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Preface. 

ThiS paper tre ats of the property of the Norwegian eoal m in ing 
company ,  Kings Bay Kul Camp. A/S, which i s  situated at K ings 

Bay on the west coast o f  Spi tsbergen .  
The company was  incorporated i n  1 9 1 6, and  from 1 9 1 7  a lm ost 

con t inuous coal-min ig operat ions were carried on until the sum mer of  
1 929, when the mines were closed down. The workings were con
structed during a t ime of exceptiona l ly  h igh prices and were therefore 
very expensive.  In 1920 the company had spent its capital and loan 
resources, and i t  then appl ied to the Norwegian Government for support .  
As the Spitsbergen coal m ines were vital ly importan t  to N orway as a 
source of supply ,  the  Government granted advances on coal de liveries 
to the State. Also in  the fol lowing years such advances were given .  

To attend to the  inte rests of the State i n  the  coal-m ining industry 
of  Spi tsbergen the Government appointed two com mittees , the  Spits
bergen Co al  Com m ittee in  1 920 and a com mittee in  1 927 to report 
upon the quest ion of  crude oi l  production from Kings Bay coals. 
Further, the Govern ment  granted means for an  extensive and detailed 
geological examination of the coal field in  1 922 and 1 923 , and for deep 
dril l ing in  1 928. 

In 1 922 the Norwegian Government  was authorized by the Storting 
to make a closer examination of the coa l  fie ld ,  and  the  Department of  
Trade requested the o ffice of  the  Norwegian State-supported Spits
bergen expedit ion to draw up a p lan  for the work. This  plan was 
accepted by the Spitsbergen Coal Committee and the Department  o f 
Trade,  and the above-mentioned office was en trusted with th i s  work, 
which was executed in  1 922 and 1 923 by the author, who was also in 
charge of the dri l l i ng  operations in 1 928. 

For the geological description of t he  property area I have worked 
out two maps on the scale of l : 1 00000, surveyed to the scale of l : 50000 ; 
and for the coal fie ld two maps on the scale of l : 1 2500, surveyed to 
the sca le of l : 5000. On the one copy of these m aps, which is prin ted 
in colours, the geological observations from the surface have been inserted . 
H owever, as the su rface is to a great degree covered , so that the real 
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geological development of  the solid rock cannot be plain ly determined 
from the surface maps, I have also constructed maps on the same scale, 
in which a l l  the superficial deposits have been removed. The geological 
features have been inserted as I think they real ly are. I n  places where 
I consider the border lines, the outcrops of  coal  seams ,  faults ,  etc. , to 
be m ore or  less doubtful, I have used dotted lines .  For the construction 
of  these maps I have also had the benefit of  the resuIts of mining 
work, deep-drilling, and the pit sections .  For further explanation of  the 
m aps l have d rawn up section plates. These are meant to be of  a 
more schematic nature,  and thus they do  not claim to be absolutely 
correct, since I have lacked sufficient observations reIa ting to the depth 
of the layers .  U nder the glaciers I have dotted the proba ble course of 
border l ines ,  faults ,  etc. 

As commonly  used by Norges Svalbard- og Ishavs-undersøkelser 
the geographical names are written in Norwegian ,  excepting some names 
of  greater l ocalities. 

In preparing this paper I have, in addition to the earlier published 
papers, had the opportunity to use some former reports on the coal 
field. The most important of these were written by Herr Otto Wex, 
Bergassessor a .  D .  1 91 1 , Dr.  F. W. Voit 1 9 1 3 , and Mr. Adolf H oel ,  of  
the University o f  Os lo ,  1 92 1 .  

During m y  work at Kings Bay I have also obtained information 
from Mr. B. A .  Sherdah 1 ,  who was then manager of the mine. He has a lso 
measured a great part of the pit sections .  Further, Mr .  E. S låtto, then 
mining engineer at Kings Bay, has given me  useful information as  well 
as maps of the mines with necessary figures of  elevations in the sec
ti on lines. 

Sherdah l  has also been good enough to read through the chapter 
eoneern ing the h istory o f eoal min ing and  has ,  i n  addit ion , given me 
some of  the figures eoncerning the num ber of  hands em ployed and 
the inhabitants of  Ny-Ålesund .  The mining inspector of  Svalbard , 
Mr.  H .  Merckoll , has a lso kindly furnished me  with mining statisties 
for the period sinee 1 926 . I am also greatly indebted to Mr. Adolf  H oel , 
the leader of Norges Svalbard- and Ishavs-undersøkelser, who has 
given me  valuable he lp and useful  suggestions in the preparation of 
this paper. 

Oslo ,  May 30, 1 933. Anders K. Orvin. 
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Introductory. 

The surroundings of Kings Bay and the oeeurrenee of  eoal on  the 
south side of the fjord are mentioned at an early date i n  the h i story 
of Spitsbergen .  Thus,  eoal i s  mentioned as early as 1 6 1 0  by the 
Engl ish Whaler jonas Poole, who also deseribes the fjord and its environs 
for the  fi rst t ime.  [Purehas ( 1 6 1 0)] . The famous Seottish whaler and 
polar explorer W. Seoresby ( 1 820) mentions the oeeurrenee of  eoal 
and marble at Kings Bay, and he  also publishes a l ist of  minerals and  
rocks from th i s  traet. Poole named the fjord Deere Sound.  Later on 
severai d ifferent names were used, e .  g . ,  Kars Sond,  Engelsehe Bay, 
Koninks Bay, and others. The name Kings Bay was in trodueed by 
Seoresby in 1 820. 

I n  1 837 the Swedish zoologist, Professor Sven Loven , visited Kings 
Bay.  He has not  h imself written about this visit ,  but K .  Chydenius 
( 1 865) cites h i s  d iary notes from this expedition .  There is ,  however, 
very l i ttle of  geologieal in terest in  his aeeount .  In 1 86 1  Spitsbergen 
was visited by a great Swedish expedit ion headed by Otto Torel! .  Some 
of  the members o f  this expedit ion also worked at  Kings Bay. One 
of  the members, I .  W.  Kuylenstjerna ,  surveyed Blomstrandhamna ( Blom
strand Harbour) and Kolhamna (Coal Harbour) .  The geologist o f  the 
expedit ion C .  W. Blomstrand ( 1 864) ,  has g iven a good description of  h i s  
geologieal i nvestigations of  the distriet around Kings Bay .  He a l so  drew 
up  a geologiea1 sketch map of  the eastern part of  the eoal fie ld ,  on which 
he noticed a eoal seam that lay uneovered in five different plaees i n  
euttings made  by t he  brooks. Aeeord ing t o  t h i s  m ap i t  c an  not  be  
doubted t h a t  i t  is  the  Ester Seam which he ha s  observed i n  fron t  of  
Lovenbre N o. 1 .  

I n  1 892 a German expedit ion in  the S. S. Amely visited Kings 
Bay. One of the members, Leo Cremer, who was the min ing expert 
of the expedit ion ,  searehed in  vain for the eoal seams found by B10m
strand (Zeppel in 1 892) . 

I n  1 892 the Swedish professor Axel  H amberg ( 1 894) went to 
Spitsbergen on  board a Norwegian sealer .  He worked on the south 
side o f  the fj ord and made a sketeh-map of  the lower parts of  the 
Loven Glaciers ,  whieh were named by h im .  The chief objeet o f  his 
vis i t  was to make observations on the glaeiers. 
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S i r  Mart in Conway and  E .  j .  Garwood v is ited Kings Bay  in  t h e  
summer  of 1 897 . They made a sketch-map of t he  central part o f  
Spitsbergen inc lud ing also Kings Bay and studied t h e  glaciers on a 
s ledge excursion in land . 

The fi rst topograph ic map of  the Kings Bay region was surveyed 
in  1 906 and 1 907 by the expeditions sent out and financed by the  
Prince of  Monaco. These expedit ions were led by Gunnar  I sachsen , 
who  mapped Brøggerhalvøya and surroundings in  1 907 . Arve Staxrud 
and Alfred Koller took part in  the mapping north of  Kings Bay. The  
map was printed on the  scale of l : 1 00 000 . 

Adolf  H oel took part in the  expedit ion of  1 907 as geologist and 
worked partly at K ings Bay .  A topographical descript ion was written 
by Isachsen and H oe l  ( 1 9 1 3) .  In this pa per the authors deal with the  
topographical  condit ions on Brøggerha lvøya and i t s  surroundings very 
closely, and, further, they give a detai led description of the  glaciers and 
their movements .  H oel ( 1 9 1 3) has a lso publ ished a geological paper 
o f  the d ifferent formations around the fj ord ,  in  wh ich , besides giving 
the new observations ,  h e  summarizes what  was previously known. H is  
geological observat ions relate to  the  Quaternary in  particular .  

In 1 909 and 1 9 1 0  Kings Bay was again vis i ted by the expedit ions 
of  I sachsen .  Both these expedit ions had the financia l  support o f  the 
Norwegian State . The hydrographers o f  these expedit ions, A .  H ermansen 
and j .  Pettersen-Hansen (jørgen), surveyed Ki ngs Bay on the scale of 
l : 200 000. Olaf  H oltedah l ,  of the  un iversity of Oslo ,  and H oel were 
geological  mem bers of these expeditions .  H oltedah l ,  i n  particular ,  worked 
in the Kings Bay region . 

I n  1 9 1 0  the German Arctic Zeppel i n  expedit ion a lso vis i ted Kings 
Bay and made a deta i led survey of Zeppe l i nhamna .  

I n  1 9 1 1 an expedit ion conducted by H oel and Staxrud worked in  Spits
bergen . Also this expedit ion had the support of the Norwegian State . H olte
dahl took part a lso in  th is  exped it ion , and geological work was done on a 
sledge j ourney from the  i n ter ior o f  K ings Bay and on  Brøggerhalvøya . 

On the exped it ions in  1 909 and 1 9 1 0  Ho l tedahl  made a detai led 
examination of  the U pper and Middle Carboniferous strata , in  which 
he  estab l ished the  presence of  a Middle Carbon i ferous div is ion belonging 
to the Russian Moscovian .  In a pa per publ ished in  1 9 1 1 he gives a 
detai led paleontological description of  the  rich fauna found  in  th is  
divis ion . In  1 9 1 1 h e  cont inued the  work at Kings Bay,  and in  a pa per 
publ ished the following year he dea ls  amongst other  local i t ies a lso wi th 
the  Kings Bay region inc lud ing a lso Brøggerhalvøya. I n  th is paper he  
has given a geological description  of the format ions found at  Kings 
Bay and has i n cluded the first geological map of Brøggerh alvøya on 
the sca le  of  l :  1 00 000. Another geologi ca I map on the sca le o f  l :  200 000 
shows the geological condit ions from Kings Bay to the I ce  Fjord .  
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H oltedahl  (1912) observed the H ecla Hoek rocks resting upon 
younger forrnations ,  and pointed out the thrust plane forming the border 
between the H ecla H oek rocks and the younger rocks from Forland
sundet eastwards. At that t ime there was no coal m ining at Kings Bay 
and a detailed examination of  the Tertiary field was therefore not made .  

From 1 906 Kings Bay was visited year ly by expedi t ions sent out 
by companies in terested in  the examination or working of the coal field .  
Of  the scient ific work done in the first years of  this period we shal l  
ment ion the examination of the coal  field in  1 9 1 1 by the German 
min  ing d irector, Otto Wex, the topographical mapping of  the coal field 
in 1 9 1 3  by Mr .  Karl Bay on a scale of  1 : 1 0 000, and the geo logical  
examinat ion by the German geologist ,  Dr .  F .  W. Voit i n  the same 
year .  In 1 914 Adolf H oel made a prel iminary examination and geo
logical mapping of the coal fiel d .  As h i s  basis he used the map surveyed 
in  1913 by Bay.  In 1 9 1 5  the Russian min ing engineer Maliavkin also 
examined the eoal deposits. 

Since coal min ing began some of the Norwegian State-supported 
expedit ions under the leadersh ip of  H oel did various work and paid 
short visits to Kings Bay in d ifferent years .  

In 1 92 1  the  Kings Bay Kul Camp. AlS requested the N orwegian  
State - supported Spitsbergen expedit ions under the leadership  o f  H oel  
to map the eoal  fie ld on the sea le of l : 1 000. The m apping was exe
euted in  the autum n  by Alfred Kol ler and Wilhelm Solhei m .  The 
stereophotogrammetrie method was used, and the m apped area was 
1 1  sq .  ki lometres. 

As al ready ment ioned ,  the Government  made gran ts for the geologieal 
examination of  the coal field and its surroundings in 1 922 and 1 923. 

I n  1 922 the western part of Brøggerhalvøya and the coal field 
were mapped .  As the topographical basis for the m apping of the penin
sula I used the map surveyed in  1 906 and 1 907 . For the eoal field 
I used the map surveyed by Mr. Karl Bay in 1 9 1 3 . The results were 
presented to the Department of  Trade i n  a report of March 1923. 

The topographical basis used for the geological m apping of the  
coa l  field in  1922 was not so detai led that a l l  geological observations 
could be inc luded.  In 1 923 I therefore made an exact  geological mapping 
of  the coa l  fiel d  on the scale of  1 : 5000. As my  bas is  I used a photo
graphic reduction of the map drawn to the scale of 1 : 1 000 on the 
N orwegian State-supported Spitsbergen expedit ion in  1 92 1 . A new 
report was presented to the Department of  Trade in May 1 924. 

On H oel 's expedit ion 1 923 the waters su rrounding the harbour at 
N y-Ålesund were sounded by A .  Hermansen and L .  H agerup, and the 
expedition put up a beacon on Branda lspynten . 

I n  1 924 Hoel ' s  expedition surveyed the danger l ine from K vade
huken southwards and Kings Bay ins ide Lovenøyane  and between Kap 
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Guissez and Blom strandhalvøya. H ydrographers were : R .  von Krogh , 
A .  Hermansen and K .  Thorkelsen. 

H oel paid short visits to Kings Bay in the years 1 922 to 1 925 
for geological purposes. I n  1 925 the author ,  too, measured some sections 
in  the mines .  

As we have heard ,  the Government granted funds for deep dri l l ing 
in  1 928 with a view to finding out m ore about the value and the 
potential i t ies of the coal field . The dr i l l ing was planned and executed by 
Norges Svalbard- og Ishavs-undersøkelser. who h i red two machines 
from Norsk Diamantborings AlS . As  leader of  th is  work I had again 
the opportun it y to check the geological maps,  and also to proceed with 
the  geological mapping of  the Hecla H oek on the property area o f  
t he  company. Tha t  summer t he  topographers B .  Luncke and W. Sol 
he im from Norges Svalbard- og Ishavs-undersøkelser made corrections 
and addi t ions to the maps around Kings Bay. 

