dowever;  

no mention of slumping structures or of graded beudine, is mace 

by Foy% - and ripple marked sirfaces are preserved. 

above the shsies just described sedimentation o)ntinties 

to produce sandstones and shales; the upper ?art of the 

succession being :- 
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YOUNGeweV: c.640ft.- shales ane fine sandstones: 

( 
	

c.1280ft.- light quartzose set.-zones of 
AZ 	icJ. • 

dare arenaceous Shale. 
green siltstone. c.1860ft.- 

c.640ft. - red quartzose sandstone with 
zones of green-grey arenaceous 
shale. 

3haies, ti1iies etc. below. 

The succession will not be eiscuesed in detail, apart 

from 3 consideration of the deposition conditions. 	below the 

fossiliferous stage - the lower sandstonee, for example, ars 

beds usually about lft. thice which show a oedeed structure 

due to layers of micaceous sandstone, or clayey material. 

Riedle marks are common. In thin section the rock is very 

even grained - grain size ,.04 to 6.07mm. diameter. 	,euarez 

is the chief mineral present, with plagioclase, partly 

sericitieed, partly fresh, and muscovite: also a few rounded 

grains of tourmaline and zircon. 

The 1,800ft. of green or grey-green siltstones Contain 

occasional more area 	beds and at the top true sand-

stones appear, in a gradational zone leading to the series 

of sanestones and Shale./ sandstones above. 	an horizon 

ribDA 1,20oft. above the base a peculiar conglomerate locally 

occurs 	2ebbles of quartz, red ,jasper, aria yellow-green 

shele occur, about the size of a pea, in a groundmase of red-

brown sandstone. Towards the top also, "problematical 

trails" are common - irregular pipes sometimes concordant 

5,000ft( 

( OLDIZT, 



with, sometimes cutting the beddinz. 

The fossil bearing rocks which follow are alternating 

dark sandstones and dark shales, green, grey or black. 	The 

sandstone beds are rarely more than 3" thick. 	Fossils are 

comonest in the sandstones; some beds being extre4e rich 

("fossil breccias" 	Foyn). • The material has been described 

in detail by Strand (.193) who distinguishes the following:- 

Lingulella (Lingulepsis) cf.iioberti ( -14atthew). 
Billingsells cf.retroflexa (Matthew). 
Ayolithus sp. 
Trails of Cruziana type. 

The Lingeltlla sp. is by far the comaionest type found, 

only a few specimens of Billingsella sp . are recorded.. 	These 

two brachiopod species suggest a icdle Cambrian, or possibly 

Jpper Cambrian, age. 

The fossiliferous zone is very approximately 6 	• 

thick and is followed by a similar thickness of light coloured 

quartzose sandstones. 

Some E, :) miles west of Tanaf‘iord where the above sequences 

were elucidated lies '4orsanger4ord. 	The i'orsanger series 

here, isolated by thrusts and evidently allochtnonous, has 

been correlated with the Locambrian series of Tanafjord 

(aoltedahl, Foyn, etc.). 	A thick series of light coloured 

sandstones with intercalations or shaly materi:al is overlain 

by a thick series of massive grey dolomites containing 

atromatolitic structures ( 1 Cryptczoon') and intraforliational 
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conglomerates. 	The sanostones are considered to be the 

equivalent of the 'older sandstone series' of Tanaijoru, and 

above them there is e well interbedece seele-senestone series 

before the dolomites begin. The simileritd to the Tanafeore 

secceseion is thus close, but dolomites stretigraphicalle much 

higher than the dolomite-shale zone of Tanarjord are re-

presented in eoreangerfjord. This agrees well with the 

teneency for the unconformity between the older saedstone 

series and the tillites above, to rise in stratleraphical 

horizon going N. and westwerd. 	A mach greater thiceness of 

dolomite is preserved in the eorsangerfeord district. 

tillite, in adeetion contains fragments of dolomite with 

special structures common to the eorsanger dolomite - doiowiee-

breccia, stromatolites, ooides: actual oolites are foune in tee 

tillite but not in the eorsanger dolomite. 	ehe icentefication 

of the eorsanger dolomite with ene dolomite of Tanafeore, 

whose stratieraphicei position is known, is therefore still 

open to doubt, but on the present evidence it seems reasonable. 

pith the Spsragmite Succession augmented in northera 

Scandinavia by this evidence from korseegerfeore, it mad be 

instructive to consider another, less certainly known, area 

on the north coast of the Kola peninsula to the (teat of 

Finneork where there occurs a series of some 71WOrt. of 

sedimentary rocks, reeresenting to a large extent the 



Sparagmitian. On Archaen basement rocks rests a. lower 

division of at least 	00Oft. of saadstones mainly, aria with 

a conglomeratic base. This is followed by red and green 

shales, with dolomitic beds. 	It is claimed that strati-

graphical breaks occur both below end above this latter EYOU. 

Above the break lies a third division, ot sandatone and eark 

shale. 	Thrust against these rocks from the north, lies 

another sedimentary block - largely made up of conglomeratic 

rocks - often with the characteristics of a tillite. 	The 

rocks of the i.ola keninsula are thus strongly reminiscent of 

the Tanafjord stratigraphy, but it cannot be claimed that the 

relationship has yet been worked out in detail. 

The conditions of deaosition of the Finnmark Sparagmate 

and the geological development of northern Scandinavia can now 

be discussed. 

The 'older sandstone series' is entirely of Shallow 

water oriEln. 	,aonglomeratea aE such are very rare, but the 

sandstones show current bedding, and ripdle marks. The shales 

show mud cracks and patches of clay mnterial. 

The dol7mites are also shallow water deposita. 	udcracc.s 

and ripplemarks are very common in the dolomite-shale-sandstone 

sequence on tie coast near Tanafjord for example, and intra-

formational conglomerates or breccias are common there an in 

Poroangerfjord. 

The evidence points to sedimentation near land, with an 
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abundant supply of materials. The elastic minerals are 

quartz, plagioclase, mieat  chlorite, microcliuc, zircon and 

tourmaline - such as one might expect from the erosion of any 

'average' basement area, of gneisaes and associated rock-types. 

The variations in thickness and relative proportions of 

psammitic and pelitic material indicate a source area to tne 

soith, and there such a basement complex is certainly available 

as a suitable postulate for the source of suivi,y. 

The unconformity above the dolomites indick-Jtes uplift 

to the south, :dolteAdahl and 'oyn believing that major faulting 

alone the line of Varanger fjord accompanied this : fthe evi- 

dence is inadequate. 	iowever, the block to the south was 

certainly uplifted and terrestial conditions existed there 

during the deposition of the younger series, for the material 

of the tillites and the intertjacent snaie-sandstone series was 

clearly derived from there. The sediments in Finnmark, how-

ever, were also exposed to erosion - so that the younger 

series is everywhere transgressive. • the angle of the un-

conformity is usually low - its direction of maximum inclin-

ation - that is of the plane of truncation relative to bedoinL 

seems to be to N.300  or li.4Q0  in Tanaford, indicatin 

rather vaguely a tilting about„N/S or i/ad axis. 

The occurrence of the tillites as two extensive lasers 

in a series of sandstones and shalc:s, anc the common strati-

fication of the matrix indicates deposition in water, probably 

from the meltinj of drifting icebergs. 	he lower tillite 
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shows different types, ofteh with marked boundaries, occerr1eL 

in the same area, and is presumably a comeound representative 

of several advances of the ice mass. 	The thickness certainee 

decreaees to the soeth, due either to a smaller eeeosition of 

eeteriel or to perioes of erosion of the bottom moraine; in 

the extreme south however at has again increased. evident 

glaciofluvial materiel, and come ice scouring, is locally 

aseociated with the Unites, striae running Lee and Ne, or 

E and e. 

The sacceedieg red and brown sandstones rest on a vary-

ine substratum; in the eanafeord district on tae lower tillite; 

on Varanger peninsela on a coarse zone of fluviogiaciai mat-

erial; and even farther west, around Varangerfjord, on 

crystalliee basement rocks. The elastic minerals are fresh 

and little roended, so that breaking dowe of the rocke by frost 

action may be deduced, ane the period might be regardee as a 

cool interelacial one. 	eonsiderateon of the lateral varia-

tion of these beds indicates very clearly teat the seuement 

producing area lay to the south. Near the soeeherh aiargin 

of the sediments conrse sandstones, often in very telck bees, 

predominate; further north finer sandstones occur, in less 

abundance, and in much thinner bees. 

The upper tillite is more uniform than the lower one 

unconsolidated sediments were still being eroded - fraglents of 

clay remain bee tec sandstones ere not present as fraements, 
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for they would immediately break up, unlike a coherent plaetic 

clay. 	The pattern of variation of thickness of the upper 

tillite is difficult to interpret - decreasing from a maximum 

at the head of Tanafjord, towards the e. and towards the aa. 

The sediments above the tillites give little evidence 

of facies or thiceness variations, waich might incicate the 

location of the source area. 	There isl however, no reason to 

aseame that the supp.4 area is different from that which 

aroviced the glacial material. Ripple marks indicate shallow 

water deposition, and the sandstones are apparently well 

sorted, and fine grained. 

The fossiliferous beds indicate from their sedimentary 

petrology, and from the mode of occurrence of the foseils, 

that they were laid down comparatively raaidly. 

Defore turning to the uevelopment of the (.;ambrian syseeee 

a few remarks on the Sparagmite formation of Lhe fai; souta, at 

Lake 'eijosen, will be made to complete the synopsis. 

Goldschmidt (1905) and ieiaer (116) in earticular have 

contributed to the knowledge of this district - but ele.Vogt 

(1924) -.bas synthesized the previous work with his own ob-

servations and prodaced a coherent history. 

The lower aart z)1 the Sparaepite series here consists 

ofnearly 1,000ft. of crit grey, generally core saaestoaCS, 

rich in felspar grains, with some layers of dar4 arenaceous 

shale. 	Then follows a relatively thin zone with reo eau 
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green shale, anc 	beds of limestone. doltecahl (1922) 

considers that the thick lower sandstones tell of rapid sedi-

mentation of material derived from granites and gneisses of 

the basement : conditions changed to give slow deposition in 

the succeeding ,)eriod. 	Rejuvenation must then have occurred,  

for the very coarse conplomerl:te - the biri conglomerate - 

follbwe, between four and six hundred feet thick in places, 

and with boulders reaching 3ft. in maximum dimension. the 

boulders creof granite, gneiss, quartzite, limestone, and 

'diabase', and are well worn, and distinctly rounded. iTans-

port, in water, of such coax'se material clearly indicates 

high relief. 	An intermediate zone of grey felspathic sand

stone and shale follows and then the biri limestone - the 

thickness of which reaches three or four hundred feet. 	.ne 

limestone is compact and grey, usurilly with some magnesian 

conten., often arenaceoas: characteristic however, is a blaciis 

argillaceous limestone facies. 	it Lake ossn in the oompece 

variety are intraformational conglomerates - and oolites co 

stromatolitic limestones - all indicative of shallow water de-

position. The limestones are followed by the younger 'red 

soragmite. 	a pink (felspathic), coarse, often conglomeratic, 

bed6ed sandstone, over 11200ft. thicx. 	The conditions 

of formation of this ss,oraEmite' (or felspathic sandstone) 

Aric: rocks of similar facies of the same general Locambrian 

age has been discussed by qalther (1W9), arid by several 

Norwegian geologists noLaWy Holtecahl (1922) and (12t.i). 
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They have concluded that the sediments have been produced 

by the weathering of granitic rock in a very dry climate: 

but the -77rains are corrse and angular and obvieeL;ly.  not of 

a Wind blown desert sand deposit. Transport was evidently 

short end rapid, • in torrential waters, derived from a 

mountainous borderland in semi-arid conditions. The eerie 

red sparacpeitee should not evoke a comparieon with the red 

sandstone facies of, say, the New 1.,ed 3andstone, for there 

the colour is not due to the presence of felspar. The 

'Sparactsiitei deposits indicate reach more rapid accumulation 

than ordinary 'red sandstones' . 