Also an  I ta l ian expedit ion sent out by the I ta l ian N avy in  1 928 in 
connect ion with the expedit ion o f  Umberto N obile d id scient ific work 
at Kings Bay, including detai led soundings along the shore at Ny
Ålesund and on the north side of  the fjord , and  also made an accurate 
determinat ion of  latitude and longitude ,  and gravity determ inat ions on 
Blomstrandhalvøya. 

In addit ion to the above-mentioned scientific  exploration , the coal 
company has done considerable exploration work on the coal field , under 
the leadersh ip of  Sherdahl .  As I am deal ing with the h istory of coal 
min ing in  a special chapter I shal l  on ly summarize a few facts here. 

The fi rst c la im was staked in 1 90 1 , and in the fol lowing eighteen 
years Kings Bay was visited by a series o f  expedit ions, which partly 
undertook exploring work on the coal field . The resuIts are avai lable 
on ly as geological and tech nical reports. Kings Bay Kul Camp. AlS was 
constituted in the autumn o f  1 9 1 6 , and  later on cont inuous working 
of the coal seams  was carried on until the summer of 1 929, when the 
mines were closed down.  

Geography. 

Situation. 

The area belonging to Kings Bay Kul Camp. AlS is situated around 
Kings Bay in  the northwestern part of  Spitsbergen in  about 79 ° N. Lat .  
and 12 o Long. E. of Gr. ,  and is thus the northernmost coal fi eld ever 
worked on a technical and economic basis .  

The exact descript ion of  the border l ine i n : Report of  the Svalbard 
Commissioner con cern ing Cla ims  to Land in Svalbard (Svalbard Com
missioner ( 1 927)) runs as  fol lows : "The area i s  l imited by the following 
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boundary l ines : From point  No .  1 95 at the north coast o f  Kongsfj orden ,  
about  2 kilometres northwest of  Tønsneset, lat itude 79� O I '  25 " longitude 
1 1 0  55'  40 ", a straight l ine to point N o. 1 96, the sum mit o f  Olssønfje l let ,  
9 1 2  metres above sea-Ievel ,  lat itude 79 ° 03 ' 35" longitude 1 2 ° Ol' 20". 
Thence a stra ight l ine across Blomstrandbreen to point No .  1 97 ,  the summit  
of  Skreifjel let , 1 ,030 metres above sea-Ievel ,  l atitude 79 ° 02'  25" longi tude 
1 2 °  20' 40 " .  Thence a straight l ine to point  1 98,  a summit  822 m etres 
above sea-Ievel ,  latitude 79 ° Ol' 45 " longitude 1 2 ° 27' 40 " .  Thence a 
straight l ine  to point No .  1 99 on the sum mi t  of the westernmost o f  
Stemmeknausane ,  368 metres above sea-Ievel ,  lat itude 78  o 58 ' 35 " 
l ongitude 1 2 °  39' 20 ". Thence a straight l ine across Kongsbreen to 
point No. 200 on Colletthøgda ,  latitude 78 ° 53' 55 " longitude 1 2 °  37 ' 40" 
Thence a straight l ine across Kongsvegen to point No .  20 1 ,  the summit 
o f  N ielsen fje l let ,  844 metres above sea-Ievel ,  l a ti tude 78 o 5 1 ' 55"  l ongi
tude 12° 2 1 '  40". Thence a straight l ine  to point No. 202 on a summit 
o f  Bogegga , 894 metres above sea-level, lat itude 78 ° 50' 50" longitude 
1 2 ° 1 3' 20. Thence a straight l ine to point No. 203 at the north coast 
o f  Engelskbukta, at its inner end, lat itude 78 ° 50' 00 " longitude 1 2 ° 55' 20" .  
Thence the boundary fol lows the coast-I ine o f  Engelskbukta and For
l andsundet, v ia  Kvadehuken,  around Brøggerhalvøya , further the coast
l ine of  the east and north side of Kongsfjorden to point  N o. 33 a t  the 
left l ateral moraine of  Blomstrandbreen ,  lat itude 780 59 ' 50" longitude 
1 2 °  1 7 ' 40". Thence a stra ight l ine to point  No. 32 at  the coast o f  the 
southeastern shore of Blomstrandhamna ,  lat itude 78 ° 59' 35 " longitude 
1 2° 07 ' 20 " .  Thence the boundary fol lows the coast- I ine  around the 
bottom of Blomstrandhamna ,  then past Tønsneset back to the starting 
point No. 1 95 .  (Points Nos. 33 and 32 are also boundary points o f  the 
area No. 2 of the Northern Exploration Co. Ltd.). To the area also 
belong Prins Heinrichs øy and the islets a I i tt le to the east o f  i t .  Area 
( including Prins He inrichs  øy and the islets east of  i t) : 1 1 4 . 1 sq .  mi les 
or 73 000 acres or  295 sq .  ki lometres". 

As will be seen from th is description and the geological map ,  
Blomstrandhalvøya and Lovenøyane do not belong to the  company.  
These areas were the property o f  the Northern Exploration Co . Ltd . ,  
London,  and now belong to the Norwegian State. 

The coal field and the m ining camp of  Ny-Ålesund ,  are situated 
on the south side of  the fj ord i n  the m iddle part of  the northeastern 
coast o f  Brøggerhalvøya. . 

The distance from Ny-Ålesund to Tromsø in N orthern Norway i s  
about 590 nautical miles ,  or  about two and a ha lf  days' voyage by col l ier .  
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Climate. 

Continuous meteorologieal observat ions have not been made at Kings 
Bay, and thus we do not know the monthly and weekly average tempera
tures. H owever, sueh observa tions are avai lable from Green Harbour, 
Iy ing in 78 ° 2 ' N .  Lat .  and 1 4 °  1 4 ' Long E .  of Gr. , s inee 1 9 1 2 . The 
temperatures at  Kings Bay d iffer but l i tt le from those at  Green Har
bour. The mean temperature at Green Harbour from 1 9 1 2  to 1 926 
is ealeulated by the Meteorologieal I n stitute of Oslo .  

Mean tem peratures from 1 9 1 2  t i 1 l  1 926 i n  Co. 

Month 

january . . . . . . . . . . . . . . . . . .  . 
February . . . . . . . . . . . . . . . . .  . 
Mareh . . . . . . . . . . . . . . . . . . . .  . 
Apri l  . . . . . . . . . . . . . . . . . . . . .  . 
May . . . . . . . . . . . . . . . . . . . . .  . 
lune  . . . . . . . . . . . . . . . . . . . . .  . 
j uly  . . . . . . . . . . . . . . . . . . . . . .  . 
August . . . . . . . . . . . . . . . . . . . . 
September . . . . . . . . . . . . . . . .  . 
Oetober . . . . . . . . . . . . . . . . . .  . 

Degrees 

-1 6. 1 
- 1 9. 1 
- 1 8.5 
- 1 3 .5  

4 .8  
2 .0  
5 .4  
4 .6  
0 . 1 
5 .8  

November . . . . . . . . . . . . . . . . .  - 1 1 .8 
Deeember . . . . . . . . . . . . . . . . . - 1 4.3 

Year ly average . . . .  - 7.6 

This tab le  shows that  the mean temperature of  Green H arbour is  
- 7.6 degrees Celcius .  Probably the temperature at  Kings Bay is  some
what lower, perhaps about - 8 °. The snow lies from the m iddle of  
September to the middle ofjune wi th some  variation in  the d ifferent years .  
The precipitation i s  unknown , but ,  as in  other plaees in  Spitsbergen , 
i t  i s  not  very h igh . 

The fjord usual ly freezes up in  the  latter ha lf  of  Oetober. The 
iee ,  which may break up severaI t imes in  the winter, fina l ly  d isappears 
in  the m onth of  l une .  Sh ipping may eommenee in  the middle of  l une 
and be earried on t i l l  the middle of  October, about four months .  

The drift-ice hampers sh ipping but rare ly .  Some years the drift
iee ,  whieh float  northward a long the coast of Spitsbergen ,  may  extend 
as far as  Kings Bay,  but usual ly the iee i s  melted in  the warm 
braneh of  the Gulf Stream flowing along th is coast .  The iee north of 
Spitsbergen i s  brought to the west towards Greenland with the current ,  
and does not dr ift southwards a long the coast of Spitsbergen .  l ee from 
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the glaciers i n  the interior o f  the fjord floats out to the sea th rough
out the summer, but never in  such great quan tit ies as to impede 
sh ipping. 

At Kings Bay there i s  m idnight sun from April 1 7  to August 27, 
and a season of  obscuration  from October 23 to February 1 9. 

Topography. 

From the map i t  wil l  be seen that the area belonging to the company 
in  respect of the topography i s  not  a connected whole .  The great 

Fig. 1 .  K ings Bay eoal fie ld seen from Gerdøya.  
To the left Sherdah l fjel let, in the midd le  Zeppe l in fjellet, lo  the right  Schetel igfjellet .  

L. J. Orvin phot .  6/S 1 922. 

glaciers debouching i n to the interior of the fjord d ivide the area 
in to severaI detached parts. The most prominent of these is Brøgger
halvøya including the coa l fie ld .  I t  is also the on ly part containing 
geological form ations younger than H ecla H oek. On the east and north 
sides of  the fj ord there are three d ifferent areas, namely, the surroundings 
of  Ossian Sarsfj el let ,  Feiringfje l le t  with adj acent land ,  and the mounta ins 
west  of Blomstrandbreen . 

The total area is 295 sq . k i lometres, of wh ich 1 24 sq. ki lometres or  
42 per  cent .  i s  covered w i th  ice. 

Brøggerhalvøya is a wild and ragged alpine land with many glaciers 
Iying in  cirques, divided by narrow crests  and ragged peaks up to 
900 metres h igh, wh ich may be quite inaccessible .  The watershed is 
well defined and runs in a zigzag l ine .  The glaciers do not  reach the 
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sea. The ir  terminal  fronts a re s ituated at the inner edge of the great 
plain of m arine denudation ,  which borders the peninsula .  This p la in ,  
which for the greater part  is  covered by terraces made up of  marine 
gravel and clay ,  is  from one to two ki lometres broad; at  Kvade
huken the width extends up to five ki lometres. 

The area o f  the peninsula is  about 1 80 sq .  k i lometres, of which one
fourth , or 46 sq .  ki lometres, is  covered by glaciers. More than 50 sq. 
ki lometres are covered by marine cia y and gravel and r iver deposits .  
Of  the remaining 70 sq .  ki lometres the greater part i s  covered by ta lus ,  
d ebris ,  and earth s l ided by sol ifluction .  Thus only on a smal ler part 
the sol id rock can be  seen on the surface . 

Of  the whole property area,  about 1 04 sq .  ki lometres o r  35 per cent. 
i s  lying below the lOa-meter l evel, 1 68 sq .  ki lometres or  57 per cent. 
between 1 00 and 500 metres above sea-Ievel , and 23 sq .  ki lometres or 
a bout 8 per cent . ,  above 500 metres. 

On Brøggerhalvøya ,  7 1  sq .  k i lometres or  39.5 per cent .  is ly ing 
below 1 00 metres, 97 sq .  ki lometres or  54 per cent . between 1 00 and 
500 metres ,  and 1 2  sq .  k i lometres or  6 .5  per cent. a boye 500 metres. 

The area between Kongsvegen and Kongsbreen , which is occupied 
by Ossian Sarsfje l let ,  i s  o f  a somewhat d ifferent shape.  The mounta in  
i s  made up of  rocks belonging to the H ecla H oek system ,  m ica schists, 
quartzites, and l imestones,  which h ave been scoured and striated by 
the ice from the east, and thus has more rounded forms.  The greatest 
elevation is here only 364 metres above sea-leve! . At the base of 
Ossian Sarsfje l let  there is  no  coastal plai n .  

Between Kongsbreen and Blom strandbreen there i s  a steep mounta in ,  
which reaches the he ight of  1 070 metres in  the summit  of  Feiringfj e l let .  
This mounta in , as wel l  as the sharp crest of Skreifje l le t  farther west, i s  
bui l t  up by quartzite and m ica schis t .  The steep s lopes are covered 
with rocks and debris .  In the l ower part of the slope on the south 
side of  Feiringfje l let  are a l arge num ber of  gran i te blocks , which m ust 
have been brought th i ther by Kongsbreen ,  once when this g lac ier was 
th icker and had a far more advanced situation than at present .  The 
coastal p la in is  here narrow and covered with great blocks of  rock 
down to the shore .  

To the west of Blomstrandbreen ,  the northern part of Olssønfjel let  
and Nordvågfje l let, a name I have attached to the isolated mountain 
above Nordvågen i n  Blomstrandhamna ,  are made up of  the same 
l imestones as are found in  Blomstrand halvøya,  where attem pts h ave 
been made to quarry them for bui ld ing purposes. 

On this northwestern part the coastal plain i s  up  to one ki lo
metre broad . 

We wi l l  now look a l i tt le doser at the conditions in the Tertiary 
a rea .  This area, conta in ing the coal seams ,  is o f  a very l im i ted extent .  
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I t  i s  situated on the low-Iying ground between Schetel igfjel let to the 
west ,  Kings Bay to the north west ,  Brøggerbreen and Zeppel infje l let to 
the  south and sou thwest, and to the east i t  wedges out somewhere 
under Lovenbre No .  2 close to the north of  Sherdah lfjel let .  This  
mountain was origina l ly named Kolfje l let  by Blomstrand.  As,  however, 
th is name is  used for a mounta in at Bel l  Sound, I have named the 
m ountain after Sherdah l ,  who was manager of  the mine from 1 9 1 7  to 1 929. 

The southern part of the !leId is covered by Brøggerbreen, and 
thus the width can not be exactly establ ished here .  The Tertiary !leId  

Fig. 2 .  Salix polaris on the pla in at Ny-Ålesund.  
A .  K .  Orvi n phot. 2618 1922. 

does not reach the sea anywhere. The shore area is made up of Upper 
Carboniferous rocks. 

The total length of th e coal !leId  is  between six and seven ki lo
metres ; the width var ies considerably .  Easternmost i t  wedges out ,  in  the 
central parts i t  is  from 400 to 700 metres, and at Brøggerbreen the greatest 
width i s  thought to be between 1 000 and 1 1 00 metres. The tota l area 
is  about 4.5 sq. ki lometres. 