The red sparaqteite has frequent conglomerate zones, 

with well rounded, water-worn boulders of moderbee size: bat 

this i:)asses up into a rather more )eculiar ccuvlomerAe (the 

bloelv conglomerate) which Irolteciahl considers is definitely 

a tillite. 	It has a red-brown colour, with no visible 

beddingi but consists of frageents of all sizes eilibedeed in 

a fine-grained matrix. The smaller fragments are angular, 

an6 the larger, which reach nearly 2ft. in diameter, are only 

partially rounded. 	The fraffents consist of granite, 

gneisses, sandstones and quartzites, and limestones - oar-

ticularly at Lake Kjosen where they are litiAological4 like 

-the iri limestone - and, in 3 n area east of this near the 

..:.-Peeelish frontier north of Trysil, there occur porphyries of 

types rresponding to )rts o the Precambrian exposed even 

farther to the east. 	Th1 tiLLlite, iioltedahl wines out, 
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is exactly like the brown tillites of Finnmarken (dolteaahl, 

1019) - and in common with them must have been deposited in 

water - as the result of meitinL ice bergs, or, more con-

sistent with its character here, as morainic material in 

front of a partly submerged ice mass. 

The tillite - 40ft. or more thick at lake ijosen is 

followed by a thin zone of red end green shale, and some sad-

stone beds (150ft). Above these lies the %uartz Sandstone" - 

a normal sandstone consisting of ndartz grains, finer, rounder, 

and more evenly sized (.46 to .55mm) than those of the true 

si?aragmites' : but even here intercalations of sparagreite 

facies occur, and the bottom part of the lower of the two 

divisions of the 'ulrtz Sandstone' - namely the Vardal 

Sparagmite - is coarse-grained and felspathic in part. This 

Vardal sparagmite shows current bedding, and some lateral 

variation : in general one may say that towards the east of the 

Lake -.1oseri area the grains are well rounded and have a.  

clayey matrix (in very small aloant) - the minerals present 

being quartz, microclihe, plagioclase. 	Toward the west, try 

are more variable in size, and more angular. 

A transition zone in which the fels,)ar content of the 

sandstone steadily decreaes, introduces the upper part of 

the Quartz Sandstone, - the iiingsaker quartzite. 	Zheain-

erals are mainly quartz - of the same grain size (b0.1t 

C.5mm.) ar: the Vardal Sparagmite and the heavd 
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tours 	zircon, and rutile. 

The significance of this i.lrision of the. ':.uartz Sand-

stone into two parts, the lower felspar bearing, the upper 

purely quartzitic, hns been discussed by Vogt ().92,1). HA points 

oat that the general character of the 3par-mite formation 

(sensu into) of 3cnndinavie indicates deposition as a result 

of n7,2id uplifts of the borderland. 	The Zuartz Sandstone is 

a particularly good example from several in the whole form-

ation, which tells of denudation reducing relief in tie border-

land so that trnnsport gradually becomes less violent anc 

rid; chemical activity is more prolonged, an6 pure quartz 

sandstones, lacking in f%A.spar, are formed. 	The stable resi-

dual heavy minerals are significant in this respect. Vogt 

reLTards the Aingsaker quartzite as marking the end. of tne 

periodic epeivogenic movesents, characterising the Spare-

gmitian, an6 introducing the calm period of the Lower Cambrian. 

Vogt criticises the view that the :.;poraLmites were form-

ed in an arid. climate. lie adLits the exist nee of widespread 

desert conditions - but points out that these would develop 

during that part of the history of the earth prior to the 

large scale migration of plant life onto land, without  

relation to the amount of orecioitatlaa4  There is in 

addition much evidence of strong cae:Lical activity, and-  the 

presence of felspar in tine sandstones is to be interpreted 

as indicative only of rapi transport. (cf.alther,190V). 

As to the direction of derivation, Vogt agrees with 
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ilolteda'n1 that lnd lay to the south west : the evidence is, 

however, in the present writer's opinion quite inconclusive -. 

-.1t... is-based on the view that a small amount of compact quart-

zite detritus is derived from the Telemark quartzite - novi 

found to the south west of these jpargmites 1 and tae fact 

that the sand grains are angular to the west and well rounded. 

in the east. 

Th, area over which the uartz sandstone was deposited s  

Was markedly larger in the south of Scandinavia, than tae 

areas of the earlier felspar-bearilv sandstone zones. 

The Cambro-iIurian  .;eries_gf Scandinavi.A. 

The history of the Lower i'aiseozoic sediments of LA:an-

dinavia, is much more precisely known than that of the 

ocambrian, for with the help of the palseontolokicsi evidence 

the structural uncertainties can be overcome. The account 

will therefore be rritner more straiehtforward, ae it is un-

necessry to discuss tentative correlations and possible re-
lationshids here. 

A fairly couiplete, non-metawordnostd SUC:AiSS1011 is 

only found in parts of the jamtland district of Sweden, and 

in the t)slo area.'61sewere the stratigraphical knowlev is 

fravmentory, tied into the main scheme by the presence of 

(often poorly preserved) fossils, or on lithological grousaLs. 
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Over large areas in Scandinavia the Lower Cambrian 

was a period of transgression. The Sparagmite areas of the 

south lay at a relatively low level, and were laAr covered, 

by pelitic material. The adjacent areas to east, south and 

west remained above sea level, or were just flooded - con-

glomerates occurring above the peneplaned surface of 'base-

ment copiex'. Towards the end of Lower Cambrian times the 

sea had reached the central Randefjord district, and Pim:3e. 

In Jamtland there is evidence of Cambrian transgression from 

west to eas; and farther north the Lower Cambrian snore line 

ran NNE-ward from the Mjesen district into northern Sweden - 

the sub Cambrian surface dipping to the N. 	In this northern 

part - along the "Glint" - the lower Cambrian is represented 

by what is known as the "Hyolithus zone", made us of multi-

coloured Shales, and sandstones. 

middle Cambrian times began with further transgressions 

black alum shales of the 4iddle and Upper Cambrian were de-

posited over very large areas in the south, and probabid the 

northern dastricts, where alum shales rest on the tiyolithus 

zone. 

The Ordovician of the Oslo and eastern Jamtland districts 

consists of alternating limestones and shales (often of 

typical graptolitic shale. facies). 	To the east the percea-

tatce of terrigenous material decreases, while further west 

the shale-to-limestone ratio increases, and the total 
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thickness becomes greater. Thus in Gausdal, north west of 

eliosen, the (renig slegalaspis limestone of esio is replaced 

by erenaceous slates - with graptolites. in eamtland the 

development oi the "Follinge-Holmejou fades represents 

shales and sandstones - the material of which according to 

doltedahl (1938) is largely derived from the Olden granite 

(PreCambrian) to the north west. 

All the sedimentary petrology tnus gives evidence of 

a land area to the west or north west of tee eencral iceneral 

Sparagmite area' between dee jotanheimen aeo eameiand. 

In the coastal regions, around Trondheem, a differeet 

facies is met with. The Sparagmete formation is represented 

here, and the Cambrian presumably is missing, for the lowest 

series of rocks with foseils are those of the eoros Group 

mica schists, with quartzites, limestones, and amphibollees 

or green stones'. Dictyonema flabelliforme dates part, at 

least, of the group, as basal Ordovician (in the American 

sense). The Bymark groep follows - greenstones, in places 

pillow lavas, and quartzites, beds of red aseer chert, and 

limesteee. Above these lies a greenstone-ceeglomerate con-

taining pebbles of the eymark rocks, and intrusions, prebtbAer 

of the same age- gsbbros and trondhjemiee. 	Important earth 

movements ha e thus occurred before the deposition of this 

weglomerate, ane ere presumably the representatives of the 

Taconic phase of the Caledonian (8.1.) orogeny - directly 
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equivalent in age to the post-rematoc earth movement of 

orth eales and other districts. 

Above the conglomerate lies the dovin Group - be-

ginning with a thick series ef shales and slates, eae lower 

parts of which have yielded species of TrinUcleus aee her 

fossils indicating a Llandeiliah (or even earlier) a6e. 

Higher, graptolitee such as DOcranograptus, etc., indicate 

Caradocian rocks. 	The slates are overlain by eee ovin 

sndstone, with a poorly preserved fauna of brachiopods and 

gastropode indicating, somewhat dubiously, a Caradocian age. 

Farther to the north west and west, it sees that he dovin 

sandstone gives place Lu the oland Series, with limestones 

containing corals, etc., this change being analogous to 

14e/ae directional charges of facies in 3cotland - fromli. 

atone to graptolitic snale. 

On the island of Smola off the coast west ot Trondh,iea 

occurs limestone, in association with a qaartz-conglomerate 

and e series of lavas referred to the ymark Group. The 

limestone har a fauna of silicified gas 	indicating 

a Canadian age - and the assemblaFe is 'of American type' - 

having a disticct resemblance to the fossils of the iairness 

limestone and the Bear Island Jp?er  jolomite .;eries - both 

of Canadian age, and to similar faunae in N.America (New-

foundland) and East Greenland. These facts bre discussed • 

more fully later  
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Other areas of ardovician rocks on the west, coast, 

around Bergen, are generally related to the 'steles developed 

at Trondhjem, but some differences of opinion on the sue\ e o-

ion remain. The greenstone series of this district may 

?ernaos be youhger than the Lower Ordovician. Fossils, 

including corals, higher up fix part of the succession as 

uppermost Ordovician. The coral speciec are larely ident- 

ical with those from the Oslo region. 	Volcanic anc sedi-

mentary rocks, like those of .rondhjem also occur in the 

eastern parts of northern SCandinavia. 

To the west, however, including the large district of 

Nordland, mica sChists and thick massive limestones and 

dolomites are characteristic, but volcanites, and conglomer- 

ates and quartzites do occur. 	Fossils are few - and 

indicate Middle or Lower Ordovician age for part of the 

succession. 	The series iL of very great thickness, and 

parts of it may be pre-Ordovician. 

?Ac 3ilarin rocks of Scandinavis are b 	known froa 

Oslo, where the basal zone, of conglomerae and sadstone, 

indicaes slight oplift, anu theerosion of ,jrdovician 

stones. 	Further north this .one seems to consist of sand- 

stone only. 	Above is Fq1 alteration of richly fossiliitrous 

limestones, and shales and finally bowntonian sandstones 

with eurypterids and fish. 
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in Bergen, and the north east Trondhaem distracts the 

rocks identified as Silurian represent on the earlier part 

of the deriod: a aasarites fauna has been 1.0.1.AU in a series 

of altered conglomerates, sandstones and shales, called in 

the Tronda em district, the akne Group. 

In 	tland, the non-metamorahic Silurian is iraue up 

mainly of shaley and s rir  flaterial, with a ientamerus 

lime tone. 	In northern Sweden, around Baoravattnet, occur 

a series of elates, quartzites, limestones, and a congloaterate 

which is probably basal Silurian. Fossils above indicate 

'Llandevery' ace. 	Some authors believe thak a aeries of 

volcanic rocks in this district are of Silurian aae - but 

the matter is strongly disputed. 

The main period of orogeny and metamorpalsm of the 

Caledonian was later than all these eediments. At Oalo the 

23owntonian sandstones are affected by the earth movements, 

but in the outer parts of the Trondhaea district there occurs

aa metamorphosed series of coaglomerates and sandstones, in 

which is fouhd Dictyocaris. These Downtonian aeposits res. 

with angular unconformity on alterto L;ambro-Silarian seda- 

ments ano associated intrasioas. 	it is thus po-aible to 

say that while the main phase was pre-DowntOnian in the 

Trondhaem areal  it was post-Downtoaian further o the 	in 
the Oslo region. 
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There seems to be room)  in the present state of 

knowledge, for a wide variety of views on the Caledonides 

of (ata4ritainl  and particularly on the ear 	 art of their 

history. 	The picture .preaentee in this thesis is one of 

these views the difficalties and uncertainties are well 

known, so that that there i no need here to mentioa every 

alternative and argament. 

The oldest rocks wheh arc ees ntially dart of the 

aledonldea of Eritain are the aaiine Series. 	They now lie• 

thrust in a. north-west-ward direction, over a comparatively 

little folded and metamorphosed mass of rocks formiag the 

a.a. coastal strip of the iiighlands. 	This strip has acted, 

Ipparently as a stable or rigid unit, showiac no signs of 

marked foreshortening in the evolution of the Caledonian 

(s.1) fold belt. Crystalline Lewisian rocks are overlain 

=conformably by typical post-orogenic sediments of 

Torridonian. 	Undonformably Dove these lie the s diMents 

of the transpreseing Lower Cambrifta sea. 	he age or Ltte 

Lewisinn arad Torridonian is rot very important here. 	It 

seems reasonable to corisier the Lewisian, with its il4/Si..; 

etractlral grain, and ire-Torridonian metamorphism, as 

something essentially earlier than the begiaLing of the 

Caledonian cycle. The lorridonian may be equivalent to 



214. 

the oines : it would seem difficult to ,iustify thie by 

a correlation of their lithology )  but somL would argue that 

anomalies are due to facies changes. 	Yet in the ab4ence of 
fossils )  and lackinp decisive evidence from igneous activity )  
i seems thaL the only PossIbillV  of proving their identity 

directly mar", 1,,c ba44ed on litnological ezrounds. 	As naas, been 

mentioned before (p.V61) the L;ottnian of Scandinavia is a 

deposit resiembling the Torridonian, but it ca.- bt.,  6ated as 

pre-Sparailmitian on structural grounds more ealy than the 

Torridonian can be shown to be older than the ioines. 