The surface of  the sol id rock on and around the coal !leId belongs 
to the old strandflat and rises fa ir ly smooth from the shore up to the 
base of  the mountains .  H owever, south of  Kolhamna the cyathophyl lum 
l imestone . forms a r idge along the shore .  Only the hard er  rocks are 
cropping out here and there .  The greater part  i s  covered by loose 
m aterial composed of  marine terraces of  clay and gravel , part ly o ld 

2 
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moraines, washed out  by the sea during a period with a more elevated 
sea-I evel, part ly r iver  gravel and fl uv iogl acial sand, beach sand and recen t  
mora ines, talus and earth sl ided by sol ifluction at the base o f  the  
mountain, as  wel1 as  gravel and fragments of the outcropping bed  rock. 
At points where the latter condit ion prevails one may draw a conclusion 
as  to the bedrock ; where, however, the ground, is  covered by gravel 
and other material transported from other places, i t  i s  qu i te impossib le  
to draw such a conclus ion . 

Within great a reas of the coal ReId one wi l 1  thus have to conclude 
from observations made in  brook cutt i ngs, pi ts, and borehoIes .  From 
the geological  map wi l) be seen to what extent  the coal Re Id is  covered .  

The greater par t  of the area is  occupied by Quaternary terraces ,  
which are R rm and dry and partly as smooth as a carpet .  Arriving 
a t  N y-Ålesund one might a lmost think that  the ground had been level led 
and Rl led up with shi ngle and graveL 

Great areas are also covered with m ora ines partly I ying far ahead 
of  the present glac ier fronts. These are rem nants of older l ateral and 
terminal mora ines from Brøggerbreen, once when th is glacier was far 
more advanced than a t  presen t .  The  depression  between the present 
terminal  front  and the ridge at the outlet of Bayelva, as  wel l  a s  the 
depression of  Tvil l ingvatnet, have been worked out by e rosion of  the 
glacier. The fact that  these moraines are composed of rocks from al l  
the preva i l ing formations renders the mapping rather d i fficult of exe
cut ion .  Thus I have found rocks belonging to the H ecla H oek system 
far up the slope of  Zeppel infj el 1et ,  where they have been laid up by 
the ancient l a teral moraines .  As a l l  these old moraines have l ater 
on been washed out partly by the sea and partly by fl owing water, 
it is now d i fficult to Rx  the ir  extent .  I n  some places the mora ine 
ridges may conta in  practica l ly only one kind  of  rock. Such a moraine 
r idge east of  Tvi l l ingvatnet thus conta ins  ma in ly  sandstone  from the 
lower part o f  the Tertiary strata, and on my  R rst vis i t  I real ly be
l ieved that  the sandstone was to be found in  sol id rock here .  Later 
on I came to the resul t  that the  whole sandstone r idge i s  si tuated on 
Permo-Carbon i ferous chert. On c loser examinat ion I a lso found rocks 
from the Devonian and H ecl a H oek layers in  the mora ine  ridge, and 
I also observed chert in sol id rock in  some places around it .  

That rem nants of  old moraines are now found on the top of  the 
small h i l ls  can only be explained by these mora ines being older than 
the last submersion of  the land .  The lower part of  the moraines has 
then been washed out, and the material has  been deposited as marine 
terraees.  



GEOLOG Y  OF T H E  KI N G S  B A Y  R E G I O N , SPITS B E R G E N  1 7  

Mountains. 

Only the northwestern ha l f  of Brøggerhalvøya is made up of rocks 
younger than Hecla H oek. The mountains here consist quite exclusively 
o f  upper Carbon iferous l imestone and chert, whereas the older rocks 
on ly here and there crop out in the crests. A more or less horizontal 
posit ion of  the layers is  seen only in  Scheteligfjel let, the  height o f  which 
is 7 1 7  metres, and the northwestern part  of Kiærfje l let  which reaches 
to 589 metres above sea-leve! . Accordingly, plate au or  mesa type is 
found only in  these two mountains .  But also here the erosion has 
proceeded so far that  the upper plateau-formed parts are o f  very l imited 
extent . I n  the northern part of Schetel igfj ellet, facing the fjord , is a 
great plateau Iying 200-250 metres above sea-leve! .  Th is  must evidently 
h ave be en forrned by marine denudation during an  old period ,  when  
the  sea-leve! was  relatively much higher than  at  present. Towards the 
sea and the co�stal plain it is bordered by a steep c l iff, which must 
certa in ly have been forrned by the sea in  the same way as the present 
c l iff around the coast. 

Farther to the south east the younger st ra ta have been folded,  so 
we find al l  inclinations, vertical and overtilted attitudes of  the layers,  
and accordingly the mountains here are of  another type. In Brøgger
fje l let , the highest peak of  which is  7 1 4  metres, and in Zeppel infjel let ,  
reaching 548 metres above sea-Ievel ,  the  upper crests and peaks are 
a lmost inaccessible, as the alternating harder and softer layers have 
given them quite a serrated appearance . 

All the other mountains farther to the southeast of the peninsula 
are made up of  phyllites, mica schists, and quartzites .  These mountains 
form sharp crests and peaks between the glacial cirques,  and i t  is  very 
difficult and fatiguing to walk on the barren ground here. The crests are,  
without exaggeration , so narrow that in  many places one may sit down 
with one leg on either side of  them.  During my trips here I was 
severai times compelled to turn back because I could not proceed any 
farther. Everywhere the mountain slopes are covered with talus and 
al luvial  cones creeping downhi l l ,  and the  lower par t  o f  the slope facing 
the coastal p la in also with earth slides. 

Glaciers. 

The gla eiers at Kings Bay may be divided into three d ifferent types: 
The great glaciers coming from extended ice areas in the interior of  
the l and and debouching in to the sea  wi th  high terminal fronts or 
glaeier walls , and  the smal l  cirque glaciers, and val ley glaciers of alpine 
typus, having such small  a reas of  precipitation that they do not reach 
the sea, but are lying with their terminal  front  on land .  



1 8  A N D E R S  K .  ORVIN 

Belonging to the fi rst type are Kongsvegen,  Kongsbreen, and Blom
strandbreen .  These glaciers are a l l  flowing from great ice areas, 
but only the lower parts are situated with in the property of  the 
company. They are flowing with a relat ively great  velocity down to 
the sea ,  and carry down great suppl ies of  ice and mora ine m ateria l .  
Throughout the summer the ca lv ing of  the glaciers may be heard, and 
the inner part  of the fjord is  never free from this glacie r-ice . These 
glaciers are in  their lower part h ighly crevassed and a lm ost impassable .  

When Loven visited Kings Bay in  1 837 there was about  1 000 feet  
o f  water between a m oraine i s le t  and the front  of  Kongsbreen .  During 
the visit o f  NordenskiOld in 1 86 1  and the  visit of Conway in  1 897 the 
glacier front stretched a lm ost righ t round this is le t .  The glac ier had 
thus advanced about  350 metres. At present the i s l e t  is  again situated 
far from the glacier-fron t. 

To the other types belong a l l  the  glaciers on Brøggerhalvøya . 
They are smal l  glaciers, nearly a l l  o f  which have the ir  source in  
ci rques or  corries between the narrow crests. Because of  the smal l  
area o f  precipitation, they receive a very l imi ted supply of  snow, 
and for this reason they are m oving very slowly .  The greater part 
o f  the melt ing evidently takes place on the glacier surface, but this 
process m ust take place also in  the bottom part o f  the ice sheet. 
This I could observe in  the summers of  1 922 and 1 923 a t  an  ice cave 
in  the front of  Brøggerbreen .  This ice cave was in  1 922 high and 
regular (fig. 3) .  In 1 923 i t  had sunk down to form an i rregular  hole 
in  the term ina l  front .  One  could recognise the d ifferen t ice-bands in  
the s ides of the cave, but in  1 923 they were th inned out owing to 
melt ing and flowing of the ice towards the  cavern . 

In  warm sum mers the melt ing i s  so strong, that  the new snow 
and part of  the ice wi l l  dissappear, a lso, in  the neve basin of  the 
glacier .  The result is  that the glac ier d im inishes . .  This has to a great 
extent been the case in  recent years. These small glaciers d id not, 
however, vary in  length from 1 922 to 1 928, but  they d im inished in  
th ickness, so that the ridges of surface moraines seemed relat ively far 
greater, and  the terminal  fronts, wh ich in 1 922 were steep and in
accessible, were in  1 928 rounded with a slope which could be c l imbed 
a lmost anywhere .  

I n  front  o f  most o f  these glaciers there is very l i tt le mora in ic  
material , because the smal l  amount  of  material brought down by the 
glaciers has gradual ly been washed away by the  glacier  brooks and 
la id up into large al luvia l  cones and gravel pla ins .  

I sachsen and H oel ( 1 9 1 3 ) bel ieve that  Lovenbreane have advanced 
severaI hundred metres from 1 86 1  to 1 907. I do not  bel ieve, how
ever, that  it is possible to specify any figure as to th is  presumed 
advance, as  the old statements, including the map of Ham berg, a re too 
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Fig. 3. l ee  eav e  in  the termina l  front  of Austre Brøgg e rbre. 
A. K. Orvin phot. 27/8 1922. 

F ig. 4. The same iee eave a year later. 
A. K .  Orv in  pho!. 27 /7 1923. 
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sketehy to be used as a basis for sueh a ealculation . The on ly glacier 
for whieh the statements are l ikely to be of any aeeuraey is  Loven bre 
No .  I, in fron t  of wh ieh Blomstrand i n  1 86 1  has  la id  i n  the  outerop 
of  a eoal seam on the sketeh map. This eoal seam ,  however, is  evidently 
Iying at about the same d istanee from the termina l  front now as a t  that 
t ime,  and my  opinion i s  that i t  is  qui te impossible to determine  any 
movement i n  e i ther  th is  or  tha t  d ireetion .  

Valleys and Rivers. 

From the map it wi l l  be seen that  with in  the property area there 
is a great num ber of  val leys of vary ing  size and shape ,  but  a lmost 
a l l  of them a re fil led with glaciers. Without exeeption they are al l glacial
carved ,  U-shaped val leys and some of  them are typieal trough val leys .  
The val leys lead in  a l l  d i reetions; we find longitudinal  as wel l  as trans
verse val leys. The trend of the val leys has ehiefly be en i n fluenced by 
the origina l  inc l inat ion of the l and-surfaee forrned during the period 
when the whole land was covered with ice; the  glaciers having chosen 
the shortest eourse towards the sea along the dip of this surface .  

On the western part of Brøggerfjel let and Kiærfj el let three  of these 
glacier-earved val leys are now found to be without glaciers or on ly 
wi th  smal l  remnants of  the  glaciers a t  the  head of  the va l leys .  These 
val leys are typieal ly trough shaped with steep sides .  Moraines wi l l  
usua l ly  sti l l  be found a t  the ir  outlets. The val ley ly ing north west of  
Brøggertinden , named by m e  Traugdalen , is  a very fine  type of a 
trough val ley.  The outlet of the va l ley- bottom,  now oeeupied by a lake 
i s  l im ited by a rock bar .  

The rivers are general ly  smal l ,  and only during the spring flood 
i s  the flow of water of  any im portance . Str ic t ly speakin g ,  only one or 
two of  them deserve th is  name .  The rivers, as  wel l  as the numerous 
l arge and small rivulets and brooks , a re a lmost without exeeption glaeier  
streams issu ing from the glacier-fronts .  In  the ir  eourse aeross the 
coastal p la in they have partly worked out some metres-deep eanyons 
in the sol id rock. V-shaped val leys forrned only by flowing water do 
not oecur within the property area .  

Schetel igelva and Kvadehukelva are two of  the l a rgest streams ,  
both i ssu ing a t  the  front  of Trangskarbreen .  This gl acier eomes 
from a narrow and deep gap between Kiærfj el le t  and Sehetel igfje l le t .  
I observed i t  i n  1 922 and have named i t  Trangskaret .  The  two rivers 
wind their way aeross the coastal p lai n ,  in whieh they have a t  some 
points cut out sma l l  canyons .  

On the eoal field there are severaI  r ivulets and creeks flowing 
down from the mountains and glac ier fronts towards the sea.  In front 
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Fig. 5 .  Watershed in  Brøggerfj e l let showing the ablation of Vestre Brøggerbre . 
A. K. Orvin phot. 26/8 1922 . 

Fig. 6. Folds in the terminal front of Love nb re N o. 1 , showing f l owing st rue ture. 
L. J. Orvin phot. 25/8 1 922. 
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of Lovenbre No .  1 \Ve flnd  Wexelva,Voitelva, and  Nannestadelva. All of  
these have deposited large and a lmost flat  cones of sand and grave! . 
Farther west debouches a smal l  brook, Smithelva in  Strandvatnet , a 
l i ttle pond or coastal lake ,  and west of the loading place Westbyelva 
has its outlet in to Thi i sbukta . This brook gets its water partly (rom 
Storvatnet and partly from the a rea a round the m ines. 

Fig. 7. The stream fro m Brø ggerdalen at the ter minal 
front  of Austre Brøgger br e .  

A.  K. Orv in  phot .  27 /8 1 922. 

A num ber of glacial streams com ing from the front of Brøgger
breen jo in in  Bayelva, the only stream on the coal fleld deserving the 
term of r iver .  The streams often change the ir  beds in  running across 
the extensive, pebbly river bottom in front of  the glaeier .  One of the 
affluents to Bayelva comes from Tvil l i ngvatnet, from ",hich the com
pany has taken water for household and m in ing purposes. 

The depression in  front of Brøggerbreane has been fl l led in  with 
pebbles and gravel from the glacier  streams, and now forms a great 
pebbly plain with very l ittle vegetation .  H ere we flnd great p ieces of  
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eoal ,  brought down by one of the streams running alongside the eastern 
part of the glaeier front ,  where it has in terseeted a eoal seam . 

In springtime a l l  the streams are eonsiderably swol len , and then a 
gre at deal  of loose material is earried downstream.  

I n  the autumn ,  however, the water d isappears from all streams as 
the frost sets in ,  wi th the exeeption of those flowing out from under the 
glaciers. These wil l  be water-bearing for severai weeks longer. 