Despite this, the present writer's opinion is that the 

iorridonian j essentially a post-orogenic formation related 

to the last. Lewisian oroLeny )  and not truly dart of the. 

early Caledonian rocks. 

The oine )  L'alradia• and early Cambrian sediments )  

then, were deposited in a belt running roughly from tne 

Ni coastal strip to the iiiidland Valley of ScJtland. 	in 

the central area the sedimentation was, broadly speaking)  • 

coatinuous the Dalradian following the Moine Series)  and 

continuing up into the Cambrian. The dafibrian marks the 

point at which subsidence of the NW borderland led to marine 

transgression over the Lewisian and Tolridonian rocks. 	ilne 

stratigraptor of this immense :hickness of sediments will. be  

described briefly, with n view to uncierstading the conditions 

of deposition)  and comparing it with the development of 

other areas. 
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The Uoine :.,eries is poorly known t atigrap id 14, 

issentially it consists of a monotonous assaublaot of fairly 

lniform rock tyee, in the semipelitic cr1T.:egory. 	Bede of 

Yuri gorrtzite, 	rocAs, and 	lies 

rre rnre. 	ConulomerA,es have been I reconinea', but thki 

r.re nlwnys 61billa in apoearance and tend to become 'auto- 

cloritic me1am7, es' when examined critically. 	sanded series 

of hornblende rranulites, alternating with semipelltic roc4s 

hrzve been regarded nf metamorphosed calcareous rocks, and 

former basic volcanic ashes by different authors. LoCal 

succesni. 	have been worked out but attlayts at wid spread 

correlation hove so far failed. 	The infierent characeer 

of the original sediments)  Lhat is their poor differehtlation, 

must inevitably mhke correlorl difficult, apart from the 

1:711ense cAplicntions of the stricture. 

IZichey n( i'ennedy (LJ2k4) formula ea a succession for 

1.,C)00ft. of sediments in the ;,lorar districal  which tiled 

were atle to follow over a good dart of the soo'..hern 

arent  even into 

,pper 	-cries 
(Jpder striped schiste 

elitic 	( 	schints 
(Lower tried schi6tn 1 

Lower z'sa,u,17.11c ,Aries 
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OMINNIIMO 

ISLAY - LOCH AZ 

Loch Avich Lava Group 
Tayvallich Slates and Lal 
Tayvallich LimestonP tc. 
Crinan Grits and Slates etc. 
Shira LimeStone 
Ardrishaig Phyllites 
Easdale Slates 
Scerba Transition Grou: 
Scurba Concrlomeratic G 
Jura Slates 
Main Quartzite 
Dolomite Group 
Upper Conglomerate 
Lower Quartzite 
Portaskaig Confllumt(_ 

Islay Liriaestone 
Mull of Oa Phyllites 

Fhithich Qurtzt.tes  

PERTHMIREUCCLCCION A.  
Len; and Ben LeJ.i Gfits 
Green Beds 
Abrfoyle Slats,Pitlochry Sc it 
och'Tay Limestone 

Ben Li Garnetiferous Mica Schst 
Cticreous Schists 

Ben Eogach Black Schists 
•11.111I 

Pebbly Qurtzite. 
Killiecr:nkte Schists 
Quartzite 
Dolomitic Beds 
Conglomerate (locally) 
jivartzite 
'Schichallion Boulder Bed 

BLAIR ,..:HOLL SERIES  

ILfK11§IM CCESOB. 
Leny and Ben 	Gri!,$ 
Green Beds 
Pitlochry Schists,Aberfoyl Slate a 
Loch Tay Limestone 	. 
Ben Lui Garnet-Mica-Schi 
Ben Lawyers Calcareous ,c-7(7!! 

Ben Eagt., ch Black Schist 	 

YPirg Quartzite 
Killie-cran - ie Schists 

3chicballion 402tzite'l'-wit , u 
an( 	In con6 omel e. 

BANFFSHIRE SPOOL: 

,.'H.cduff 5ltes oi Tebbly Grits, 
a:)yndie Bay 'Gro,  
Whitehills Group 
Boyne Limestone 

Gowhythe Gneias 

Portsoy'Group 

Durn Hill Qurt'zite 

S iend SchLA ad Li 

Gorron lint Actiolite Schist 
Crthle Point Calcareous Flags 
Firdlater Flags 
' et Sands 
Cullen C„.1: rtzite 
MOMSTES 

Loct Avich Grits 

01•111•4 — . 
	 2licht3.11ion Bolder Bed 

[i 

,hite Limestone 
Banded. Group 
Grey Limestone 
Lark Schist 
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This work was facilit3ted by the preservatien of 

orifs nal sedimentation structures in thie orea : in other 

parts of the loine area, where these re lost the problem 

becomes more difficult. 	ii,ore local successions nave been 

arrived at, but no other 1?irge scale estimate of the total 

thickness has been a L.e;r.pted, exeept for the Fannich Forest 

are - "4,000ft. plus several thousand feet." 

The Moine/Dairadian junction *lows a variety of re-

lationships, often tectonic, but there is evidence tnet the 

very siliceous upper part of the 	is followed con- 

formably by the basal quartzites 01 the jalradian. 	rhusi 

in the NE, the Cullen quartzites pass down into the ik)ine, 

in the Central ditjhlands the Ben Aigan quartzite, has the 

sa.:-:)e relation: in Lonegai .G.C. Anderson has arrived at t.cle 

conclaslon that the Moines run conformably up into the 

Dalradien. 

The stratigraphy is still debatable, bat knowledge 

has now reached a point with he use of techniques fur 

determining order of super-position from sedimentar 

structerea, froin which it. seems possible that detailed worAL 

will eventually reach c.,nc146,iene that 644 be generully 

acce)ted. 

The ,ierthshire Delradian Succession is perhaps the 

most complete in the S# part, and is detailed in the dia-

gram (Noslo) a)11mh,1 , in a synthesized form, 

Various further partial successions have eeen .„)ut 
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forward for areas in the .1  but these will not be dealt 

with in detail. JoWever the work in Islay, ciural  Scarbe 

8f1c the Loch Awe region, has produced a fairly cohereat 

succession, which csn be correlated to the earthshlre 

succession, as shown in columns 1ane `;i.' of the diagra. 

The standard succession in the ;,;1:.. is tha of the 

£anffshire coast, which is shown with the postulated corre-

lation of the lower division of the Banffshire succession 

(the Kith Division) to the Perthshire successi,ii. 	The 

upper division, above the Boyne Line - 1:4 the an sJivisLon-

seems not to be equivalent to any dart o; the Perthshire 

succession. Ms Green Leda of Perthshire, for example, 

are absent and a previous autempt by dome o corrcla,e the 

L'Iacduff Slates with the Nberfoyle Slates, and the Boyne 

Limestone with the Loch Tay Limestone was disposeu of when 

one succession was shown on sedimentation evidence to be 

right way up, and ;he other in reverse order. 
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In the Highlnd Border, J.G.C. Anerson (1947) ha claiiied 

to show the following sequence; the 4,airadian transition to 

the Lower alaeo,zoice v. 

14111iT4.M1Ali 

ost.-Aren1 Group  naracoc :brecdias,c041610ater- 
atesl rits,lime-
°tones, 

Areas 	;Lipiliteulblac4 
analealcherts. 

7discon2)rmity'i 
(Upper Grits. 	:grits with politic  

bands. 
Upper 	(Leny Limestone and Shales 	: limestone 6 blacx 
esammitic ( 	 shales. 
Group. 	(Lower Grits 	:grits with pel2.tic 

pidotic grits. 	bands. 

Upper Politic and Calcar-
eous Group. 

:slaL.es,phyllites 
mica schists with 
paammitic and lime 
stone bands. 

The relationship to the Perthshire roc4s is as follows:- 

The Upper aelitic 	Calcareous Group are the equivalent of 

the 10oerfoyie LAates. 	The Green beds, and Lpidotic Grits, 

are locally uevelopecl; they may be equivalent. 	The Lower 

Grits are the Leny or beni Ledi Grits of i'erthshire. The 

L TA7 Limestone is eq,iivalent in the Callender and Glen Fruin 

occurrences. 	i'he Jp.per Grits are equivalent to the Rothesaj 

Crits of Bute, in part, and the North Sannox Grits of Arrait. 

It is important to note that these divisions were 

mapped as Dalrsdian in the first place, and the correlations 

stove were made before the Widdle Cambrian age of the Leny 

Limestone was suggesLed. 	The correlation of these rocs 
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with t'he upper part of the ialradian was made without apy 

ulterior motive. 

Pringle (139) datedthe Leni Limestone on the evidence 

of trilobites and thus showed that the metamorphism and fold-

ing of thealradian could not be Pre Cambrian in age. QC-

tails of the fauna. have not yet been described, unfortunately, 

but dominant in the collection is. a new species or Pagetla - 

- a form typical of the Ameriean Middle Cambrian. 

Having reached fossiliferous rocks, problems of corre-

lation become simpler. .:,;e may now turn to Cambrian rocks 

elsenInere. 

The northern borderland sank at the beginning of the 

Cambrian. 	In the Na the rocks are preserved beneath the 

Moine Thrust zone. 

	

The details of Uhe lithology are well known. 	.hat is 

important is the dating of various horizons. The first 

datable fossiliferous zone occurs near the middle of the 

Fucoid Eieds, where a fauna very similar to that of the 
zone Olenellus/ofN.America occurs with edenellus lawortni, 

Olenellos reticulatus, Clenelloides armatas; and ayolithes 

and Jalterella. 	Olenellus is also found in the Serpulite 

:Grit. In the lowest 30ft. of the Crudaidu Group of the 

Durness Limestone, and less certainly at an horizon in the 

Eilean Dubh Group, Sniterella has been recorded, and on this 

basis the beds have been taken as the Lower Cambrian. 	in 

ephslopons the 3 ailliunorr1 	group above, a few gasteropods and i 
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vs been found, and an i asadhoid i  trilobite. The assem-

blage is not absolutely diagnostic, but suggests an Ordovician 

age (the Tremacoc, Canadian, Beekenantown groups, etc., are 

taken 	belonging to the Ordovician). The Sangomore dru 

is unfossiliferous, but the Belnakiel and Croisaphuill Groups 

above are richly fossiliferous, and the fauna, mostly gastero- 
helc,/ 

pods, and cephalopods, is listed ovorlea 

acluree acuminate. 
Aormotoma (Li;urchisonie) antique. 

dubia 
Lecanospira (Ophileta) compacts. 
Trochonema? (Oriostoma) callphurnia. 
1!;nconie thule. 
Helicotoma spinosa. 
krotocycloceres (Actinoceras) mendax. 
i)iloceres invaginatum. 
Endoceras app. 

uchasria blamenbachi. 
i'etigaras (Bathyures) nero. 
Archaeoscyphia ep. 

The assemblage is almost identical with that of the 

Beekmantawn Limestone of North America, and its age is quite 

definitely Lower Ordovician - Canadian. 	A comparison of 

Canadian faunas in tht various districts is undertaken 

later (p. 

40 have, then)  a series of rocks with Lower Cambrian 

Olenelliden fauna, separated from a series with lowermost 

Ordovician faunas by about 3(X) to 4J0it. of unfossiliferous 

dolomites. 	The Suer ar 	iddle Cambrian must be re- 

presented either by a stratigraphical break or brea4s, or a. 

condensed seahence of extremely all thickness. Grabau re-

garded a thin brecei ia the Lileen Dubh group as significant, 
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probably indicating a disoanformityi but Peach an Etorne 

dicaaareed. 	the question iE clearly deibatataei b.,:t no one 

will deny tha the sediments of theiddle and ijpper Cambrian 

are either extremely :tin or miesang an u that no Miduie or 

Jpper Cambrian fauna is preserved. The importance of this 

is elaphasizec later (p.15.7). 

Tae succeealon in the iighland Border area IlaL already 

been descaibed. 	Further to the eolith, Caubrian trans-

gresaion onto the crystalline basement occurred over wide 

areas. The detailed stratigraphy is not important in tAls 

connecion, but the rock types and their inferred mode of 

formation are of interest. The welsh f'acies are well known 

and the modern work trends towards confirming the view taat 

the area was in part under 'deeper' water. The gradee Oees 

of the Cambrian grits al;eraating with Shales contrast 

markedly with the much thiaaer well washed quartzites of 

Shropahire, aaneaton an the aalverns, with Lheir occasional 

limestones. 	The downward movement oi the floor of he 

basin of sedimentation can be compared fairly accurately in 

the varioas localitie and is very different from place to 

place. Certainly the deposits in the thicker succeasiwis 

indicate more rapid deposition; and more abundant supply of 

detritus. . The ear part of ane period is everywhere re-

presented by coarse material deposited in shallow water: 

pebble beds and coarse grits. In piddle and pper Cambrian 
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times deeper wa,,er sediments occur, and by Trunadocian tiales 

deposition of carK shale; was general. 

The fauna of the Cambrian rucks in tie soth is 

strikingly different from that of the Durness secession. 

The evidence points stron4-  in favour of.  sueposing a land 

ridge-tOehave•separeed the two areas of deposition, elle 

northern and - the southern . 	 ithi; the southern region, the 

distributioa of facie& is somewhat irregular, and Coep not 

indicete a greatly elongated trough, but rather a series oe' 

cuvettes, with deader water, and greater thickness of sedi- 

ment, :In their centres. 	For various areas of the Cambriah 

of eales the sediments nave beer said to be derived fro 

the west, north-west, north, east, south-east, and Boutin; 

an the plotting of thicknesres indicates a maximum, of 

probably 16,uJOft., in the Aarlech Dome region, falling quite 

rapidly to north, oat and eouth. 

The Ordovician rooks indicate a similar distribution 

of sedimentation into somewhat restricted are as - the point 

of maximum downwarping shifting from one period to the next, 

the main soaece area. changing opickly, as negative areas 

became positive, and local rejuvenation ocolrred. From 

these facie, and even more strongly from the Silurian rocks, 

we obtain a picture of condition° which were extremely 

erratic, and - in the present writer's_oinion at least - 

not of great significance in comparison with the mee;or 

downware to the north. The Southern Uplands 'geosyncline' 
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and the 4140.1h 00os:incline' were comdsratively conspicuous 

features, but they seem to have been bucklings Oeveloped at 

a late sage in the history of the aledonidea and are (con-

sequently) but little affected by the Oaledonian orogeny. 

;.,et us return to the muthern boundary of the i1ghlands. 

llere curing Ordovician times a large thickness of coarse 

greywackes (4,400ft) were deposited whilst some '&vit• of 

graptolitic shales were formed at a point ou -, of reach of 

the coarse etritus. 	The section (diagraiii 30) is by now 

clasic. 

The 'second cycle' sediments greywaclies and so on 

in their immense thickness, rapid deosition, 'luck of sorting, 

and their distribution, suggest the north Scottish area of 

deposition had begun its career as a positive area; and that 

the x;etamorphism and the main folding of the sediments north 

of Girvan began in Lliddle Ordovician times, much earlier thali 

the folding which affected the lienglish and ..felsh areas. 
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5 d' 	M A it It • 

e have considered at some length the detailed strati-

graphy of the a.ledonides of 5vallard, Scandinavia, anu 

3ritain. 	The question now arises: do the sediments indicate 

simil-rities in the broau de_velopment of conditions in these 

widely sea rated areaSf 	The upper parts of the s-icces6ions 

we c.3% correlate snd compare unhesitatinely, on palaeonto- 

logical evioence. 	l'he presence of :„!;ocambrian tillites of 

similar character in all the sacces&ions, suggests that the 

glaciation they record may also be used as a time Marker, in 

the absence of fossils. 

e may generalise thus s in each area, crystalline 

rek.:ambrisn rocks are overlain by an Immensely thick series 

of sediments which represei 	major cycle of sedimentation. 

The earlier depositr :,re poorly differentiated, rapidly 

formed, and contain a great proportion of land-derived 

material: these are the lower parts of the Murchison Bay 

formation in Spitsberen, the Older sparagnite of 6candinaviat  

and the goine Serie of 5cotland. 	In the later part of the 

series the sediments are more slowly accumulated, show 

better differentiation into purer, less mixed, lithological 

types, with a rising preponderance of carbonates; - the upper 

Murchison Bay formation, tde Zounger Speragmite and the 

loser. part of the Dalradian 'Jeries. 

At this point general glaciation occurred, viith local 
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upwarping and erosion of beds just laid down. 	diacial 

deposits ere formed in water, in very close asocaation 

with the deposition of dolomitic limestones in swallow water. 

Tbese tillites are the Sveanor formation in Spitsbergen, 

the Moelf-Finnmarken tillites of Norway, Jana the Portaaaaig-

Schihallion boulder beds of Scotland. Above ale glacial 

deposits occur further series of sedimenas reaching into 

Cambrian times, ahere the first fossils are recorded - the 

Cape Sparre formation, ..;.aitsbcren; the Tanafjord Sealee, 

Norway, and possibly the iradian in Gt.Britain. 

No further evidence can be adduced of events in Spits-

bergen, but in Scandinavia and Britain Lhere was widespread 

extension of the nrens of deposition at the beginning of the 

Cambrian, and a series of oval downwarped areas aeveloaed 

to the south-east, rather different in their erratic form 

and shifting position from the very long troagh in which the 

aocambrian sediments had been steadily accumulated. 	he 

earlier Cambrian - at Tanafjord and Durness is character-

ised by the abundance of :Lana derived material, the supply of 

which gradually diminished in relation to the proportion of 

carbonates. 	in 'Canadian' times dolomitic limestones were 

being deaocited in shallow waaer, a distinctive assemb 

of gasteropods, cephalopods, sponges and corais being pre-

served; - the :loanger Dolomite series of "2ear islana, the 

amola limestones, the Balmakiel and Croisaphuill groups of 

the aurness succession. 	In Dear Island these conaitleas 
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continued to 'Black Slyer' times. 

Not much later, the main phase of folding and meta-

mordhism began; this supplied fresh material for the srouLhs 

to the south-east (jouthersi 41ands and :;..2k>rway) where 

second cycle sediments accumslateo. 	Sue foldia spseaC 

southd4actwardi as time went on. Final isa,or uplift, after 

folding had eased, began in Downtonlan times in the north- 

west: further south at the end of the l'owntonian. 	6x- 

tensive and thick post-orogenic sediments accumulated in the 

Devonian period - in 4itsbergen, 5.orway and in Britain. 

Is there a corresponding unity of structurei iae 

diagrammatic section (diagram 3 1 ) is an attempt at a gesterai,. 

isation of Caledonian structures in Sritain. 	In the i..... 

Highlands, folding in the sioine jeries is directed towards 

the west, south-west or north-west, that is toward the rigid 

foreland now exposed to the west. 	he iialradian reeks, 	in 

the southern part of the ilighJsinds, are overfoleed in the 

opposite direction, so that the master structure is syAmetri-

cal with two belts of folding directed outwards from a 

central lihe. To the south of this symmetrical sone of 

intense eformation regional metamorphism is absent and the 

folding is more gentle - isoclinal structures in the doui,hera 

Uplands giving way to the open anticlines zinc synclines of 

the Lake District and Anies. 

The section shows a remarsable resemblance to that 
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drawn for Spitsbergen (diagram ate,p.4) the width of the 

zone of intense deformation and regional metamorphism is 

*bout the same in each case - 130 to 200 miles. There are 

many further similarities, for example in the patterns of 

metamorphism and migmatisation, the distribution of late-

stage cross-cutting plutons, end the post-orogenic block 

faulting, which controlled Devonian sedimentation. 

In Spitsbergen, and in Britain, then, the Laledonlan 

orogen is made up of a belt of metamorphic rocks which has a 

symmetrical structure with overfolding on each side directec 

outerd from a "central zone": to the east or solth-east, 

gentler open folding indicates less intense foreshortening, 

and there has been no real regional etamorphism. 

The disposition of these "central zones" - the lines 

of symmetry running through the middle of the beita of 

intense deformation - has been plotted on diagram 

Clearly we should examine the structure of Scandinavia, 

expecting to find a similar disposition and gemmetry. 

The area of gentler structures to the so...ta-east ia present 

(in south Norway) but la the main belt, only overfoleing 

and thrusting to the south-east is developeo. 

In diagram XL , the distribution of belts of Westwrd 

bluing and eastward folding are indimelxd, and also the aree 

Of gentler open slructures. For Norway we must postulate 

either that the 'westward. belt' once existed, to the west of 
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the present coastline, or that the symmetry of the Spits-

bergen and Scottish Caledonides never exteeded to Scandinavia, 

where -compression might have resulted in all folds moving in 

one direction. 	dowever it seems a little unlikely tnat the. 

folding in Scandinavia should take this form, Welle the 

structure in Scotland and Spitsberen gives no hint of such 

a pattern. The more likely alternative is Lhut a belt of 

westward overfolding lay to the west of sorway. 	It may be 

suggested that it is now submerged, downfaulted, off the 

Norwegian coast. 	But the presence of a daledonian fold 

belt of the correct dimensions, the correct dispositien, and 

the correct structure, along the east coast of Greenland, 

suggests a working hypothesis for the final part of this 
the 

review of the Caledonices ofrsorth Atlantic-Arctic ,wovince. 

The present-day distribution of the Caledonides of the 
cylindrical 

province is best shown on an oblique/pro.)ection diagraml4AN. 

If we manipulate the two sides of the Atlantic Ocean so as 

to bring the fold belt of Greenland into the position of Wee- • 

missing belt wet of Norway, we achieve a structural unity - 
33 diagrampriv.:This may, of course, be pure coincidenCe; but 

if we can discover evidence from the rocks of Greenland 

that they once formed part of the same geosyncline as that 

from which the Spitsbergen-Norwegisn-',british daledonian fold 

mountains were built, then we shall have gone some way toward 

showing that the geology of the North Atlantic makes more 

sense if Continental 1)rift is possible. We will, then, examine 
the Caledonides of Greenland. 
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The general geology of Greenland is summarised in 

the diagram 34 o?posite. 

The Archaean gneiFses, which form the basement complex 

over which the Caledonides have developeo, show at least two 

PreCambrian orogenic cycles, and in the Jmanak area on the 

west coast, a third. 	In the north beyond Thule, a series 

of Cambro-Ordovician rockz (and in the. far north 611urian) 

rest unconformably upon the late i'reCambrian "Thule formation" 

- consisting of red sandstones and dolomites, with stromatolit- 

ea. 	The belt exten6s across into Peary Land as a high 

mountain range. The date of his roughly 	fold belt has 

not yet been fixed more definitely than pre-Upper Carbon-

iferous. 

The Irincipal zone of interest for this study is the 

great 	at Greenland ale(f.loian belt, which runs N. and 

song the coast for woe seven or eight hundred miles. 

This belt will be dealt with before the stratigraphy of 

North-west Greenland, and then Ellesmere Islam, is W.SCUSSeQ. 

Nathoret (1901) and NordensKjold (1j3) carried 

out the early investigations, on a large scale; more detailed 

work includes that by -2eichert (1935), Backlund (193L,) and 

4egmann (1935) on the northern part of the belt; iiordie (1926); 

ordie and hittard (15230), Kulling. (10), aric; i'oulsen (1930 

on the southern -part, an the su=aries by i;och (122). 



Parkinson and. Ahittard (1931) and Odell have also worii.ed 

in the central and sa,ithern parts. 

V4ordie has proposed the name Franz tiosef Beds for the 

whole of the sedimentary sequence between the basement com-

plex and the Old Red Sandstones. Considerable argument has 

occurred on the . ermihology of he classification within this 

series, and even on the use of the name 'Franz t.Josef Beds'. 

The ibilowing scheme seems however to be the moat reas3nab1e, 

Obrresponding partly to 4oriel a classification and partly to 

eoulsen's: 

Ordovician 

Cambrian 

? 

Locambrian 
C- 

garWhale Sound Formation. 
giOe4.0likr .1'1QT1maIIQn. 
Cass Fjord Formation. 
Dolomite Point oration. 
Hyolithus.Creek Formation. 
L:,11a island Formation. 
kgstion Formation. 
Spiral_greek:eormation. 
Tillite Canyon Formation. 
Cape Oswald Formation. 
Lleonore Lay Formation. 

	indicates discoLifo ity). 