I have a lready mentioned that the streams of ten ehange their eourses. 
This i s  especia l ly the case on the great al luvial con es ,  and at the glaeier 
fronts. During my  work on the eoal field I have observed this on severai 
oeeasions. On August 7 ,  1 922 I m easured a seetion of the eoal seam 
a t  Anneksjonshytta i n  the easternmost part of the field in  a cutting 
made by the brook through the gravel eone .  At the end of  the month 
th e  stream had ehanged its bed and deposited a th ick l ayer of gravel 
and boulders al l  over the seetion, so that nothing whatever eould be 
seen of  the bedrock. I n  1 928 the seetion was also eovered during my 
visit ,  whereas during the  visit of  Blomstrand in  1 86 1  far more of the 
seetion lay uneovered than in  1 922. 

In the front of Brøggerbreen I have observed a s imi lar  case, 
I n  1 92 1  the eastern afflux of Bayelva had its source innermost in 
Brøggerdalen, and Oowed out into the brook coming from Tvil l ing
vatnet. In 1 922 the river made its way under the glacier  and ran out 
o f  an iee ca ve in  the eastern part of the glacier  front (fig. 3) .  In a few 
weeks the stream had cut its way through from three to six metres o f  
frozen earth and sol id rock along the  glaeier  front (fig. 7 ) .  I t  earried 
away a good deal of eoal from the Ragnhi ld  Seam, whieh i t  interseeted , 
and seattered the pieees a l l  over the river floor, where bags of them 
may sti l l  be pieked up. 

In th e following year the stream ran i n  its o ld bed and the ca ve 
had sunk down to an i rregular hole .  In 1 928 both these river-beds 
were nearly dry ,  and the river had worked out an  entirely new bed 
under the glacier farther to the west. That summer I could walk severai 
hundred metres under the glacier on the roeky bottom of the iee eavern. 

Lakes. 

On Brøggerhalvøya there are only a few smal l  lakes .  The largest 
one i s  situated in  Traugdalen south of  Kiærfje l let .  I have named it 
Traugvatnet. The lake i s  about 600 metres long and a l iule less broad. 
Some distanee h igher up  the valley there is a smal ler glacier  lake .  

On the eoal  field there are some smal l  lakes, of which Tvi l l ingvatnet  
h as supplied water  to the mine  workings at Ny-Ålesund. One of the other 
lakes, Storvatnet, i s  quite shal low and freezes to the bottom in the winter. 

Along the eoast of Brøggerhalvøya some small eoastal lakes and 
ponds oeeur, mostly eontaining braekish water. 



24 A N D E R S  K .  O R V I N  

I n  the  area of Ossian Sarsfje l let  four lakes occur, three of which 
are quite smal l  glacier  lakes. The fourth is about 500 metres long and 
s i tuated in  a trough-shaped , transversal va l ley ,  carved out by the ice .  
A brook from the g lac ier  flows th rough the lake and down the steep 
mountain to the sea. I have named i t  Sarsvatnet .  

Coast. 

The run of the embayed coast l i ne  wil l  be seen from the maps .  
The best harbours are situated at  Ny-Ålesund .  On Kolhamna large 
steamers may anchor shel tered by the cuspate foreland ,  Brandalpynten .  

The inner  part of  th i s  bay, wh ich  i s  terrned Thi isbukta ,  i s  a fine  
l i tt !e cove for rowing and m otor bo ats . Further : Zeppe l inhamna ins ide 
Prins H ein richs øy offers a good anchorage for smal l  vesse ls .  At  the 
pi er  of  N y-Ålesund steamers of up to 4000 net  tons can be loaded . 

Shelter against  the swell wi l l  a lso be found in  Dyrvika and N ord
vågen i n  Blomstrandhamna, but ,  as a rule, ca lf- ice from the glaciers i s  
floating about i n  both  these  places . 

The length of the  whole coast l i ne  l im it ing the property area is  
about 66 ki lometres, e ight of  which are situated west  of  Blomstrand
halvøya. Twelve ki lometres of the  coast l ine is made up of  h igh and 
steep glacier fronts belonging to Kongsbreen ,  Kongsvegen and Blom
strandbreen .  Because o f  the frequent calving i t  i s  dangerous to approach 
these ragged ice-wal ls .  About 25 k i lometres are made up  of  a steep 
cl iff, and on the remain ing 2 1  ki lometres one wi l l  find low coast with 
sandy beach , and low crags which may be c l imbed from the sea. The 
height of  the cl i ff  varies consid erably .  Usual ly  i t  i s  from 6 to 1 0  
metres, but i n  some pl aces i t  i s  much higher .  A t  NY-Ålesund ,  where 
the  c l iff i s  made  up  of U pper Carboniferous l imestone ,  which is h igh ly  
so lub le ,  the cl iff  has partly been undercut by the waves and conta ins  
smal l  coves, s ink-hoies and stacks ,  ent ire ly separated from the coast. 
Such a stack will be seen on figure 8. It i s  s i tuated a short d istance 
west of the power station ,  and seen from the southeast i t  much resembles 
the  face of  a man .  

Even at  l ow-water i t  i s  i n  severai places impossib le to walk  on the  
sandy beach under  the cl i ff. Th i s  i s  evidently due to the solubi l ity of  
the  l im estone .  Farther  west, where the cl iff  is made up of Devonian 
sandstone, I have at low-water walked under the cl i ff  the whole d istance 
from Brandalpynten to Scheteligelva . H ere the l imestone is aga in  found 
in  the  cl i ff, and it  is  impossi gle to walk  any farther .  On  the coast , 
facing Forlandssundet, I had the same experience. Below the l imestone 
c l iff walking was impossible, but below c l iff made up of  insoluble rock 
there was everywhere a sandy beach at  low-water .  The same  condit ions 
are typica l ly developed also in  Bear Is land .  Th i s  fact one must have 
i n  m ind when drawing conclusions from the cl i ff, about the land being 
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submerged or  raised. Conclusions wil l have to be d rawn only from 
the parts o f  the cl iff  wh ich  consist of  rocks tha t  a re  practically 
i nsoluble .  

As previously ment ionefi ,  a pla in with marine deposits is found 
around the coast. This pla in ,  belonging to the strandflat ,  r ises smoothly 
up  to 50-60 metres above sea-Ievel and i s  a lm ost everywhere covered 
by  marine terraces. They are mostl, dry, but also small boggy areas 
and clayey tracts may occur. In the lower parts o f  the terrace cover, 

Fig. 8.  The c l iff  west  o f  the power station.  
A.  K.  Orv in  phot .  3/8 1 928. 

clay is found a lm ost everywhere,  and it partly conta ins shel ls  of mar ine 
musseis. On the undulating lowlands polygonal  soi l  is  seen everywhere. 

SoH. 
The earth at  Kings Bay i s  rather  poor and the vegetation is  thus 

poorer than i n  the great valleys around I ce Fjord and Bell Sound.  
I n  1 925 I took a sample of the uppermost layer of  the soi l  between 
Nye-Advokaten and the sea.  The sample was taken on the terrace, 
the upper part of which consisted of stone fragments and gravel , with only 
very l ittle earth . Below the cover o f  gravel  lay marine  clay with m usseIs . 
The terrace cover rests on a bedrock of  Permo-Carboni ferous chert ,  
but the loose material does not originate only from this rock . 

The sample was examined by Dr. K .  O .  Bjørlykke, professor at  
Norges Landbrukshøiskole. Bjørlykke ( 1 927) describes the earth as 
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homogeneous, brownish coloured , and terms it a gravel earth conta in ing 
sand and stones.  From O to 25 centimetres deep i t  conta ined 54 per 
cent .  gravel and stones ,  from 25 to 40 cent imetres 82 per cent . ,  and from 
40 to 50 centimetres 87 per cent .  

The earth does not  conta in humous substances worth m entioning 
with the  exception of  the uppermost stratum ,  which contained some 
thin root fibres .  

The upper stratum from O to 25 cent imetres gave the fol lowing 
result in  the chemical analysis : N 0.09 per cent . , P205 0.04 per cen t . ,  
K 20 0.05 per cent . ,  CaO 0 .53 per cent . ,  Fe2 0g 5.98 per cent . , ignit ion 
loss 6. 1 6  per cent. , and reaction pH 6.54 .  As wil l  be seen ,  the earth is  
very poor in  fertil is ing agents. 

F rozen Ground. 

My original  intention was to undertake m easurements of  the tem
peratures of the frozen ground in  the borehoIes ,  but I regret to say 
that this p roved quite im possible .  The fact was that the boreholes 
froze up instantaneously i f  the d ri l l ing tools were ra ised without 
warm brine being s imultaneously pumped down into the hole. Accordingly 
i t  was impossible to keep the thermometer in the hole t i l l  i t  got the 
temperature of  the soi l .  Even when brine was used the hole would 
freeze up when remain ing unworked for some hours .  The freezing up 
might perhaps have been prevented by making the br ine very concen
trated, but in that case one would only have got an art ificia l  freezing 
mixture, as the frozen rock always conta ins ice .  Under these condit ions 
I considered i t  i mpossible to undertake any measurement in the borehoIes. 

I would a lso have made such measurements in  the mines, but 
during my visit the accessib le  parts of the mines had a l ready for a 
long t ime been in  contact w i th the warm a ir  pumped down from the 
surface. Mr.  S lå t to promised to undertake such m easurements when a 
new mine was to be worked,  but unfortunately m in ing operations were 
d iscontinued before this could be done .  

As the ave rage temperature i s  about � 8 ° C ,  the lowest temper
ature of the soi l  is l ike ly to be about � 7 °  at a depth of 1O�20 
metres below the surface, this being the coldest lone .  

I n  the summer t he  frolen surface i s  usual ly  thawed to t he  depth 
of  50-60 centimetres, occasional ly more. Where the ground i s  raised 
or consists of d ry sand , the thaw wil l go a l i ttle deeper than i t  does 
in  grooves and c1ayey ground .  

To  wha t  depth the frolen ground extends has no t  ye t  been  exactly 
determined .  The frozen lone i s  th ickest in the mountains and th i nnest 
a t  their base. The bottom of the J osefine Mine was d riven below the 
depth of frost. The vertical d istance from the surface was here 1 30 
- 1 40 metres. I f  the temperature near  the surface is about � 7 °  as 
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supposed, the geothermic depth wil l  be about 1 7  metres .  In the mountains 
and below the p la ins this figure wil l  be  considerably greater. Thus in 
Sofie Mine ,  lying on the pla in ,  the  ground was sti l l frozen a t  the 
bottom of the mine ,  1 50 metres below the surface. According to our 
experience during the dri l l ing and observations made in  the mines the 
coldest horizon is situated about 20 m etres below the surface. The 
figures given above are, obviously,  only approximate, as no m easure
ments h ave been made, but  they wi l l  pro babl y not  be very far out .  

One would th ink that the circulation of water i n  the frozen ground 
would be rendered d i fficult ,  but th is has proved not to be a fast rule .  
In severai places in  Spitsbergen J have had the opportun ity to observe 
springs coming out of the ground. Some of these seem to flow through
out the winter, because th ere are great sheets of ice at their outerop. 
At  Kings Bay such springs exist i n  front of  Lovenbreane, but the most 
interesting observations in th is connection have been made on the  coal 
field .  As we have heard, the min ing company has  for severaI years 
taken water for household and min ing purposes from the Austre Tvi l l ing
vatn, which do not freeze to the bottom in  winter. Despite the fact 
that  this water was constantly pumped out ,  a l i tt le stream issued from 
the  lake for a long time  during the autumn ,  after al l  afflux from  the 
surface had frozen away.  In dri l l ing bore hole 3 ,  the site of  which was 
placed between the two small lakes, we confirmed that an underground 
stream springs up in  the bottom of  the lake, which forms a 6-7  
m etres deep pool . At a depth of  1 4- 1 8  metres we  dri l led through an  
open space i n  t h e  rock fi lled with water under pressure and  coarse 
sand ,  which was brown with i ron-oxides and of which the finer m aterial 
had been washed out .  When the dril l ing tools pierced the space, water 
and gravel were hurled up through the dri l l ing-pipe more than three 
m etres above the level o f  Tvil l ingvatnet. Later on, a fter the dr i l l ing 
was finished ,  the water flowed out of the cas ing top unti l  i t  froze up 
la te  in  the autumn .  We had thus  struck the water, wh ich  otherwise 
i ssues on ly at the bottom of Tvil l ingvatnet , where i t  i s  filtered th rough 
sand and clay .  

I n  1 927 a great vein of water broke in to Ester Mine abt .  1 40 metres 
under the surface. The inflow of  water amounted to 1 300 l i tres per m inute 
and the temperature was 1/ 10 0  C. The mine  had to be  deserted until the 
autumn of  1 928, when pumping machinery of  sufficient  capacity was in
stal led . The water has been analysed and proves to be surface water ,  which 
has  passed on  ly a short t ime through the underground .  The con tent 
o f  sal ts was very low. The reaction was alcal ic .  The question of  the 
source of th is  water has not been quite satisfactorily settled ,  a l though 
i t  is h igh ly probable that the water comes from behind Zeppelin fje l let 
and through a system of  tectonic disturbances is led to the surface 
of  the coal fie ld .  In a c irque beh ind Zeppel infj el let a ! i tt le lake with -
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out any outlet appears to  rest on the glaeier  i ce .  I t  is probable that 
the water source is to be  found here.  

The lake i s  about 1 80 metres long and 1 00 metres in  width . The 
e levation above sea-Ievel i s  about 3 1 5  metres measured by barometer .  
The bottom of the lake was covered by a brown mud wh ich probably 
rested on ice.  All over the lake smal l  bubbles rose to the  surface, and 
even in  sunshine i t  seerned to be ra in ing on the lake .  At first I though t 
that it m igh t  be gas from the coal seems which ascended this way, 
but on examining i t  cIoser I cam e  to the conclusion that i t  must be 
a i r-bubbles or  gas coming from the mud. Gas coming from the depth 
would have come out in  one place.  From the lake there was no outlet 
down the  glaeier, as the water was held by the ice Iying about five 
metres above the water-leve\ .  

During the dri l l ing of  the other  hoIes we also found that the 
frozen ground was not  impenetrab le to water. SeveraI t imes during 
the dri l l ing we lost the dri l l ing-water with out th is  com ing up to the 
surface in  any place near the dri l l ing site .  This fact I can only explain 
by the upper part of the frozen ground ,  due to temperature variat ion s 
of the a ir ,  being subjected to con tractions forming fissure-systems  on 
wh ich the water may escape. If the surface water, the temperature of  
which in  the summer will be up to 6-7 0 C ,  begins  to circulate on these 
fissures they wi l l  be kept open .  

Stratigraphy. 

Hecla Hoek. 

W. Scoresby ( 1 820) is  the first to mention the H ecla H oek rocks 
in  the environs of Kings Bay. He (Vol. I , p. 1 49) speaks about marble 
of  " real beauty" ,  " found i n  some parts of King' s  Bay" ,  and farther  
down he says : "Capta in  J acob Broerties, an in te l l igent  whale-fisher of  
Amsterdam , i n formed m e  that  he  had in  h is  possession a s lab tab le  of  
great beauty, manufactured out  o f  a b lock of  Spitsbergen marble ,  which 
he  h imself  procured" .  He further  ( in App.  No. VI)  notes some rock 
specimens collected by h imse l f  at Kings Bay and determined by Professor 
Jameson , who describes them as " Bluish-grey fol iated-granular  I ime
stone, Gne is ,  Quartz-rock ,  Rhom bo ida l  calcareous-spar" . 

Blomstrand ( 1 864) has given us the first geological description of 
the H ecla H oek rocks a t  Kings Bay, but he d id not  try to fix  the age 
of  these rocks. Garwood ( 1 899) m entions that  the rocks in  the inner 
part of K ings Bay belong to the  H ecla H oek,  which had previously 
be en described from other places by A. E .  N ordenskiold .  Later on this 
tract has been dealt with i n  part by H oel  ( 1 9 1 4) and Holted�h l  ( 1 9 1 3  
and 1 926) .  
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I n  the  summer of 1 928 I devoted a few days to mapping within 
the H ecla Hoek a rea ,  and tried to divide the d ifferent  series. I t  is , 
however, a t  present d i fficult to place the divisions at Kings Bay in the  
general Hecla Hoek sequence, because th is  is  sti l l  insufficiently known. 
The sequences of  the var ious authors are more or less deficient ,  and 
the sections i n  the d ifferen t localit ies do not always corr espond .  Rel iable 
results cannot be expected unti l the H ecla H oek rocks have been 
examined and mapped in  great areas. Rocks now designated H ecla 
H oek,  i .  e .  a l l  rocks older than Downton ian ,  with the  exception of  the 
igneous rocks, certa in ly em brace a very great space of  t ime ,  and m ay 
really contain rocks far down into the Pre-Cam brian .  

I n  Bear I sland ,  the only place where determinable  fossils have 
so far been found in the H ecla H oek, the  age has been fixed as Y ounger 
Cambrian and Middle Ordovician .  Owing to severai points of resem
blance i t  is  fai rly  certain that th is sequence i s  contemporaneous with a part 
of  the H ecla H oek i n  Spitsbergen .  In Bear I sland the sequence i s  of  
a comparatively l imited thickness, and i s  m ain ly made up of  l imestone 
and dolomites, secondary sandstones and shales. I n  Spitsbergen the  
sequence is a l so  made up of  large series of  quartzites, phyll i tes ,  and  
m ica schists. The  rocks on Bear  I sland have  been  changed very  l ittle by 
metamorphism ,  whereas the  rocks in  Spitsbergen have undergone strong 
metamorphism . 

H oel and H oltedah l  ( 1 9 1 4) found - tha t  the gran i tes in the north
western part o f  Spitsbergen are younger than the H ecla Hoek,  and that 
there thus seems to be no Archean rocks .  The appearance of  the rocks 
here is  therefore not due to age but to stronger metamorphism . 

H oltedah l  ( 1 926) points out that the  metamorphism of the rocks 
is strongest in the northern part of Spitsbergen ,  and he suggests that  
th i s  may be due to a greater elevation of  the  land i n  th is  d i rection ,  so 
that  the  rock la id bare here origina l ly ,  when the metamorphism took 
p lace, belonged to a deeper part of the  earth crust .  This may also be 
the case ,  but i t  might perhaps suffice to explain th is  fact merely as a 
result o f  the great eruptions during the  forming o f  the  Si lur ian 
mountain cha in .  At al l  events ,  these erupt ions h ave increased the 
m etamorphism .  

I n  1 9 1 7  I had  the  opportuni ty to investigate a smal l  area of  gabbro 
not  far from the coast north of  Horn Sound.  N ear the  gabbro the Hecla 
H oek rocks h ad been strongly metamorphosed and the m ica sch ist  
contained big garnets. 

The metamorphism decreased gradual ly from the gabbro. This  
shows us that  the  metam orphism may be very strong also i n  the 
southern parts where the sequence has been penetrated by igneous rocks. 

The H ecla Hoek at  Kings Bay i s  situated within two d ifferent 
tectonic areas. The one i s  made up of  the southeastern part of  Brøgger-
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halvøya, where the strike is  about E 1 5 0  S-W 1 5  o N and the dip 
45 0_70 0 to the south. The other  area is situated north and east o f  
the  fjord.  The strike is here north-south and the dip varies from 
east to west. 

The rocks on Brøggerhalvøya are phyll i tes , m ica schists , quart
zites, and subordinate l imestones and dolom ites. The sequence has  
been  in tersected by the glaciers, and thus the d ifferent layers may not  
be traced continuously for any great  distance along the strike .  On ly on 
the narrow, often near ly i naccessible ,  crests between the glaciers the 
sect ions are uncovered. The mounta in slopes are everywhere covered 
by ta lus .  During mapping work I examined some of these sections .  
I t  is ,  however, d i fficult to determine the thickness because o f  the  vary
ing dip ,  tectonic d isturbances,  and the d ifficulty of fixing their  l imits i n  
some  places. 

I n  fig. I -J pl . V. I have drawn up  a continuous section  of  the  
Hecla Hoek sequence from the Devonian in the crest south of  Zeppelin
fj el let to Forlandssundet .  In the northern part of  the section there is 
a frequent alternation of  quartzites, phyl l ites, and m ica schists, so that 
i t  i s  a lmost futi le to try to divide the d ifferent strata .  The thicknesses 
given in the section are only approximate. 

The d ifferent series from north to south are : 

l .  Phyl l i te ,  grey, and greyish-yel low quartzite with masses of smal l  mica  

Thickness 
i n  metres 

f lakes on the bedding planes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 50 

2. Quartzite, yel lowish-white . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 40 
3. Mica sch ist, wi th small  buckles and yel lowish-white quartz ite . . . . . . . . . 1 40 
4. Mica schist, partly stalky structure, and quartz ite . . . . . . . . . . . . . . . . . . . . 250 
5 .  Mica schi st, phyl l i tes and q u artzites in alternating layers . . . . . . . . . . . . . . 380 
6.  Phyl l ite, dark grey and greyish· green and brown mica schists and quart-

zite, partly buckled and wi th mica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600 
7. Phyl l i te ,  gre y wi th mica schists contain ing stalky grey ish yel low quart-

zite with mica on the bedding planes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600 
8. Qartz i te, reddish-yel low with m ica and some layers of mica schist . . . .  1 40 
9. Phyl l i te ,  grey with lenses of quartz i te and yel low phyll i te . . . . . . . . . . . . . 1 2 0 

J O. Dolomit ic marble with sacharine structure and some m ica, yel lowish

brown marble with some mica f lakes and iron spath , fine-grained l ight
blue dolom ite with clorite, greyish -b lue  dolornite and compact, hard, 
l ight-brown dolomite, enumerated from north to south . . .  . . . . . . . . . . . 2 70 

1 1 . Mica schist, partly contai n ing  l ime  and with quartzite and phyl l ite. 

Farthest south mica schist  wi th garnets, l imestones and quartzites . . . 1 500 
Then fol low dolomites and l imestones at Forlandsu ndet. 

Nos .  1 -9 must be combined into one series : The  Quartzite and 
Mica Schis t  series, No .  10 I have named the Steenfjel l  Dolomite ,  No.  I 1  
consists al most exclusively of  mica sch ist ,  in part strongly metamor
phosed . I have terrned it the Bogegg Mica Schist .  
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The  divis ion from north to south i s  as fol lows : 

Quartzite and Mica Schist series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Steen fje l l  Dolomite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Bogegg Mica Schist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Dolom ites and l i mestones at F orlandsundet . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Thickness 

i n  metres 
ca. 2520 

270 

" 1 500 
? 

On the last three sections on pl .  V some of  these layers wi l l  also 
be seen . The thickness varies a great dea l  i n  the d ifferent sections .  

The H ecla H oek area on the north side of  the fjord d iffers to a 
fa i r  extent from the other .  The sequence i s  here made up of  two 
d ifferent main series. The lowermost consists o f  quartzite , phyl l i te ,  and 
m ica se h ist cropping out on the western part o f  Ossian Sarsfje l le t ,  in 
Feiringfj el let ,  and the western part o f  Olssøn fjel let .  It forms a great 
syneline below Blomstrand breen ,  where i t  is overlain by l imestone ,  
and an  anticl ine  in  the western part  o f  Ossian Sarsfje l let  and  Fe iring
fj el let .  This  series closely resembles the Quartzite and Mica Schist 
series on Brøggerha lvøya, and I think the y a re identica l .  

The great l imestone series, which i n  the eastern part of  Ossian 
Sa rsfje l let  and east of  Feiringfj el let  h as a d ip  of  40 ° to the  east , i s  
e roded away i n  the aerie l  a rch of  Feiringfje l let ,  but i s  seen in  the western 
part of this mounta in with a steep westerly dip. Below Blomstrand
breen i t  forms a syncl ine  and reappears on the west side of th is  
glaeier  wi th easter ly d ip .  I t  i s  th is l imestone wh ich  is  found on Blom
strandhalvøya and on Lovenøyane ,  and on which the  Northern Explo
ration Co .  Ltd . ,  London h� tried to work a m arble quarry. The  border 
l ayers between these to great divis ions are made up of a l ternat ing 
beds of  l imestone and quartzite. 

As the l imestone on the north side of the fjord is  overly ing the 
quartzite m ica schist layers i n  great areas ,  i t  is  extremely pro bable that  
i t  i s  the younger of  these two series. I f  th is  were not the case ,  very 
great inversions must have taken place here ,  but such great d isturbances 
would scarcely have left the sequence so regu lar .  I f  therefore the quart
zite m ica schist series on both sides of the fjord a re identical , t he  se
quence in  Brøggerhalvøya must have been inverted ,  as here a great  
sequence of m ica schist with garnets is  found south of, and apparently 
above ,  the  Quartzite and Mica Schist series .  The l imestone i n  Blomstrand
ha lvøya is  thus very l i ke ly the youngest part of the  H ecla H oek h ere. 
This explanat ion is  not  a l together unreasonable .  We know that the 
layers belongin g  to the younger format ions have been folded and partly 
inverted during the Tertiary folding period , and, a s  the Hecla Hoek 
rocks have taken part in th is  fold ing ,  i t  is but probable that  they,  too, 
have been i nverted within part of the fold ing zone .  

Before the fold ing to ok place the H ecla Hoek strata on the south 
s ide of  the fj ord must also have had a n orth and south strike i n  d irect 

3 
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continuation of the present-day strike on the north side o f  the fjord.  
If the l imestone on Blomstrandha lvøya is  the  youngest i t  may seem 
strange that i t  i s  not  found as the base of  the Devonian layers south 
of  Zeppel in fje l let .  The explanat ion must be that the l ayers now form
ing the base of the Devonian strata before t he  fold ing took place were 
si tuated farther  to the west and then forrned a d i rect continuation of  the  
quartzite and m ica schist wes t  of Olssønfje l let .  As ear ly  as the  Devonian 
period these layers had an  easterly dip.  This may d i rectly be observed 
from the fact that the Devonian strata have been deposited with an 
angular  unconformity i n  relation to the H ecla Hoek rocks, and the 
th ickness of the Hecla  H oek wi l l  be found to increase i n  an  easter ly  
d i rection .  

The l imestone ,  wh ich al  ready i n  Devonian t ime pinched out to
wards the west, real ly exists as the base of the Devonian farther east 
up the fjord .  Fig. S-T pl .  V may perhaps contr ibute to the explana
tion of this problem . 

All the  rocks belonging to the  Hecla H oek are of sed imentary 
origin ,  made up as real sed iments as sandstone and shales ,  or  precipi
tated as m arine l ime  and magnesia carbonates. 

Granite occurs i n  Stemmeknausane and outside the border l ine of  
the company a short  d istance east of  Feiringfje l let .  The H ecla H oek 
rock is here entirely traversed by granite dikes .  

The metamorph ism of the H ecla H oek rocks in  to phyl l i tes ,  m ica 
schists, quartzites and marble must be expla ined as the result of a 
combined contact and press metamorphism during the Si lur ian moun
ta in  fold ing period. The erupt ion of  the igneous rocks took p lace  con
temporaneously wi th  the fold ing .  I n  the neigh bourhood of  the igneous 
rocks one wi l l  find an  increased e ffect o f  metamorphism by contact 
metamorph ism . 

The H ec la  Hoek rocks now found at the  base of the younger 
formations a t  Kings Bay must origina l ly dur ing the metamorphism have 
been situated at  a considerable depth.  A great  part of the  sequence 
must thus have been eroded away from the beginn ing of  the Si lur
i an  mounta in fold ing  unt i l  the deposit ion of  th e  Downton ian layers. 

I t  is  possible that the H ecla H oek layers have been folded u pon 
themselves severai  times so that the  same layers may reappear in 
d ifferent places o f  the sequence between Kings Bay and Forlandsundet , 
but I have fa i led to find  any proof of this .  I should there fore th ink  
tha t  the  section 1 -J p l .  V rea l ly  shows the  exist ing condit ions.  

I shal l  not try in  this work to correlate the H ecla Hoek rocks at 
King Bay with the H ecla H oek l ayers in other parts of  Spitsbergen .  
H ol tedahl i s  of  opin ion that  t h e  l imestone in  B lomstrandha lvøya is 
identical wi th the Tetrad ium Limestone i n  Bear I s l and .  I should ,  how
ever, be incl ined to th ink  tha t  the two series are not  contemporaneous ,  
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because the l imestone on Blomstrandhalvøya is  resting on quartzite and 
m ica schist , whereas the Tetradium Limestone rests upon a th ick series 
of dolomites. The Tetradium Limestone is  also much darker .  I should 
think that the l imestone in Blomstrandhalvøya belongs to an older period . 

Devonian. 