The succession in the region of Franz 'Josef Fjord is 

best known. 

The it..LIIANOitz. BAY POHMAT1W is a much more important 

and massive 'unit than any of the other smaller divisions 

mentioned in the table etycrleaft  reaching over 1:31OOC,Xt. in 

ihiekness. 	it ha been divided by 'Culling, into two broad 
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divisions - the -:,urtzite Jeries below )  and the limestone-

Dolomiteaeries above, but ?oulson prefers a trcefold 

division)  the lowe of sandstones and quartzites, the middle 

of light coloured shales and he upper of lstones and 

dolomites. 	The question is rather academic; perhaps e0j1SOLIto 

ciasrification gives a truer picture of the lithological de-

velopment within the Formation. 

The 'quartzite series' lies above even older sediments 

of this same episode, not /et investigated. 	It fails into 

8 divisions, as fellows, the youngest first 

8. 500 to 650ft. Reddish-brewn shales and some green snaies. 

7. 200 to 225ft. Reddish-brown qUartzose sa,.dstones 

6. 80 to 100ft. 

marks, mud cracts and false-bedding are 
common. 

ihite quartzites. 

8.  330 to 500ft. Aed lellinated shales - sometimes red-grey. 

4. 650 to 800ft. Greyto 	in the -green 	white q!-Afiptaatce, 
upper part quartzites, alternating with 
grey or grey-green shales, or phyllitic 
quartzites. 

3. AOft.app. As 4. 	At the baser -a thick bed of grey 
shales. 

2. 1300ft.app. -iied quartzites in the centre, pink above 
and below: ripple marks occur. 

1. 1100ft. Grey-green and white quartzite, the latter 
often showing beautiful ripple marking: 
false bedding common. c)ccasiol grey 
slates with small lensee of eolomite. 

Beds below not examined. 

Total thickness - 52bu to 57b0ft. 
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The beds pass up into the limestone-doltmite eeries 
gradationally )  but it is convenient ',do draw the line of 

division below a distinctive horizon of aL..ernating red 

dolomitic slaees end grey dolomites. 

The detailed stratieraphy 	the limestone-dolimites 

Series is given below:- 

23. lft. Black limestone breccia - intraformational 
conglomerate. 

24. -,25ft. ell bedded dolomite; red green grey shale beeL, 
and green shale base. 

23. 500ft. Dark grey bituminous limestones. 
22. 165ft. Light grey dolomite. 
21. 330 to 50Jft. Grey black bituminous limestone, 

frequenLIy oolitic. 
20. 165ft. Grey dolomite with Cryptolgoon. 
19. 100ft. Light and rea-grey -limestone. 
13. 500 to 650ft. 3ark grey bituminous :limestone, often 

oolitic. 
17. 325ft. Red.-grey limestone - largely iatraformational 

conglomerate. 
16. 600ft. Grey-black bituminous limestone, sometliAss 

oolitic. 
15. 650 to 300ft. Light grey dolomite - largely intra-

formational conglomerate. 
14. 500ft. Grey bituminous limestone. 
13. 230ft. Light grey dolomite with Cryptozoon. 
12.e. 985 to 1150ft. Green to grey-green quartzite. 
12.4) 220 (Grey limestone. 
12.d) to (Grey quartzite. 
12.b) 325ft(Grey dolomite with CryptoioOn. 
12.a. 165ft. Green-grey to red-grey quartzite- cross- 

bedding: slate bands. 
li.c. 800ft. Grey dolomite - weatnering yellow. 
ll.b. 166ft. Grey dolomite - weathering grey. 
11.a. 22) to 325ft. Grey dolomite weathering yellow, with 

Cryptogoon. 
650 to 30Jft. Dark grey bituminous limestone. 

9. 500 to 650ft. Distinctly bedced dolomite, banded with 
red)green and grey shales: wieh red doloelitic 
shales in the lower part passing down into 
the red shales of the quartk,lIe cArlee. 
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The total thickness of the limestone-dolomite series is 

thus roughly ; 11.&,) to 9,300ft, and the whole of the .L.leonore 

Bay formation detailed above amounts to between 13,900 srld 

14,000ft. 

Parkinson and '.4hittard 	p.6b7) give a detEyiled 

succession of some 5,090 ft. in the limestone-dolimite 

series: Cryptozoon reefs in limestone, which altermte 

with quart'eltes and. Shales are again recorded.- his work 

is on an area,  - Ruth Isinnd - about 	miles south of the 

type succesA.on. 

The Eleonore 13ay Formation contains no rocks wAich 

indicate anything other than shallow  water eposition. 

The quartzites in the lower d;Jrt are cross-bedded, ripple 

marked, and sometimes show mud cracks. 	Immensely thick 

beds of intraformational conglomerates in Lae higher lime-

stones, the alternation of limestone and asndstenot and the 

dresence of mudcracks on the surface of some bituminous 

limestone beds - all indicate shallow water. The oolitic 

portions of the series corroborate this; anC highly bitu-

minous limestones, and Cryptosoon reefs indicate the presence 

of organic life in the basin of deposition. The red and 

pink quartzites owe their colour to iron oxide pigments anc. 

must indicate intermittent 	u of the sea, or uplift 

of the sea floor into the zone of oxidation and weathering. 
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The character of the formation ta.c.en ah. a whole in- 

dicates ra-oid deposition in a flat-dottomed trou 	sedi-

mentation and downwarpin,: of the floor Keepini pace with one 

another, so that the water remained shallow throughout. The 

alternation of facies suggests perioe,ic epeirogenic move-

ments of the borderland, and the gradual change of domirtant 

lithology from sandstones to shale, and flnally chemical 

precipitates, indicates a major cycle of sedimentation aprres-

ponding to a oeriod in which the borderland, though period?.. 

ically uplifted, was slowly planed down by erosion. 	ão 

evidence on he direction of derivation of the sediments, or 

the position of sh,re lines, is available : no important 

breaks in the succesJ,ion have been recognised. 

Mk; CAPE OSWALv Fui-eeAT:6„44 lies unconformably above the 

limestone-dolomite series: it is divisible into two main, 

but comoound, zones., separaed by a flovioglacial series. 

Several sections of the formation have been described, which 

serve to show how immensely variable the thickness and litho- 

logy are. 	At Tillite Canyon it is 285ft. thick and con-

sists of 3 tillites, the lowest with bumerous, the upper two 

with few, fragments, the tillites being separated by two 

horizons of sandstone. just solth of Cape Oswald, on the 

west COas of Willa Island the thickness is 12§Oft. thick, 

with six thick tillites and five zones of sandstone, shale, 

or (in one case) black limestone. 	his latter development 
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still shows a division into two major parts, for the lower 

two tillites costsin as Fragments little but material from 

the top of t,e leonore Bay Formation - dolomites and lime-

stones : the other tillites, above, have lsrgesy igneous 

nnd setamrphic ;Aerial - and few sedimentary fragments. 

The sas 	ne-shale sequence between these two parts is well 

stratified and shows 	'foreign erratic material : it 

must be regarded as an interglacial deposit (47Oft.tnscsd. 

In Tillite Canyon the position is rather different : tne 

lowest tillite contains msstly boulders of crystallie rocs, 

with few of seeliment—ry material valilst the upper tissise 

contain mainly sedimentary blocks - dolomites, simestones, 

oolitic limestones, quartzites and the like - moaL of which 

clearly come from the top of the Ileonore Bay Formation. 

The erratic fragments are often well polished, facettc, 

striated and grooved; they are often rather large. The 

matrix is almost invariably gritty - consistin6 of qsartz 

and a little fresh, angular felspar. The sandstone bands 

which se,oarste the tillites are beautifully false bedeed and 

are obviously glacio fluvial deposits. 

iherever examined, the tillites of the Cape Qssaid 

Formation rest upon soft dark shales of the sl,Aonore say 

Formation, which shows no scratching or grooving. Inc 

overlyinv varved shales, these dark shales below, and the 

general character of the tillites, clearly show that the 
deposit was formed in shallow water and in very shallow 
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outwalih areas, daring a compound period of glaciation, 

perhaps entailing two major ice advances. 	The shale series 

below is about 700ft. thick at Cape Oswald, but over 1600ft. 

at Tillite Canyon, and the stratigraphy indicates clearly 

that there is a coxisiderable break between the ...1.eenore -thay 

Formation and the Cape Oswald Formation. 

The Tillite Canyon Formation follows the tIllites, and 

the lower beds exhibit beautiful varves, quite uistinct at, 

the base, but dying out upwards. 	The beds consist of some 

925ft. of dark shales and (in the upper 250ft.) black thinly 

bedded limestone, with worm cass. 	The varves are un-

doubtedly indicative of the coninuation of glacial con-

ditions, which steadily decreaed in effect. 

A marked disconformity separates the Tillie Canyon 

Formation from the Spiral  Creek Formation above. The beds 

Consist of some 80ft. of thin-bedded grey-brown quartzites 

alternating with red and green micaceous snale - the 

quartzites show ripple marking, and the micaceous shale - 

mud cracks and frequent pseudouorpue of halite crystals: 

these provide good evidence of shallow water, and temporary 

emergence, with rapid sedimentation. 

The lowest of the fossil bearing series is the 

Bastion Formation which rests disc onformably or untonform-

ably on the Spiral Creek Formation. Three sections nave 
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been studied in detail, the localities lying on a north and 

soAth line tlout 10 miles long. 	in the south on 	island, 

only the upper psirt of the formation is prk;sent 

glauconitic sandy shales with brachiopods, alternate with beds 

of grey quartzite. 	In the north the base is mace up of 1.60 

to 200ft. of yei_low to white quartzite above which are sandy 

shales .1tern5ting with thin beds of limestone, or sanCstone. 

The limestones contain the majority of the best preserved 

fossils :- 

Lingulella (Lingulepis) sp.nov. 
Obolella sp.nov. 
Botafordia caelata (Hall). 
Fordilla tryensis Barronde. 
lialenia belle talcott. 
Discinella sp.nov. 
Helcionella cingulata Cobboldi t 
Ayolithus (Orthetheca)beyonet atihew. 
{yolithus (Orthothece)sW.nov. (3 new species). 
Hyolithus (Hyolithus) americanus 'Billings. • 
Hyolithus (Hyolithus billingsi 
Hyolithus (Hyolithus) similis Walcott. 
Hyolithus (Hyolithus) siAnov. (3 Ww species). 
Hyolithellus mieans (Billings). 

var.robustus Cobbold. 
Holmia sp.nov. 
Oienclius cf. reticuletas Peach. 

The asSemblage is a typical Lower Cambrian fauna, with 

notable affinity to the faunas of this age of eastern North • 

America-New-IPoundiand, the horthern Highlands, Scandinavia, 

and 'forth Eiast Land, Spitsbergen. 

Lingulellr, sp. end - Obolella sp. are reminiscent of the 

Cape Sparre Formation assemblage of Spitsbergen. Botsfordia 

caelata (Hall) 4,4-Oray known from Uset and North .4es 



238. 

Greenland apart from the areas listed above (.Americal  

Scotland, Scandinavia.): dyolithe1lus Tnicans (Billings) has 

a similar distribution. 	The variety robustus LoLbold -of 

4olithellus micans, and Helcionella cingulata Cobbold, are 

only known from here in the Bastion Formation, and from 

Lower CaMbrian rocks of Comley, Shropshire, - a rather sur- 

prising feature. 	Fordilla troyensis Barrande and iielenia 

bella '.alcott are only known from E.Greenland and ..America - 

while three of the dyolithus species listed occur in . .Americe )  

and Hyolithus (Orthotheca) bayonet Matthew occurs also in the 

Comley assemblage. Olenellus cf. raticulatus reach indic•tes 

correspondence to the Lower Cambrian of the Durness 'iuccess-

ion. 

Poulseri (1930) who found and described the assemblage 

believes it to represent the Callavia zone, although the 

genus Callavia Matthew is not represented. in the fauna. 

Another slight disconformity• separates the Bas ion 

Formation from the Ella  1§land Formation: 165ft. of thin 

beds of grey, fairly pure limestones - some developed as 

intraformational conglomerates, with A.ny pebbles of dark 

limestone; these calcareous beds alternate with fine grained 

calcareous sandstones, often beautifully cross-bedded. 