During mapping work in  1 922 I observed a great series of con
glomerates, sandstones, sandy shales, etc. , in the c 1 iff north of  Schetel ig-

Fig. 9 .  Devonian strata in  Brøggerfje l l et. 
L. J .  Orvin phot.  2618 1 922. 

fje l let , a lmost a l l  of which a re of a red colour and contain very much m ica . 
l bel ieved that these rocks belonged to the Devonian system and searched 
very c10sely for fossi ls ,  yet I only found one or  two badly conserved 
flsh fossi Is .  In the fol lowing year I measured an  exact and very detai led 
cross section of the sequence ; but  again fai led to flnd any determ inable  
fossi Is .  Professor J .  K iær and Conservator A .  H eintz have been  good 
enough to  examine these fish fossi ls .  I regret to say that they were so 
defective that i t  was impbss ib le to determ ine their exact nature. The on ly 
conclusion arrived at  was that they were Devonian or  Downtonian flshes. 

This sequence is  further exposed in  the crest south of  Brøgger
t inden in Brøggerfje l let ,  where I measured a detai led cross sec ti on in  
1 928. H ere ,  to  o, I d id not succeed i n  flnd ing  a single fossi l un t i l  th e 
Middle Carboniferous beds were reached .  Also in  the crest south of  
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Zeppe l in fje l le t  these layers crop OUt .  In Brøggerfje l l e t  as wel l  as in 
Zeppel i n fje l le t  there seems to be a greater percentage of conglomerates 
in  th is sequence than in the beach section  north of  Schetel igfje l le t .  The 
latter contains ,  especia l ly  i n  the  upper part ,  far more sha ly and fine
grained rocks with m ore m ica on  the  bedd ing planes .  I t  is not  qui te  
clear to me  what  the  reason may be .  I t  is  obvious tha t  such coarse
cIas tie l ayers a t  these wi l l  vary much i n  development ,  but as i t  is  a 
quest ion o f  great th icknesses and  relat ively sma l l  d istances one would 
think that  the  modificati ons would no t  be of any importance .  I should 
also imagine that the  upper part of the beach sect ion is younger than 
the  corresponding parts o f  the  other two secti ons ,  and that only the 
l ower part  of  th is section i s  qui te identical with the other two. The 
lower par t  of  t he  beach section is  a l so  made up of conglomerates and 
coarse sandstones ,  but i s  so covered wi th  loose materia l  that  a detai led 
section cannot be measured. 

I t  was not possible to find any layers here belongi ng  to the Cul m ,  
and I very much doubt tha t  such layers are t o  b e  found  a t  a l l  a t  th i s  
point .  In  the upper  part of  the beach  section ,  h owever, some benehes 
o f  pure sandstones occur, corresponding to the  com mon Cu lm type and 
over la in by the  l imy Middle Carbon i ferous layers ,  but I could not  l ocate 
any fossi Is in these benehes ,  nor  could I observe any unconform ity 
downwards .  

I sha l l  now go th rough the  cross sect ions i n  the cl iff  north of  
Schetel igfje l le t  and i n  the  crest of Brøggerfje l l e t  (fig. 1 0) .  I n the secti on 
north of  Schetel igfje l le t  t he  lower part  o f  the Devonian sequence is  
be low sea-leve I and to the east  the  v is ib le  part  o f  the  secti on i s  cut 
by the great fau l t  a long Scheteligfje l le t .  The eastern part i s  a l so exten 
s ively covered ,  and i t  i s  thus i mposs ib le  to make any  detai led measurement 
here .  The sect ion a long the beach from east to west i s  as fol l ows : 
Thickness 
in metres 

23.0 Sandstones, sandy shales and laminated sandstones of red colour with mica .  
SO .O  Cov ered . 

4.0 Conglomerate , d i p  30° SW. 
50 .0 Cov ered. 
1 0.0 Conglomerate with red sandy matrix and large pebbles of  l ight quartz. Contains 

a lso mica .  
2 .3 Sandstone ,  red, argi l laceous,  w i th mica .  Upper  S em green ish-ye l l ow. 

I S .0 Conglomerate, with sandy matrix of green colour, conta i n i ng  m ica and  pebb les  
of quartz and some layers o f  sandstone. 

S.O Covered.  

0 .4  Sandstone ,  hard and red .  
1 .3 Sandy shale ,  red, wi lh mica .  
0.4 San dstone. hard,  brown with mica. 
0 .6 Sandy shale ,  red, w i th m ica .  

0.6 Sandstone, hard, brown, wi th  m ica .  
1 . 5 Sandy shale ,  red, with mica .  



Thickness 
i n  metres 
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1 .0 Sandstone ,  hard , brown wi th  mica. 
0 .8 Sandy shale, red, w ith mica .  
0 .7  Sandstone ,  red .  
2 8  Sandstones and  sandy shale ,  a l l  red, alternat ing .  
0.4 Sandstone,  red .  

0.2 Shale ,  red.  
0 .6 Sandstone,  laminated, red , with mica. 
0.5 Shale,  red, with mica.  

Unconform ity or smal l  d i sturbance. 
0 .4 Conglomerate and red sandstone. 
0 .6 Sandstone, lami nated, arg i l laceous, with mica. 
2 .4 Sandstone ,  red, parti y lam inated, with sandy shale con

tai n i n g  m i ca .  
2 .6 Conglomerate wi th cross bedding, brown, very finely  

grained ,  wi th  m i ca.  
1 .2 Sandstone, red, wi th mica and part ings of shale .  

1 .2 Conglomerate, same k ind  as above. 
0.6 Sandstone, th in  laminated, red, contai n ing  very much 

mica on the bedd ing p lanes ,  looking l i ke  s i lver. 
1 .0 Sandstone ,  red, argi l laceous, weather ing in small ,  i rregular 

pieces.  
1 .2 Sandstone, part i  y I�minated with much mica.  
0.4 Sandstone, red arg i l laceous, weathering i n  small  i rregu lar 

p ieces. 
0.6 Sandstone, hard, red. 
1 .2 Sandstone and shale,  red, alternat ing .  
3.0 Conglomerate, fi nely gra ined,  brown and sandstone,  with 

much m ica .  
2.0 Sandstone,  red arg i l laceous, with mica and part i  ngs of  shale .  
0 .7  Conglonierate, brownish-green,with sandy  matrix and q uartz 

pebbles. 
0.4 Sandstone ,  red argi l laceous,  with m i ca.  
0.5 Conglomerate, same kind as above.  
0.9 Sandstone,  grey, part ly laminated with m ica.  
0 .7 Sandstone, red,  laminated, argi l laceous, with mica . 
0.3 Sandstone, yel lowish-green .  
1 .0 Sandstone ,  redd i sh-brown, with m ica. 
2.0 Sandstone, very coarse, with mica and a thin layer of  greyish-

green laminated sandstone .  
0.3 Sandstone, grey. 
0 .7 Sandstone ,  green alternati n g  wi th red, sandy shaJ e .  
0 .4 Sandstone, l am inated, green , with m ica. 
2 . 1 Sandy shale ,  red, alternati ng with layers of sandstone. 
1 .2 Sandstone ,  reddish-brown, laminated, with m ica. 

1 .4 Shale, red, sandy, i rregu lar pieces by weathering. 
1 .0 Sandstone ,  red, with mica .  

1 .0 Shale ,  same k ind  as above. 
0.6 Sandstone ,  brown. 

1 .2 Shale,  same kind as  above. . 
1 .0 Sandstone, red, laminated, with mica.  
2.9 Conglomerates, finely grai ned and sandstones alternating. 2 
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3.0 Sandstones,  red , l am inated , alternating wi th sandy shales .  
35 .0 Sandstone,  conglomerates and  shales,  which cannot be measured because th e 

secti on is covered wi th i ce .  

2. 1 Sandstone, red ,  argi llaceous ,  co lumnar structure at right angles to  the bedd ing planes. 
3.2 Sandstone ,  red, agi l laceous with two smal l  layers of  harder, red sandstone .  
1 .3 Sandstone ,  red, crossbedded , wi th m ica. 

4 .0 Sandstone, red, l aminated, partI y with much m ica and partl y crossbedded.  
0 .7 Sandstone ,  redd ish-brown , with m ica. 

1 .3 Shale, red, sand y, easy weathering. 

2 .6 Sandstone, redd ish-brown, hard and coarse. 
9.0 Sandstones ,  partly argi l laceous and l aminated, partly covered. 
0.8 Sandstone, hard, brown and coarse. 
1 .4 Shale, red, sandy, weather ing in i rregu lar p ieces.  

2 .4  Sandstone ,  argi l laceous,  laminated and loose, with m ica. 
0 .9 Sandstone ,  hard, red, w i th m i ca. 
0.2 Sandstone ,  flnely gra ined ,  arg i l laceous, with m ica. 
1 .4 Shale ,  red, sandy, with m ica .  
1 .0 Sandstone ,  red ,  laminated ,  wi th m ica. 
1 .7 Sandstone and sandy shale,  red , with m ica. 
1 .4 Sandstone ,  redd i sh-brown, partly hard , wi th m ica. 
1 .2 Sandstone ,  redd ish-brown and lami nated, arg i l laceous sandstone w ith mica .  
8 .5 Sandstones, parti y laminated, redd ish-brown. 
1.0 Sandstone,  hard, dark brown .  
0 .5 Sandstone ,  dark brown ,  laminated, w i th some mica .  
0.8 Sandstone, laminated, argi l laceous, wi th m ica .  
0 .6  Sandstone,  hard, dark brown ,  with m ica. 
0 .5  Sandstone ,  laminated, dark brown. 
0 .7  Sandstone ,  dry, l ight red, with some m ica. 
1 .3  Shale,  dark brown, sandy, wi th mica.  
1 .0 Sandstone ,  dark brown.  
1 .0 Sandstone, dry ,  br ick-red . 
0 .9 Sandstone ,  dark brown, knotted, and shale .  
1 .0 Sandstone ,  dark brown with m i ca. 
1 .8 Sandstone, dry, brick-red. 
0 .9 Sandstone,  l aminated, dark brown, w i th m ica.  
1 .3 Sandstone, dark red, hard. 
0 .7  Sandy shale,  dark red. 
1 .0 Sandstone, hard, dark red.  
1 . 0 Sandstone  and sandy shale ,  dark red, alternat ing.  
7 .0  Sandstone,  greyish-white .  hard.  
0.5 Shale, chocolate brown . 
0.5 Sandstone ,  greyish-white,  hard. 
O. l Shale, brown. 
0.5 Breccia with large p i eces of  grey sandstone i n  matrix of  l imestone .  

Th is  brecc ia  i s  shown i n  flg. I l .  I t  i s  m ost probably the base of  the M iddle

Carbon i ferous strata. 
1 .3 L imestone ,  grey, hard, partly sandy, and with agate and cavit ies with crysta ls 

of  calcite.  
1 . 1  Sandstone, arg i l laceous ,  partly red, partly green .  

l . S Limestone,  l i ght, t ight. 
0.3 Sandstone ,  red and green ,  argi l laceous.  



Thickness 
in metres 

GEOLOGY OF T H E  K I N GS BAY R E G I O N , S P I T S B E R G E N  

1 .0 Limestone, grey, tight. 
0.2 Sandstone, loose, green .  
1 .0 Limestone ,  grey. 
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The section is  he re cut  by a fault .  On the other side of the faul t  there is  
about 15 metres of  l imestone with chert  and corals, and above this grey cyatho
phyl lum l imestone .  

The vis ible part of the  thiekness of  the Devon ian sequenee up to 
the Middle Carbon i ferous strata i s  thus about 3 1 7  metres. H ow mueh 
m ore i s  situated be low sea-leve I i s  i mpossible to determine ,  but  I am  
inel ined to t h i nk  that i t  i s  only a sma l l  part of  t he  sequenee. 

The seetion  in  the erest of Brøggerfjel let was m easured by me in 
1 928. I t  was measured from the H ecla Hoek i n  the south to the 
Carboniferous strata to the north . The layers were m easured horizont
al ly along the  erest , and the figures obta ined were redueed i n  propor
tion to the dip .  

The base i s  made up of greyish-blaek and brown phyl l i te with 
som layers of  quartzite . The d ip of the  H ecla H oek seems  to be  about 
paral lei  to the  dip of the Devonian layers .  
Thickness 
i n  rnetres 

1 1 .5 Conglomerate w ith sandy matrix and q uartz pebbles of the size of a hazel-nu t  

and yel lowish-red  colour. Contai ns a l so  layers of dark  red ,  sandy sha le .  Shows 
also great deal of  s l ip-plan es. 

5.0 Shale, dark reddish-brown, sandy with laminated sandstone .  
9 .5  Conglomerate, same kind as above. 
1 .0 Shale ,  reddish-brown. 
1 .5 Conglomerate , alternating green and red, fine-grained,  sandy. 

2.0 Shale,  reddish-brown, sandy and laminated sandstone .  
0 .6  Conglomerate , redd ish ,  sandy matrix and quartz pebbles  with u p  to hazel-nut s ize . 
0 .5 Shale, reddish-brown. 
6 .2 Conglom erate , grey,  with sl ip-planes and some layers of  red shale in  upper part. 
5 .0 Shale, sandy and laminated sandstone,  all red.  
0.9 Conglomerate, l ight grey, sandy matrix and pebbles of white quartz o f  hazel-

nut  s ize .  
0 .6  Sandy shale, red . 
2 .0 Sandstone,  I ight-grey, and coarse and fine-gra ined conglomerate. 
1 .5 Sandy shale, dark brown.  
1 . 1  Conglomera te, l ight yel lowish-grey, with sandy matrix and pebbles  of  u p  to wal 

nut  size.  
1 .8 Shale ,  sandy, dark brown.  
2.0 Conglomerate and sandstone, grey, with sandy matr ix  and  pebbles of  up  to wal 

nut  s ize .  

2.4 Sandy shale ,  dark brown. 
1 .8 Conglomerate, redd ish-brown, with sandy matrix and pebbles of quartz of  hazel-

nut  size.  D ip  38 c N. 
1 . 2 Sandy shales,  dark reddish-brown. 
0. 6 Sandstone,  partly laminated, dark brown with yellow spots. 
0.5 Sandstone,  lam inated, argil laceous, dark brown with mica .  
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1 . 3 Conglomerate, hard, dark brown, with sandy matrix and smal l  pebbles of quartz. 

1 .3 Sandstone ,  partI y l ami nated, dark brown with spots in yel low. 
0 .6 Shale, sand y,  dark redd ish -brown. 

9 .0 Conglomerate, redd ish-brown, with sandy matrix and pebbles of  q uartz o f  up  to 
walnut  s ize .  

2.5 Shale and laminated sandstone  alternating,  a l l  dark reddish -brown with mica .  
4 .0 Conglomerate, same k ind  as above . 

0. 6 Sandy shale , dark red . 
4 .8 Conglomerate , same k ind  as above. 
5.2  Sandy shale,  dark red . 
1 .7 Sandstone,  laminated , dark red, wi th m ica.  
4 .8 Conglomerate, redd ish brown , with sandy matrix and pebbles of  q uartz of up  to 

walnut s ize .  

0 .6  Sandstone,  dark red ,  with mica  and lam inated . 

4 .0  Sandy shale and laminated, argi l laceous dark redd ish-brown sandstone .  

1 . 1  Conglomerate, dark red, fine-grai ned and sandstone of dark red co lour with 
yel low spots. 

2.3 Conglomerate, l ight yel lowish-red, wi th sandy matrix and pebbles of  white q uartz 
of  up to walnu t  s ize .  

3.0 Sandstones, laminated, dark red , with m ica and sandy shales.  
3.7 Conglomerate, wh ite ,  w i th masses o f  pebbles of  white q uartz up  to walnut s ize . 

Dip  33 " N .  

1 .8 Sandstone ,  dark redd ish-brown , lam inated, wi th m i ca ,  partI y argi l laceous .  
2.2 Sandstone and conglomerate, dark brown cross-bedded .  

2.6 Sandstone ,  dark redd ish-brown,  laminated, with mica  and partly arg i l laceous. 

I . l  Conglomerate , brownish-red , w i th pebbles of white quartz . 
1 .6 Sandstone, laminated , dark redd ish.brown, w i th mica. 

2 .3 Conglomerate, brown, sandy matrix, with m ica and pebbles of  quartz of up  to 
wal nut  s ize .  

1 . 1  Sandy shale,  dark redd ish-brown, with mica .  

8.0 Conglomerate, same k ind  as above and with some layers of  brown,  laminated 
sandston e.  

1.0 Sandstone , laminated, dark brownish-red and argi l laceous .  
0.3 Sandstone, dark brown,  coarse . 
0 .4 Sandstone,  laminated , dark brown . 
0 .3 Conglomerate and laminated sandstone .  
0 .9  Sandstone, lam inated, dark redd ish.brown , arg i l laceous and with m ica. 
2.7 Sandstone and  conglomerate, brown,  alternati ng. 
1 .0 Sandstone ,  arg i l laceous, l aminated, chocolate brown .  
3 .0 Conglomerate, chocolate brown wi th  two layers of  about  0 .5 m laminated, brown 

sandstone with m ica.  

0 .9 Sandstone,  lam inated ,  chocolate brown ,  arg i l laceous,  with m ica.: 
2.7 Conglomerate, chocolate brown and brown laminated sandstone with: mica, a l ter-

nating. 

0. 7 Sandstone, laminated, brown, argi l laceous with m ica. 
2 .0 Conglomerate, redd ish-brown with pebbles o f  quartz of up to walnut  size.  Dip 42° N .  
0.6 Sandstone, laminated, arg i l laceous ,  brown. 
5 .7  Conglomerate, red and coarser than i s  usua l  here . I n  upper  part some red shale .  

1 .7 Sandston e ,  laminated ,  red d ish -brown wi th m ica, par·t 1y argi l laceolls .  
2.2 Conglomerate, same k ind  as  above. 
0 .4  Sandstone, lam inated , brown, with m ica .  
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1 .2 Conglomerate, chocolate brown,  w i th  pebbles of  quartzites from the H ecla H oek 
formation . 

0.3 Shale ,  red. 

1.9 Conglomerate, sandy matrix with pebbles of  l ight quartz. 

2 .7 Sandstone, argi l laceous ,  and laminated, chocolate brown wi th a conglom erate bed 
i n the u pper part. 

3.2 Conglomerate, with sandy matrix and pebbles of  quartz and dolom ite from the 
H ecla Hoek formation of  up  to potato size.  

0 04 Sandstone ,  argi l laceous, red. 

1 . 4  Conglomerate, greyish-white ,  sandy matrix and quartz pebbles. Dip  35 8 N .  
1 1 .5 Sandy shale, chocolate brown with th in  layers of  sandstone .  
3 .2 Sandstone and  fine-gra ined  conglomerate, a l l  grey ish-wh ite. Dip  locally on ly  20 8. 
2 .5  Covered , probably red, argi l laceous sandstone .  

3 .2 Conglomerate and sandston e ,  greyish-white . 
3 .0 Sandy shale and  sandstone, dark brown,  conta in ing  much i ron-oxides .  

1 . 3 Conglomerate, greyish-wh ite, with sandy matrix and pebbles of white quartz of 
hazel-nut s ize .  

1 .0 Sandstone,  laminated, grey. D ip  28 " N .  
4 .3 Sandy shale  and sandstone ,  al l  redd ish-brown .  
4 .3  Quartz-conglomerate, greyish-white .  

4 .2  Sandy shale and sandstone, al l  dark brown .  
7 .5  Quartz-conglomerate, very  fine-gra ined of l ight  red  colour.  D ip  43 e N . 
1 .2 Sandstone ,  laminated, arg i l laceous, dark brown. 
2.0 Sandstone, partI y laminated ,  brown, with m ica. 
1 .8 Sandston e ,  grey and brown,  hard . 

1 0.0  Sandy shale ,  brown with m ica  and layers of hard brown sandston e  with m ica.  
2 .6  Conglomerate, brown and brown laminated sandstone .  
6 .3 Sandy  shale ,  brown alternating w i th  hard laminated sandstone  of the same colour .  

A l l  with m i ca. 
1 .5 Sandstone ,  brown , hard. 
6 .3 Sandstones, brown ,  hard, with mica ,  partly coarse, alternating w ith brown,  sandy shale 
1 .0 Sandstone ,  b rown,  laminated ,  with m ica. 

25.0 Sandstones wi th mica ,  laminated, argi l laceous sandstones, fine -gra ined conglomerates, 

a l l  brown alternating .  Partly calcite on  cracks. 
2 .0 Sandstone ,  brown, coarse, parti y laminated and with m ica. 

1 2.2  Sandstones with m ica, partly laminated and argi l laceous, and fine-gra ined  con
glomerates al ternat ing. 

7 .0  Conglomerate , redd ish-brown with sandy matrix and pebbles of white quartz of 
hazel -nut  s ize  and  m ica. 

2.4 Sandy shale, brown .  
1 .7 Sandstone and fine-gra ined conglomerate , brown .  
7 .5  Sandstone and  sandy shal e ,  a l l  brown and w i th  m ica, alternating. 

1 3 .0 Sandstone ,  brown ,  dry, with some layers argi l laceous sandstone with m ica.  
1 .0 I ron ore .  
004 Sandstone,  brown, laminated and dry. 
204 Sands tone ,  argi l laceous, shale ,  red and grey. U pper part grey, lower red. 

6.0 Conglomerate, mottled, partly with i ron ore as matrix. Also conta in ing  smal l  
layers of sandstone .  

1 0.0 Sandstone ,  r ed  and grey, d ry with sma l l  layers of conglomerate . 
1 .0 Sandstone ,  heavy with i ron oxides .  

1 .5 Sandstone ,  white .  
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2 .5 Sandstones and  conglamerates w i th  i ran oxides and sandy shales ,  aU brown. 
5 .8  Conglomerates, mott led wi th red sandy shale .  
2.0 Breccia of  grey l imestone .  Probably the base of M iddle Carbonifero us. 

1 2 .0 Conglomerates, red and ye l low l imestones alternating. 

L imestones o f  great th ickness. 

The sequences from H ecla H oek to the Middle Carbon i ferous 
measures 350 metres i n  Brøggerfj el l et ,  th is  figurere presenting the total  
th ickness of  the Devonian layers i n  Brøggerfj el le t .  In the crest south 
of  Zeppel infje l le t  the development and thickness of the Devonian sequence 
i s  about the same as i n  Brøggerfje l le t .  

The iron ore layers found i n  the upper part o f  the sequence of 
Brøggerfj el let ,  and which I h ave observed also i n  Zeppel in fje l let ,  
consist  of  hematite and l imoni te i n  sedimentary layers. One of  the 
richest samples was ana lysed by Sherdah l ,  who found 50 per cent .  Fe .  
The ore i s  o f  no economic  in terest .  

The red colour of  the Devonian strata i s  due to i ron oxides which 
are found i n  the cement of  the  rocks. The sed iments must  have been 
deposited in  a dry cl ima te ,  dur ing which also iron hydroxides were formed : 
The greater part of the rocks must have been deposited in  water, as they 
are very finely stratified ,  and show a frequent a l ternat ion of wel l  classi 
fied sed iments. The great amount  of conglomerates shows us that  the 
l ayers must to a great extent be beach deposits. As the  fishes found  
i n  these sediments have  been determined as ma in ly  fresh and brackish 
water forms,  i t  i s  very l ikely that the Devonian sed iments have been 
deposited in  an  isola ted basin during a desert c l imate .  The vegetable l i fe 
m ust have been very poor,  because no  plant  fossi Is a re found .  The i ron 
ore must have been deposi ted i n  lakes where the water conta in ing  i ron 
in  solut ion has evaporated .  I n  severaI conglomerates the cement  con
s ists of  hematite .  

With respect to th e age of  the Devonian strata on Brøggerhalvøya 
i t  i s  sti l l  doubtful whether they belong to the Wood Bay series 1 or  the Red 
Bay series, the la tter being of  Downton ian age. The lack of fossi ls ,  and the  
great percen tage of  conglomerates might  agree wi th  the Red Bay series .  
On  the other hand ,  i t  is  very probable that  i t  i s  the lower part of the 
Wood Bay series which i s  cropping out  h ere. As poin ted out  by 
H oltedah l ,  the Devonian must have been deposited in  a bas in to the  east ,  
and i t  may therefore be the oldest coarse beach deposits wh ich a re 
found on Brøggerhalvøya now. 

l The lowermost o f  the Devon ian in  Spi tsbergen ,  ly ing unconformably on  the  
Down tonian Red Bay ser ies .  
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Culm. 

Strata of Culm age have been found only at the sea west of  
Kiærfj el let .  N athorst ( 1 9 1 0) i s  the first to ment ion the occurrence o f  
Cu lm rocks he r e .  H e  supports h is  hypothesis on pieces of  rock 
brought home by Blomstrand and on his description .  Later on  the  
sequence has been examined and described by H oltedahl  ( 1 9 1 3) .  I 
v isited this place in  1 922 and 1 928, but d id  not undertake any detai led 
measurement  of  the  outcropping part o f  the sequence, nor  d id I find  
any fossi ls .  

The Culm strata are seen to rest  with a pronounced angular un
conformity on the H ec\a H oek m ica schist . Whereas the  m ica schist 
i s  dipping about 80 ° to the west ,  the Culm strata have an  easterly 
incl ination of about 1 0 °. The sequence is  made up of l ight and pure 
sandstones with beds of  shale and a coal seam .  Thus the rocks here 
are considerably d ifferent from the Devonian conglomerates and sand
stones  rest ing on  the H ec\a H oek farther  east ,  the latter conta in ing no 
organic coaly matter. Red conglomerates are also to be found in the 
section west o f  Kiærfj el let ; they ,  however ,  belong to the Middle Car
boniferous. From the sections E-F and G � H ,  pl .  V the posit ion 
of  the beds here may be seen .  In the  same way as i n  the lee Fjord .  
Bel l  Sound district the lowermost bed of  the Culm is  made up of  a 
l ight conglomerate with sandy matrix and pebbles of  quartz. U pwards 
fol low l ight ,  crossbedded sandstones with beds of conglomerates and 
red and grey shales ; and in the lower part i s  a coal seam interbedded 
i n  dark shale and coaly shale .  

During my short visits I found no  fossi ls ,  which seem to be rare in 
the  Culm sequence here, but  according to the appearance and occurrence 
o f  coal it can scarcely be doubted that the  sequence i s  of Culm age. 
The thickness hardly exceeds 1 25 metres. 

The coal seam had earlier been exposed i n  a p i t  near the hut 
bui l t  by the min ing company .  Th e pi t  is  situated only a few metres 
above the base of the Culm ,  but dur ing my visits i t  was fi l l ed  with 
ice, and thus I have not personal ly seen the coal seam exposed . 
According to i n formation given by Mr .  Peter S. Branda l ,  one of  t he  
d irectors of t he  company,  the  tota l thickness of  the coal and shale 
horizon was about three metres. In the upper part some good co a l  
had been found .  I took a sample  amongst the  best  coal pieces on the  
dump.  The  analysis made by Dr.  J .  Gram i n  the autumn of  1 922 gave 
the foJ lowing result : 

I n  pure eoal 

Moisture . . . . . . . . . . . . . .  0. 40 per cent .  
Ash . . . . . . . . . . . . . . . . . .  33.90 " 
Coal substance . . . . . . . . .  65. 70 
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Sulphur . . . . . . . . . . . . . . .  8 . 1 4  per  cent .  
Coke . . . . . . . . . . . . . . . . .  82 .70 
Volat i le matter . . . . . . . . .  1 6 .90 
Gross calor ific va lue . . . .  5394 ca ls .  
N et ca lor ific va lue . . . . .  5222 

" 

In pure eaal 

74.25 
25 .75 

Contents of crude o i l  by low-temperature d ist i l la t ion was 5 .2  per cen t .  
Pieces o f  coa l  which I tr ied to burn in  the stove of  t he  hu t  were so 
r ich in ash that  they reta ined the ir  form also after they had been burned . 
These coal s  a re th us of  qu i te an other type than the coal on  the Tert iary 
field, and must a lmost be regarded as valueless because o f  the h igh 
content of  ash .  From the content o f  volat i le  matter i n  pure coal  they 
must be classified as coking coal (Fettkohlen) .  The greater part of  the 
coal  seam m ust be made up of coaly sha le  and  bony coa ! .  

Middle Carboniferous. 