The 	semblage is as follows :- 
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Problematicum (cfr.Spirocyathus) 
Sabellarifex ap. 
Kutorgina ap.nov. 
Micromitrn (i)nterina) sp.nov. 
Diecinella holsti :berg. 
Hyolithellas micans (Billings). 
Salterelia ragosa Billings. 
Paedumias sp.nov. 
Holmia 	spp.nov. (2 new Epecies) 
Olenellus cfr. reticulatus 
Olenellas spp.nov. (2 new species). 
Strenuella sp.nov. 
Solenopleura sp.nov. 
Corynexochus (Bonnia) cfr.parva as (131- 

sp.nov. 

Again the faunal assenblage shows stronac affinity 

the Lower Cambrian faunas of eastern U.S.A. and eastern 

Canada, Newfoundinn6, Shropqhire, Durnesa, aaci 3caniaavia. 

The distribution of several of the species has already been 

mentioned but in addition we have hex* - l'aedumnias aalcott 

and Corynexochus (Bonnia) parvulus 	otherw se only 

known from North America: Discinella holsti Lioberg is only 

known from here, and from Scandinavia : Salt erella ragosa 

Billings occurs in North America, Northern Scotland and 

Shropshire. 

The disconformity between this forwation snc uhe zastion 

Formation cannot be very great for they are both evidently 

of the Callavin zone, and several species arc found whicn 

are exactly similar in the two series. 

The IlyolitauF Creek Formation above may be coaformabie 

or not, for the junction is not exposed. 	1:he aeries con-

sists of some S5Cft. of massive-bedded, compact., dark grey to 
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blac4 limestone. 	.o fossila have been found. 

£4 conformably above the Uyolithus Creek For 	n; lies 
the Dolomite Point Formation - nearly 'Wort. of thinly 
bedded intraformational co];:glomeri:tes - concistin of irregu-

lar tint-grained light grey dolomite pebbles)  in a fiae-

grained dolomite matrix. Stromatolites of Cryptozoon type 
occur )  but no other fossils. 

.111§f_F4 •ord  formatlon rests cisc formabij at*Ve the 

Dolomite Point formation, 	it coasists of about lucLJit. of 

soft grey-green shales alternating with limestone beds 

reaching about 10ft. in thickness. These limestoneSs 

formational conglomerates. 

An'jpper Ozarkian' fauna has been found :- 

Linguelella a). 
k;oorthie sp. 

Gasteropod - 
Simlopea 
lystrlcurus rarni Poulsen. 
.4ystriatrus sp.nov. 
Symphysurina sginov. (2 new species). 

The assembladie corresponcf.J very closely to that of the 

Cass  Fjerd formation of Nort ,est (A-eenianu l  wich will be 

dealt with later. 

The Cap, Weber Format=  rests on a slightly tilted 

surface of the Cass Fjord Formation. hearly 2100Oft. of 
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anmpact massively becAed darA grey limeotone maAes up the 

formation, end the fossils indicate an Upper eanaulan age. 

The break between this formation acid the Cass Ford beds 

must therefore be considerable - represeating giddie ana 

Lower Canadian and perhaps even Upper arelan. 

The fauna contains ,:he following : - 

Helicotoraa cfr.similis 
Lecanospira sp.ind. 
Aystricarus sp.aov. 
Bathyurellus sprtay. (3 new species) 
Bathyurellus s2. 
Petigurus sp.nov. 
Bolbocephalis sd.niv. 
Cryptozoon Stromatolitis. 
Jnidentified genera of brachiopods, gasteropods anu 

trilobites. 

Lahge Koch (19a) claimed that the fauna izicluced 

Llaclurites, II;ndoceras and 'iCalspaecial  but ?oulsen has 

re-examined the material and fails to recognise these 

genera. 

The assemblage is of .orth American t,pe but the large 

number of new species make it difficult to watch very 

precisely. .L3olbocephalus ahitfiele is only known from 

the „J,,der Canadian (140kmantown) sac the new species found 

is closely related to bolb4phalus .eelyi whitfield, from 

the Fort Casein bets in Vermont (beekmantown) : Helicotoma 

similis ,hi field -lo belonis to the Fort Casein beds 

fauna. 

There is a 5),rewhat 6ifferenr„ fauna of this age in 

Creeninad, tho.h g)me eriera ale com,wn: the poi. is 
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elaborated later. 

The Narwhale Sound_formation lies, perhaps die-

conformably, upon the Cape ,eber formation; Poulsen, who 

made most of these observations, may have overestimated the 

number of disconformities in this area. The series is about 

1,000ft. thick and falls into two divisions, the lower of 

about 50Oft. of thin bedded, light grey, compact limestone - 

unfossiliferous : the u?per 50Uft. has a Si/Ajar lithology 

but contains fosAls, whch include Bathyurellus sp. and 

Ceperditia sp. and some oBtracods which it might be possible 

to use to settle the age more satisfactorily. bathyurellue 

Billings is only known from beds older than Chazjan, and the 

beds overlie Upper Canadian tediments, taus affording two 

precise limits to the possible age range. 

No younger beds, before the Devonian conglomerates, 

have been recorded in ...ast Greenlano: alic. the Devonian 

contains no derived pebbles which indicate the former ex-

istence of Silurian rocks in this area. The general con-

sensus of opini)n is that the most important phase of the 

Qaledonian orogeny in east Greenland -was Taconic, and that 

no Silurian sediments were deoosited. 

To make this account complete the North Greenland 

Caledonian belt must be Included ; knowledge of this belt 

comes from work in the areas of Lliesmere Land, kane 

and Peary Land 	a 93'0 
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In the Second Norwegian Arctic 4xde6aLlou oi the 

"Pram ", 1398-19021 - the Canbro-Ordovicion ueus of the 

heche Seninsula were studied and described by eer Schei 

(1903) and Olaf h'olteAdahl (1913). The Oxford University 

Ellesmere Land Expedition, l34-advanced the work in the 

western part of the zone to its present state (Bentham-1936). 

The recent large scale i)anish eear' Land Expeditions, which 

have worked for several years since the war in N.E.Greenland 

under Count g1l Knutt and Lbbe iainck, have contributed 

most of the present knowledge of the eastern part, since 

Lange Koch's work (1929-1933). Troelsen (1940) has 8iven 

the best account of the Nw.Greenland Lower ealaeozoic rocks. 

In dealing with these areas, it has seemed better to 

indicete the successions and their correlation to the-.oast 

Greenland stratiraphy in tabular form (diagram 3b), before 

discussing them in detail. 

NO= OhEENLAND will be dealt with first. The sulff 

River formation is ort. thick in N.E. Greenland, and consists 

largely of limestones, anc sandstones with much glauconite. 

A basal conglomerte is developed, witn smali sandstone 

pebbles. 

The Caoe Ken  formation shows no distinct unconforelity 

at its base, bus the lithology and faunal assemblage are 

markedly different from those of the .ulrf /aver beds. The 
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thickness is a)ft., consisting of a uniform series af iiriy 

pure oolitic limastones. 

The Capeood Fprmation begins with a basal conglo-
merate with glauconite, and then 3 series of alternatiAg 

limestones and calcareous sandstones. 

The above three formations make u the Cambrian beos 

of N. and N.B. Greenland. The ulff River formation contains 

3alterella, Olenellus sp. etc., and the Cage tent limestones 

contain Olenellus, Kochielia, and Inglefieloia; tnese two 

formations are both, therefore, of Lower Cambrian age. The 

Cape .400d Formation contains Glossoaleura, and Clavaspidellal  

etc., and is of fiddle Cambrian aae. 	ltais thus clear that 

large stratigraahical breaks exist here, not only at the 

base of, and within, the Lower Cambrian, but also between the 

Lower and ,,Addie Cambrian, Etild above the IA.dcle Cambrian, 

— for the mole of the japer Cambrian is missing,--a very 

significant feature in our consideration of the broader 

relationshias of these sediments to those of other areas. 

About 1,800ft. of Lower Ordovician sediments lie above 

the Asadle Cambrian beds. The Cass F.ord For  ti is 

nearly l,3CJft. thick, ari6 consists of ark 	lime-

stones, limestone (intraformational) conglomerates, and soft 

shaler. The fossils indicate a lowermost Ordovician ae:*; 

they include the brachiopod :6oarthis, the gasteroaod 

3inuo2ea, and iiystricurus. 
The Caoe  Clay  Fprmation, discanformably above, consists 
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of 100ft. of limestones. The fossil assemblage again in-

dicates. a Lower Canadian age; with Eoarthis, Ozarkispira, 

and Hystricurus, and the trilobate 3ymphysgrina. 

The Nunataimi formation, 4bUft., consists of shales 

and limestones, often asintraformational conglomerates. It 

is rich in fossils - some graptolites, eg. i'hyllograptus 64). 

arid jAdyimograptas bifidus, indicate the precise age of 

various horizons (see table ici453Le.943, 	rilobites 

Bolbocephalus, Goy 	and lsoteloides - are also present. 

The ,lEe of he formation is Upper Canadian, and the .10.ale 

Canadian is therefore absent from Greenland entirely. 

In .ele-eed .e.et4i) the sequence is even less complete. .ene 

Cape icent limestones are missing, and so is the Cape wood 

formation. 	Sediments with the characteristic fauna of the 

Wulff Aiver formation are followed unconformable by the 

Upper Canadian; the Cass Fjord Formation ana the Cape Clay 

Formation of the Lower Ordovician are missing. So the LJpper 

Cambrian, Middle Cambrian and Jpper Lower Cambrian are absent 

in keary Land, as well as the Middle and Lower Canadian. 

The Lower -.alaeozoic Series here is underlain by a 

thick series of sediments, the Thule formation, which in-

cludes beds of tillite - this i.me resting on scratched rock 

surfaces. Little is known of the formation here, and 

nothing seems to have been published in any detil. 
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ro the lee;3t, north of Thule, the l'hule formation 

uheierlie ene Lower ealaeozoic roc4s, an4 is here 

made up of sandstones and dolomites; with tilliees. 	fhe 

atratigraphy haF, not been worked out but there i, certainly 

a strong suggestion that these sediments ere the equivalent 

of the -4,1eonore liay formation of east Greenland. 

In 	 -LZ•i+iiiisii) Lower Cambrian rocks rest on a 

peneplained surface of Archaean roc4s. 	Per Jchei (.1i;) 

and 	lientham (136) have worked in the area, anu the palseo-

ntolwicel materipl has been studied anu uescribed by seoulsen 

The stratigraphy is nor- perfectly known, but tne broad 

divisions anc relationshis are shown in the table. 

The Bonniopsie horliska is the oluese foasiliferous beak 

in Lae region its equivalent has not been idenified in 

/..eenland, but there, in the Wulff diver formation, 

occur pebbles with Acrothele pulchraeand i'aLerina lata) - 

species from the Bonniopsis fauna, which suggeses that the 

horizon was in fact also lai6 down 	of the Ian basin, 

but subsequently eroded, before the deposition of the Wulff 

:%iver formation. 	,he limestones of the horizon oontain:- 

Acrothele puichraoPoulsen. 
Ryolithes (iyolithes) s;). 
PaedeumissY borealis gp.nov. 

an Olenellid-unidentified. 
Boaniopsis nasuta gen. et 3.nov. 
Bonniopses rostrat.a sp.nov. 
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The Marshall Bay Vormgtion may be represented here in 

a sandstone, grit and conglomerate series : in 1940 Treolsen 

described its discovery in Ne Greenland - and it, is given in 

the table, dated by Olenellid trilobites : details of iLs 

lithology are at present unfortunaeely coalined eo descrip-

tions in idanich - froelsen (1940). 

The eulff Aiver Formation of -0 Greenland nes noe been 

ideatified e. of the Kane Basin, bat .eoulsen, for example, 

sag:I:eats tart it may form part of the unfossiliferous eon-

Flomerate, sandstone and Frit series mentioned above. 

2roeisen records an unfossiliferous limestone above the 

Bonnlopeis horizon at Bache eeninsula : this limestone, 

(oolitic) he regarcs as the Cape  E,'ent formation. 

The Ca _2e .00d Formation represents Lhe Idd1e cembrian 

limestones, often sandy, are )art of the formation, but the 

stratigraphy of all these groups is virtually unicnowL. 

Fossils have been collected from various localieles, an the 

presence of roczas is inferred from the occurreuee of faunas 

of various acres. 	The fossils recorded here are evidently 

referable o three horizons, the lowest the Gloseophura 

horizon, with a Clavaspidella limestone formerly ret arded as 

a distinct horizon (Cape Frederik VII formation of .'ouleen, 

192i) in its centre (Troelsen, unpublished); a centrall  

earathielia horizon, and an upder Elainiopsis horizon. 
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The Glosso2leu.ra horizon includes ;- 

- Clavaspidella Y sp. 
Glossopleura of. expanse ,2oulsen. 
Glossopleura lorigifrons 
Glossopledra aicotti oulsen 

The Llrathiella horizon includes .,...drathiella obscure 

The Blainio2sis horizo  includes : 

Blainiopsis bentbami gen. et  sp.nov. (rt.et cpinaV). 
holtedahli sp.nov. 
scheii sp.nov. 
7 sp. 

iarathia ? sp. 
KoChina arctia sp.nov. 
Olonoides ? fallax ap.nay. 

The presence of Lochina Resser saexesta i.te1e Cambrian 

age, and the whole of the Upper Cambrian is thus missia6. 

The Cam3 	fornatio:', is only identified by the litho- 

loEical similerit4 of • sil-cle specimen brought back by 

Bentham. 

The C4de Clai, the ilunatami and the eaoe Heber 

formations have however been recognised, but two horizons 

of the Nunatami formations have not been identified, due to 

the 7bnence of Didymograptue bifidds, and the gasteropod 

horizon. 

The Ca),g Clay beds include :- 

Clarkocera(7 sp. 

The Nunatami formation includes :- 

komatatrema semiconvexum (?oulsen 
Eccyliopterus 	sp. inuet. 
aphistomina latiumbilicata loulsea7 
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Spyroceras7 spsindOt. 
Cybelopsis speciosa Poulain. 
Isoteloides7 polaris PoUlson. 
- Asaphid trilobite - G. and sp.indet. 

Goniotelus crassicornis Poulson. 
Bolbocephalus glaber (Poulson). 
Goniotelus bggildi (Poulson). 
Isocbilina suavis Poulson. 

perporosa Paulsen. 

The c_.1:4 Seber formation includes 

Archaeorthis groenlandica Poulson. 
Helicotoma 7 sp.indet. 
Hormotoma 7 sp.indet. 

sp.indet. 
Actinopeltis feildeni gen. et.sp.nov. 
:iyatricsrus crassilimbatus Poulsen. 
lsochilina suavis Poulson. 

Nixed collections of faunas from both liunataml and Cape 

40ber formations include, as well as the above, 

Phyllograptus sp. 
Kaphistomina latiumbilicata Poalsen7 
Bathyurellus teicherti Poulson. 
Petigurus sp. 
Poltyoccia borealis 	) associated with a bathjurid 

multicamerata ) genet sp.indet. 

FS.ssAs,  

The faunal assemblages of Greenland as a whole have 

affinities with those of various areas of Lower Palaeozoi0 

sedimentation - apitsbergen, N.S. Scotland, Scandinavia, 

Shropshire, Newfoundland, and more especially N.America. 

The evolution, migration and distribution of the Lower 

Palaeozoic faunas - with relation to Greenland particularly 

has been considered by Koch, Ulricht and .?oulsen, and their 
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Conclusion is that there are definite affinities between 

the Greenland assemblages and those of the St.Lawrenve 

Geosyncline on the one hand )  and the Coreilleran Geosiacline 

of the vest coast on the other. 	Poulseal  dealing with 'ortn 

Creeuland more particularly)  ineicrAes that the  ultf iver  

formation hat faunal affinities with both the (.ordilleren and 

the St.Lawrence Last .;reanianci 	s. 	The Cage Clay  fauna. 

is related to asLeTclblares from the Cordilleran geoedheliLe; 

Loch considers that the fomation in :c.ast 	li;a0w6 

invasion by faunas from the north. The Ordovieian iaunas 

on the other hand seem to indicate distribution from Lie 

geocyflaline eo'11 orth Greenland)  via the east 

coast. 

.Poulsen's view of the general Lower i'aiaeozoic palaeo-

geography)  for example in jpper danadian times)  is something 

like that shown in di,qram 37)4 	
osite) 

Little has been said concerning the Lower Palaeozoic 

part of the succession with regard to its mode of dei)ositLon. 

fhe essential facies are sandstones and dPnglomerates on th.,, 

one hand)  and limestones or dolomites on the other. The 

sandstones show all the characters of shallow water depositiona 

the conglomerates overlie unconfosaiities and are obviousli 

due to emergence of the sea floor; he subordinate shales)  

which occur more particularly ia the Ordovician)  sometimes 
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Contain Grastolites and are evidently mostly of the grapto-

lite shale facies - the current view being that these are 

rather deeper water deposits, compared with the sandstones. 

limstones are often oolitic and very often occur as 

intraformational conglomerates, which indicate freque14, if 

not permanent, shallow water conditions. 	The SUQCOSS1011 

is markedly characterised by stratigraphical brea4s : the 

thickness of beds between successive discostormities is 

rT,re.ly very large. 	Large parte of the succession are 

missing - some of them due to non-deposition, soma to sub-

sequent erosion before the succeeding formation was laid 

down. The whole of the Jpper Cambrian is missing, and of 

the Ordovician only the Canadian is represented. 

Clearly the rocks were laid down in areas where sedi-

mentation kept pace with the downwarping over certain periods. 

Conditions however were mach less stable than in the SAo-

cambrian period, and positive movements often brought the 

areas above sea level; or after peneplanation, the horder-
land was not rejuvenated for some time and in the interval 

a stratigraphicel gap, or a condensed sequence was fomed. 
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CONC 

e may summarise the C* ledoniin of Greenland 

briefly as follows :- 

The i)recambrian crystalline rocks are overlain by a 

thick series of rapidly deposited sediments (the Eleonore 

Bay Formation of i;.Greenland, the Thule formation of N.W. 

Greenland) which give way to dolomites,in the upper parts 

of which are marine tillites: (the .,Je LPswald Formation aid 

the Tillite Canyon formation of Greonlend, (•Tic the Thule 

tiilites of the north-west.) The characteristics of these 

tillites, rfo.inety that their boulder material is derived from 

slight upwarping of the beds below - (dolomites in each case), 

-that they were laid down in water, - that two main phases 

May be distinguished, - that the beds above are also dolomitic, 

- all these characteristics are seen in the tillites of ale 

Sveanor Formation and the Tanafjord tillites, and to a. 

slightly less precise degree in the tillites of southern 

Norway, and 5cotland. The evidence convinces the writer 

that all these tillitec,  are the result of the same glacial 

epoch and that it is justifiable to use them as time markers 

to correlate the successions in the absence of fossils. 

The upper part of the leonore Bey Formation of Creen- 

land leade,- to the Cambrian, with dieconformity. This shows 

the same progressive change of lithology, from land. detritus 

to carbonate rocks as in the N.W. Highland3.and the Middle 

and Upper Cambrian similarly • re missing in 	Greenland. 



koulaen claima to aave mapped the elx lioloicaigroaps 

of the Lurness limestone as each, in this GreenlanL area. 

The fE.:A,a of the Lower ,.:arailDrien (page.;11) correspob 

very closely with those of the L.. -.i14;hlands (pa8e 	d. 

The CanaCiam fauhas of Greenlanc are even agile clbsely re- 

i6 to those of the i)uraess Limestone (page/10), ano to 

those of the Younger i:Aolomite Series of Bear Island (as* 1St). 

Extencive deposits of W. 	6ancistone cover the malh 

fo.i.c. belt, in which- as in all the other areas - no evidence 

oi -1;1e deposition of any rocks later than Lower Qrdovician 

can he seen. 

The maps which follow present some of these features 

of Correspondence between the rocks of Greenlano and those 

of the rest of the (:a.ledonides of the North Atlantic - Arctic 

province. 	They inCicate that a grea,. rIany as,)ects of the 

Caledonices ari.1 alore veadilii understood if drift of the 

Continents is admitted to be a possibility. 







• 

associated with dolomitc 



JaiJ camb-ri FAn 	ne 	n ro rr.lably 
Into fossi 11 ferous rocks 



p trong DevPisIpment of carbonate Rooks: 
in late Camb. to early Ordov. times 



CAMBRO-ORDOVICIAN FAUNAL PROVINCES 

• rdi 11 eran 
• Appal achi an 
o Eu ropean 



iq 

DATE OF MAIN FOLDING AND METAMORPHISM 

= 	b ;;:\•: 	;1 



,:~~:: 

~; 
~. 

s 



PART III 

'rim 	TIliFia ROCKS 



OUTCROPS OF 
TERTIARY ROCKS 

MllcS  
0 



258. 

Q 1.  

The areas in which Tertiary rocks crop out at the 

surface are indiced in the diagram opdosite; the rocks 

are conFlomerates, sandstones 8nd black shales. 	Fos5Lls 

are poorly preservedl  collections havin so f*:,r failed to 

indicate the p::e of the beds precisely. 

The deposits Ere extremely varicible, consisting of 

rapid. alternations of the sediments mentioned above)  a 

bed of any one rock-type rarely exceeding 1(:).1t. in thick- 

ness. 	Art from the developaient of a thick basal Caa-

glomenAel  there can be no scheme of stratigraphy relating 

the beds of *,lie various outcropsa 	successions have been 

measured, but the litltology Shows too much small - scale 

variation and no major divisions emerge. 



'Plat6 51. T:ytc.,1 eoaeital exnovlrc12 	TeAlare rocks. 

• 
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az.141.4414TAtiX 

The basal conglomerate of the series is seen on the 

north side of Selvagen, and in the area between eddeafjellet 

and icrokodilien (see map 	The actual unconformity is 

only exposed in one plce, at a height of 4i..vft, 1,270 yards 

west of .;leinhardpynten. 	boulders here reach 3ft. 6ins. in 

maximum dimension, consisting of 1are slabs of Aecia cook 

quartzites and schists, and a great deal of green slaty 

material obviously derived from the beds of the Larsen group 

in the immediate nei0lbournood. 	The sorting is extre.ely  

poor blocks of all sizes being piled together. 	'There are 

suceen intercalations of thin bands in which the broken aLaty 

matter is the sole component. 	These bands are bet,ween ift. 

and 3et. thick and are immediately followed by the reappear-

ance of huge blocks. The corners of some o these are fairly 

well rounded, but many retain the rectilinear shape prouuced 

by jointing. digher in the conglozerate, huge blocks become 

less common, and the matrix is mom sandy, with the elatey 

Larsen group material more fine-grained. The change is not 

a steady one, however, for upon it are superimposed Izilense 

variations in the coarseness of the conglomerate, 	the occur-

rence of bands with huge blocks persisting throughout. There 

is no sign of stratification apart from the occasional finer 

intercalationS. 
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Qn Geddesfjellet the basal coni;lomerate forme the 

dip siooe of the east face of the mountain. Towards the 

base of the seies the anconformity is scree covered) blocks 

as large as 4ft. cubes are seen, the blocks beine white, oinic. 

alki ere./ quartzites, schiats, 8Teenstones and alatts: the 

matrix is a. red or Crean grit. 	Again fine interca',1 ions 

(of sandstone-grade are common. 

The basal co.%glo:lerate shows very poor sorting. Sedi-
ment,otion must hav been extreely rapid and transportation 

was evidently over only a short distance in the case of the 

larger blocks, and almost LIR distance in the caseof the 

sintk material: the enormous size dr the blocks must in- 

dicate extremely violent transport. 	.:;adden intercalations 

of finer bands indicate that influx of coax as material waa 

sporadic, and. mast mean that the energy of the transporting 

agency was extreely variable,as a resul of instability 

either in the sousce area or in meteorological conditions. 

Violent outflows from a sporadically rising mountainous 

borderland may be inferred, the deposits being dropped tan 

bloc' in the flood-plain area where velocity was suddenly 

Checked. 	ithin the conglomerate there is evicaclee that 

the cairection of derivation WPC, from the west. 	x'ebbies 

are frequently piled 'en echelon at a small angle to the 

stratification -b.—Vile sketeli oposite 	4stit thIpoInt,—

Further, the thicknes of the conglomerate rapidly increases 
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to the west - being 20Jft. thick two-thirds of a mile west 

of ieinharddynten, AXft. thick one and a quarter 

further west - a change of 240ft. per mile (ace roil). 

The conglomerate at Geddes4ellet must be about 

so tnc direction in which the formation tdins most rapiely 

is roughly due east. The conglomerate in twat direction 

becomes much more fine-grained than in the west - pebbles 

are far more rounded and rarely reach over lft. tin. Fine 

gritty bands are more cowmoh but the whole deposit still 

Shows very poor sorting. 

Throughout the rest of the seriec there is no gradual 

lesrening in the frequehce of co omeretic bamis; instead 

there is radid variation in grade from conglomerate to Biala; 

with rarely any consistent zedimentation of one roc4-type 

over a lone; period, A typical pert of the succession rear 

-c7itiexinter, is ,as follows :- 

	

71n. 	silt. 

	

4ft. 	sandstone. 

	

lft. 9in. 	OD nElOMer:Ae 

	

3in. 	shale. 
7ft. 
4ft. - 	conglomerate. 
4ft. 	sandstone. 

	

5in. 	silty shale. 

	

lft. Gin. 	sandstone. 

	

41;1. 	shale aid 	shale. 
2ft. 	cowlomerute. 

21n. silt. 

	

04i. 7in. 	sandstone. 
lft. - 	silt. 

61n. sandstone. 
5in. silt. 

6ft. - 	sandstone. 

	

ft. 6in . 	congloer te 
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4in. shale. 
2ft. 	- 	conglomerate. 
3ft. 	- 	coarse conglomerate (with 6in.pebbles) 
2ft. 	- 	finer co4glomerate. 

61n. shale and silty sari6stone. 

This intrlcrite variation in £z'ade size could hard4Y 

be due to changes in distance from the shore line or in 

depth of water. 	It is clearly a result of o„)orai.Ac vari- 

atiOns in the power of tae transporting agent. 	it is hoped 

to showthat certain fentures in the roc:es themselves 1..-laicate 

that this variability is due to repeated saall positive move-

ments in the laad area to the west. 

;i.epresentatives of each of the rock. types from different 

parts of the island are indistinguishable. The congiolserstee 

vary tremendously in their coarseness, but are mostly quite 

fine-grained, pebbles averaging lin. or 2in. la diameter. 

Usually the corners are quite well smootned, Uut attrition 

ha rarely produced anything near a perfect ellipsoidal anci e, 

The matrix is usually light grey and gritty, bat oiten 

finer, blace, and carbonaceous. 

Specimen 952 from south of ueiva,en, near t;ile nut at 

ilenmore, has an average grain size of 1 mm, the weli rounded 

pebbles reaching nearly 20 rem. in diameter. The grains are 

Jenerally of quartz - greatly strained - but most of the 

larger pebbles are of fine-grained quartzite and decayed 

schist fragments. 
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izige 
slide l24, of a Aponglomerate from Buchananryggen, shows 

p bbles averaging 3 mm, but reachinE a maximum of 7 mu 

they Pale composed of fine to medium-grained qurt'.;ites, 

phyllites - (often puckered), and mylonites aac oveccia,..ed 

rocks similar to those of structural unit 4 of the ctntral 

range. 	lids 324, a conglomerate from tipeast 

end of Balfourfjellet, shews particularly bad sorting. 	he 

matrix is entirely siliceous, with a few tiny schorlite 

pebbles average 2 mm, tile grains in the matrix, about 	mm. 

.,xtre!.aely bad sorting, and lack of strati-

fication is again shewn in slide 76 (from the coast north of 
MoVitiedynten). The size of caliponents ranged from lb mm. 

to 0,5 mm, or less. 

The snndstones are all compact slabby grey or brown 

roc,c.El l  weathering brown. 	There are all grades of variation, 

to coaglomerates,'and to silty shalesI but slide 95(.) is an 

average example. Half the grains are of quartz, half of 

decnyed rock fragments - phyllites ano slates, extremely 

dirty looking in thin section : accessory schorlite la also 

present. The grains average 0,4 mm. anu are rarely larger 

but 

 

tire are numerous grains below that sixes rangin6 down 

to 	mm: all are very angular. 	Slide 639 

(fan close to the graben fault east of Barentsgjellet) snows 

Similar features - an averwe grain size of C4 mm; about 

304 of the rock being quartz grains arc 	OF decayed rDck 
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fragments, notably fine-grained limestones and green slates 

similar to those of the Barents gro,Ad. 	A coarse 

sandstone from uchananryggen hapwed the usual poor sorting, 

grains varying from 1.2 mm. to 	mm 	cf.4artz, 

of weathered micaceous rock fraguurnts. 6chorlite is an 

accessory. 

The shales are invariably 	 thouEn not notably 

carbonaceous. Blebs of bright coal, obviously of drifted 

T igin were seen in one locality on the coast one mile north-

west of ':,cVitiepynten, smalI lenses reaching 3 Cm.x 3cm.x 

0.5cm; and some rather carbonaceous shales were seen in other 

areas. 	2'ne shales are usually silty - slide ibLL from near 

henmore contains 60;ii, irregular quarts grains)  of an averae 

diameter of 0.1 MI16 or less. 	The rest oi e rock consists 

of stained and decayed micaceous rock fragments. 

1143 from isucitahLanryggen Ilse a fine-grain size)  but occasional 

fragments of 0.3 or 0.4mm. oc..:ur. 	2. oi the rock is clurta, 

the rest a fine clay material. 

The vnriable lithology of the Tertiary rocks suezests 

extreme instability. i*ere t forces which produced the 

graben and horst strucure of the Foreland and Foreland Souna 

already in operation? 

In the coastal orposures norL:., of McVitiepynten at 

several locaities, violent deforione are euen. A -0l$ 
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ball 3ft. across is shewn in plate At opoositoo ond the sitetch 

below it ilIustes numerous similar features appearinL in 

tOe same Oft, bed of shale. 	The undisturbed saadstores and 

conglomerates which overlie it demonstrate that the deform-

ation is contemporaneous with deposition. The second sketch 

is of a dierapted sandstone bed about 20ft. higher in the 

SUCCOSEAOR: . V.It fragments are surrounded by silt. 

Some deformation features seen have been produced by 

the sliding of slabs of sandstone over analits - others are 

apparently free slumping structores. 	the third 646L.0 

(diag. 41 ) and the accompaoying photographs, plates ,934 

anci 	) show an example dr intricate deformations in an 

af t. shale band, truncated by the uncisturbed eanGstone bind 

above. Obviously the top of the distorted shale was eroded 

before the sandstone bed was laid dowo. 

Plate 3t shows another common feature in these rucii4 - 

a band thins out in r short distance to nothings  with no dis-

tortion of the beds above. Shales and silts are sometioes 

lensed out by the sliding of slabs of sandstones Other cases 

represent sozall Uisconfor:uities. 	Occasionally ailgular cile- 

cortfornities of ao much as 170  are seen. 

Phenomena orecisely similar oa those described above may 

be seen in the coast sections near Reinhardpynten, 

Sketches (diagram 1-F( ) show a few examples. 

Each of the deformation features which nave been des- 

cribed 

 

shews by its attitude the direction of the movements' 
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which produced it: an indication of the eirection of slope 

of the sea floor* There is a wide variation in this dir-

ection, but it averages about 200  north of eact, and all 

readings have an eastward component. 

Conelusions. 

The basal colonerate becomes thinner :ihe lese coarse 

in an eatward direction. This fact and the alignleaset of 

pebbles, clearly demonstrate derivation from the west: the 

coarseness of the rock, its caeposition an tie 

rojAding nnd sorting, indicate a very Short distance of 

transport. 

The sediments throughout the series tell of extrene 

instability in the source area. Contemporaneous deform-

ation indicates periodic slumping and sliding under gravity 

towards the east. 

The conclusion id drawn that the graben and horst 

structure of the i'oreland had alreoey begun to. develop,'  

whether as a flexure, or by actual displaeement on a fault 

or faults. The Tertiary rocks probaly never extended far 

to the west of their presene oatcrop. IhouEh the Late of 

these sediments is not known exactly, they eo not corres-

pond to any of the succesions of the central syncline of 

4itsbargen. it seems clear that no correlation can be 

expected, and that these rocks may well belong to a separate 
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trough of deposition altoether. 	ishis is speculation, 

however, in the Ebsence of dat4 from the other side of the 

Forelan(; 3ound. 	It will be confirmed if there the rocks 

are found to be derived from the eaA, and plappine structures 

indicate reciprocal downward movement towards the Forelaiu6 
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P  A 1, S.  .4..4 	5: 	L 0 G,  

Jefinitt fossil remains were found in three localities 

only and then in a a ate of only poor preservation. 

The strip of 2ertiary rocks on Ssachsnanyggen, which 

separstes the thin fasIted wedge of Heels doek rocks from 

the main outcrop to the west, yielded a foraminifer in one 

of the thin sections of a. silty stale. This was identified 

as kSyclammina sp., unfortunately of no use in precise dating. 

This is the only slide which Sas snewn spy signs of the 

preservation of foramisifera, but protracted work might 

yield results, and this is perhaps the line of renearch rot 

likely to succeed in dating the rocks. 

The second locality is the 120Sfl. top of the hill at 
to7.t 

the et eud of sesshogda, where a small plant,was found, 

about 1mm, in diameter, preserved ac an impression in black 

Shale. 
sss;s. 

The chief locality is on thu north shore of zelvagen. 

Vague impressions of plant remains can be seen intermittently 

in the rocks of the shore and the sea cliffs from livinhard-

pynten westward to the paint where the basal oangloserate 

is reached. The - best preserved specisens were found at a 

point 2,160feet west of iieinhardpynten, that is some bOyards 

beyond the mouth of the stream which flows south-eastward 

into the haven from the end of Sesshogda. 



269. 

wards of the British Luseum (Natural iliat917). 

most kindly examined the plant material, but rAporLed .that 

almost all the remains are too fragmentary to allow precise • 

identifications. However among the dicotyledonous leaves 

JO represented Cerylls macquarrei, of a type found in other 

early Zertiary floras from Arctic regions. 	impressions of 

a loaf with a ra6iti. A.g -tructlre, and of part of a root, 

are perhaps remains of menbers of the Nymphiesae, but the 

evidence is not good enolvh to allow more than speculations. 

The cast of a small lamellibranch was found preserved 

in 'o lac shale half-way between the above locality and 

fieinnardpyntens this however was unidentifiable. 

The rocks havethus still to be precisely dated. 
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ST UCTUit  

The beds are 11t folded )  but gentle warping hao induced 

Variations in '' an0,4nt 	diL) between 300  and 60°  to Lae 

east. 	core violent disturbarices are seen in the n iw 

hood of fadts where the rocks are locally twis4eu into a 

vertical attitude. 

The major fault lines of the ::ertiary are indicated 

on the geological maps A to C)  and their atAtuce Dng. re-

lative displacements - where known - are indicated on the 

SetttlXle A2 to C12. In the far north)  the fault is single 

and vertical)  but it dips east at about 700, at the east of 

Balfourfellet4 its attitude cannot be discovered acain until 

Buchana:.lrygen is reached)  were three nearly vertical faults 

are eeea. Aere)  the effect of a faJlt throwing on to the 

west hui been to isolate a wedLe of decla Aoek rocks from the 

main outcrop.-- The Tertiary rocks are downfaultec on both 

aides of this wedge. 

Further south)  the fault system become more complex - 

Six major faults cutting across the riuge of 6esshogoal  north 

of Selvagen. Two of these dip to the east at little more 

than 60)  but the others are nearly vertical (section C6). 

aere again a wedge of liecla Hoek rocks lies -0,1ain the 

Tertiary  belt and several other such wedges would appear if 

erosion proceeded a little 1-  u- ther t  for not all the far,41t4 

throw down to the cast. 	,hic fact is interdreted)  as 
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resulting from variations in the amount of fall of each 

block within the graben system; that is )  the apparent 

reverse faults are not considered to result from compression )  

bit from differences int?...r relative downtnrow of various 

wedges. There is no reason to inter)ret the J.a'een system 

as anything but tensional. 

The tear fault of 3cotiadalen has alrea6y been discussed)  

and shewn to have a sinistral displacement )  probablZabout 

two and a half miles. 	Only one fault iF seen south of 

Selvagen, but the cowlex system ?resumably persists )  wore 

easterly faults being hidden below the raised beaches, or 

lying east of Dawespynten. 

Iiffeets of the Graben faulting on the Tetiaav roc. 

The effect of tertiary movements upon 

Hoek rooks)  has already been described in ChalAer 111)  

(p.rA ). 	It only remains to mention the effects within the 

Tertiary rocks themselves. The general dip towards the 

centre of the graben has alreacy been inentioned. In addition)  

in the far north the beds nre twisted into an almost vertical 

attitude)  parallel to the fault )  for at least 1.204t. from it. 

This large scale dragging effect does not per:31st )  however )  

for the beds east of Balfourfjellet,avainst the fault )  did 

at only 380;  and no similar phenomenon is :11et with further 

south - presumably becauee there the total doentnrow 

divided between several faults. 	 . . 
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