The Carbon i ferous strata in Spitsbergen are developed in the same 
way as the  Russian deposits of that  age ,  and accordingly the Russian 
designat ions have been used in Spitsbergen .  The l i t toral facies deposited 
during the fi rst subm ersion o f  the land i n  post-Cul m  tim e  h ave been 
separated as a specia l  stratigraph ic  divis ion belonging to the Midd le  
Carboniferous .  I n  Central Europe the  synchroneous deposits are in
cluded under the  U pper Carbon i ferous system .  The  term Middle  Car
boniferous has not  been adopted here ,  because the  deve lopment  i s  
qu i te  another .  The  fi rst to cal l  at tent ion to the Midd le  Carbon iferous 
fossi ls  at Kings Bay was j .  G .  Andersson ( 1 909) . He found a Spirijer 
Mosquensis Fischer from Kings Bay i n  the  Stockho lm Riksmuseum .  
Th is i s  a guide fossi l  o f  the Russian Moscovian .  I t  was, however,  
Holtedah l  ( 1 9 1 1 and 1 9 1 3) who during h is  work on Brøggerha lvøya 
found this fossi l  in situ and po in ted out that this substage with 
certa in ty occurs on the peninsu la .  He gathered about 40 species of  fossi l s ,  
and has  g iven a detai led descript ion both of  the fossi ls as wel l  as  of  
the  sequence .  Amongst the  fossi ls the corra ls ,  productus,  and spir i fe r  
species are  predominant . 

As  mentioned above ,  the Midd le  Carboniferous strata have been 
deposited during the submersion of  the land after the end o f  the Culm 
period . Before the submersion took p lace  the  l and h ad been eroded 
down during a long period ,  and for th is  reason the  Middle Carboniferous 
strata now rest with a non-evident uncon formi ty on the Devonian to 
the east and the Culm to the  west .  No twithstanding th is  l ong  
per iod of  denudation the strata o f  the  l atter systems had an a lmost 
horizontal  posit ion when submers ion began .  Accordingly the Middle 
Carbon i ferous strata and the under ly ing older rocks have an a lm ost 
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paral le i  bedding ,  and  thus the unconformity can hard ly be not iced in  
i n  the  Re id .  

The  fact that  the  Midd le  Carboniferous strata are res t ing on Culm 
to the west  and Devonian to t h e  east is  due  to an o ld l ine  o f  d is
l ocation through the  peninsula a long wh ich the western part has been 
th rown down in l ater Cu lm .  For this reason the Culm layers have 
been preserved west  of  the  old fau l t  l ine .  

The l owermost beds of  the Midd le  Carboniferous are l i ttoral deposits 
made up of  a l ternating conglomerates and l imestones .  These conglomer-

Fig. 1 1 . Block from the lowermost Midd le  Carbon i ferous 
bed i n  the c l iff  north of Schetel igfj el let .  

A.  K .  Orvin phot. 23/8 1922. 

ates a re more or less calcareous and d iffer on ly in th is  respect from 
the  Devonian conglomerates. They are made up o f  Hec1a H oek and 
Devonian rocks cemented by l imy matrix, and have preponderat ingly 
a reddish colour .  I n  the western part of the sequence north of  Schetel ig
fj e l le t  there occurs a breccia of great angular p ieces of  sandstone  and 
l imy  cement .  This breccia certa in ly represents . the l owermost bed of  
the Midd le  Carboniferous and  a h iatus must ex is t  between i t  and  the 
underlying beds .  I t  must h ave been formed th rough the  upbroken rock y 
su rface hav ing been cemen ted by the precipitated l ime .  I n  t he  o ther  
places where the  lowermost beds of the Midd le  Carboniferous are  ex
posed I have placed the l ower l im i t of th i s  sequence at the lowermost  
l imy  beds of cong lomerates, wh ich h ave about  the  same stratigraph ic  
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posit ion as the above  mentioned brecc ia ,  and they  must thus belong 
to about the same horizon . 

The upper part of the  Midd le  Carbon i ferous is made up of  marine  
l imestones contain ing abundance o f  corals and  brach iopods ,  etc. They 
are nerit ic fac ies settled i n  sha l low water .  The upper l im it is d i fficu l t  
to determine, as  the l imestones upwards have been deposited unbroken 
in  con nection with th e  th ick and monotonous U pper Carbon i ferous 
cyathophyl lum l imestone .  For this reason they have been put into the 
map together .  

H oltedah l  g ives a deta i led description of  the fossi l s  a s  wel l  as  
of  the stratigraphica l  condit ions ,  and I refer  to h i s  works concern ing 
these matters. The fossi ls have part ly been si l ic ified , and consequent ly 
one may find pret ty specimens ,  especia l ly  of cora l s ,  protruding out of 
the  l imestone ,  which has been dissolved around them . 

The Middle Carboni ferous strata h ave not been proved to exist  in  
the southern part  of  Spitsbergen ,  and Hol tedah l  i s  therefore inc l ined 
to th ink that  the submersion of the l and  in  Middle Carbon iferous time  
took place from the  north, and t h a t  t h e  submersion d i d  not reach t he  
southern part un ti l  the U pper Carboni ferous t ime .  As Midd le  Carbon i
ferous strata also exist in  Bear I s l and ,  the southern part o f  Spitsbergen 
must in  th is  case have forrned an  island or  peninsula with a Middle 
Carbon i ferous sea both on the northern and southern side.  Considering 
that  the Middle Carboniferous in  Middle Europe and Moscow- U ra l  is  
o f  marine origi n ,  the sea m ust , as  a lso pointed out  by j .  G .  Andersson 
( 1 900) , broadly speaking have transgressed from the south. The Middle 
Carbon i ferous strata i n  Bear I sland have a far greater th ickness than those 
in Spitsbergen ,  which also m ust be due to a more extended period of 
deposit ion . It is  thus bel ievable tha t  the Sea had reached Bear I sland 
whi le  the den udat ion was sti l l  i n  progress a t  K ings Bay.  Persona l ly  
I a m  not  qu i te  sure tha t  the  Middle Carboniferous is  miss ing i n  the  
a rea  between the I ce F jord and Bel l  Sound .  Duri ng  the  m apping i n  
1 925 south of  the  mouth of  t h e  I ce Fjord ,  I n oticed some  r ed  layers 
a t  the base of  the Cyathophyl lum Limestone conta in ing beds of  con
glomerates exactly l ike those in Bear Is land and Ki ngs Bay. It was, 
however, d i fficul t  to find  any exposed sections and I thus found no  
fossi ls .  Of  course these beds may a l so  be younger ,  on ly  marking the  
transgression of the sea  i n  U pper Carboniferous time .  

U pper Carboniferous. 

The first to men tion the great series of  l imestone on Brøggerha lvøya 
was Blomstrand  ( 1 864) p .  27) ,  yet without any determinat ion of  their 
age . Amongst the fossi ls gathered by B lomstrand a t  Kvadehuken , 
NordenskiOld found Eomphalus and Cyathophyllum and accord ingly  he  
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drew the conclusion that the l imestone  belongs to the " Bergkalk" form
at ion . In 1 907 H oel  ( 1 9 1 4) vis i ted Brøggerhalvøya, and he noticed both 
the cyathophyl lum l imestone and the u nderlying sandstones and con
glomerates. H oltedah l  ( 1 9 1 1 and 1 9 1 3) ,  however, was the fi rst to make 
a c lose exam i nat ion of  these beds in  1 909, 1 9 1 0  and 1 9 1 1 .  He has  
given an  exact description  of  them i n  h is  papers, to  wh ich I refer .  

The sequence i s  made up of  l imestones with dolomites i n  the lower 
part, and beds o f  chert, l imestone ,  s i l iceous shale ,  and partly shales i n  
the upper part .  The lower non-si l iceous part has i n  Spitsbergen been 
named Cyathophyl lum Limestone ,  and the upper part ,  represent ing the 
uppermost layers of  the Carbon i ferous system , Perm o-Carbon i ferous. 

C y a t h o p h y l l u m  L i m e s t o n e . 

The Cyathophyl lum Limestone i s  made up i n  cont inuat ion with th e 
Middle Carbon i ferous beds, on  which they rest con formably ,  and consists 
o f  a fai rly un i form series of  l imy rocks. The total t h ickness inc lud ing 
the Middle Carbon i ferous strata i s  about 450 metres. The whole  
sequence is of  mar ine origi n ,  and accord ing to Tschernyschew it  
corresponds to the Timan-U ral Cora horizon and partly to the  O m
phalostrochus layers i n  Russia .  I t  was N ordenski6ld who named i t  
Cyathophyl lum Limestone .  This name does not  i ncJude any petro
graphical un i t  y ,  the sequence being composed of layers of  d ifferent 
development and appearance .  N athorst observed l imestone  with vugs 
and stylol ithes i n  the lower part of  the sequence. I also n oticed l ime
stone  with vugs in the cl iff near Kvadehuken , but the bed in quest ion 
m ust be of  Middle Carbon i ferous age .  In some layers a great dea l  o f  
fl in t  y concretions  and  lumps w i l l  be found ,  and  i n  the lower part also 
a horizon contain ing jusulina occurs. The bed conta in ing  this fossi l  is 
accord ing  to H ol tedah l  fou r  metres th ick. The fusul ina  l imestone  also 
conta ins  asp hal t  and is  supposed to have been formed as sapropel in 
sal ine or  b rackish water a t  a depth of  max imum 60-80 metres, at  which 
depth fusul ina l ived together with m icroscopical algæ which constituted 
their food.  The content o f  asphalt originates from these algæ. In the 
upper part o f  the Cyathophyl lum Limestone there are very few fossi I s .  
The h ighly fossi l i ferous Spir ifer  Limestone wh ich caps the Cyathophyl lum 
Limestone i n  the I ce F jord d istrict, has n ot been found  at  Kings Bay .  
The  Cyathophyl lum Limestone i s  successively fol lowed upwards by  the 
Permo-Carbon i ferous fl in t  y layers. 

Gypsum ,  wh ich occurs in the Ice Fjord-Bell Sound area, does n ot 
appear at Kings Bay. This  may perhaps be i ndicative of an  exist ing 
shore development  in the centre of  Spitsbergen when there was a l ready 
deeper sea to the  north . This fact may thus confirm the supposit ion 
that in the central and southern part of  Spitsbergen there was land i n  
Middle Carbon i ferous t ime .  
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Some layers o f  the  Cyathophy l lum L imestone are  o f  a rather  
i rregu lar  com posit ion and g ive  r i se  to the m ost odd-Iooking erosiona l  
forms ,  part ly resembl ing  porous l ava .  Rock pieces eroded i n  th i s  way 
are found  in great masses in the i nner  edge of  Kvadehuksletta . These 
erosional  forms are due to the i rregular  d istribut ion of  the si l  iea content 
of  the l imestone . The  fl in t  y lumps are o ften made up o f  concentrica l ,  
t h in ,  a I ternat ing l ayers of  l imestone  and c hert ,  and when exposed to  
t h e  dissolving activity of  the  water the  l imestone l aminæ wi l l  be part ly 
removed , and the l umps  wi l l  assurne the appearance of  severaI egg
shel ls  having be en put concentrica l ly in to each o ther  .

. 

The extens ion of  the  Cyathophyl lu m  L imestone  wi l l  be seen fro m  
t h e  map .  Along t h e  southern shore o f  K ings B a y  i t  erops o u t  with a 
south-westerly d ip .  I n  Schetel igfje l le t ,  wh ich is m ostly made up of  th is  
rock ,  the  strata d ip 1 0-20 " to the  west. In  Kiærfje l let ,  Brøggerfj el le t ,  
and Zeppel infj el le t  the  d ip is varying and mostly steep. 

Where the c1 iff  is  made up  o f  cyathophyl lum l imestone  one wll I 
notiee, as a l ready m ent ioned under the description  o f  the coast ,  coves and 
s ink-hoIes .  B lomstrand  points to the  fact tha t  n o  dropstone is  found 
i n  th ese coves ,  and h e  suggests that  th is  may be due to the  smal l  
quantit ies of  c irculat ing water  i n  the rocks of  Spitsbergen .  Th is  may 
a l so  be the  case  with the  cavit ies wh ich  are  protected aga inst the  d is 
solving acti v i ty o f  the sea ,  but in  the coves of  the e l i  ff one may as a 
m atter of faet not expect to find  any calcareous s inter ,  as these coves 
are permanent ly l a id  open to the erosional  acti v i ty of the sea .  

P e  r m 0 - C a r b  o n i f e  r o u  s .  

The  Permo-Carbon i ferous strata is the uppermost part o f  the  U pper 
Carbon i ferous series .  From a petrograph ical point of v iew they d iffer  
from the cyathophy l lum l imestone i n  tha t  the rocks are  com posed of  
chert ,  s i l iceous sha les  and  strongl y s i l iceous and hard l imestones .  On 
the top th i s  ser ies i s  capped by a glaucon it ic sandstone  with beds 
and l umps of ehert .  Th is  series is rieh in  fossi l s ,  especia l ly braeh iopodes 
bryozoes and cr inoid sterns .  The  fossi ls a re usual ly strongly s i l ic ified 
and are so fi rmly attached to the  rock that  i t  i s  d i ffieul t  to separate 
them from it .  

Aceord ing to Tschernysehew the Permo-Carbon i ferous i n  Spits
bergen is eontemporaneous with the Artin sk ian stage in U ra I ,  and is 
by severaI geologists transferred to the Perm ian .  

Some fossi l s  may be found e roded out  of  the rock i n  a very fine 
way .  Th is  i s  especia l ly  the  case  wi th  cora ls ,  h al ichondr ia ,  produetus, 
and spir ife r  species. 

The total th i ekness of  the Permo-Carbon i ferous strata i s  about 
250 metres ,  eonsequently i t  i s  eonsiderab ly sma l l er  than in  the sect ion 
a t  Kap Starostin on the south s ide of  the entranee to the lee  Fjord , where 



GEOLOGY OF T H E  K I N G S  BAY R EG I O N , S P I T S B E R G E N  47 

I have made a very deta i led measurement  of  the sequence and found  
the thickness to be 388.5 metres. The sequence is  rather un i form with 
a frequent a l ternat ion of  t ight beds of chert or fl i n t  y l imestone wi th  
beds  of  black, si l iceous sha les  and some beds  of shales and  pure  l ime
stones.  The colour is grey, yel lowish ,  and partly b lack .  The upper 
chert-bearing sandstone is  green .  This  sandstone I d id no t  notice in 
the section  at  Kap Starostin ,  but I observed i t  on  the south side of the  
Sassen Fjord i n  1 925, a l so  here as the uppermost par t  of the Perm 0-
Carboniferous sequence. The th ickness was about 40 metres. It was 
also observed by WiIlander and Nathorst at  Skans Bay as early as 
1 870. This glauconit ic sandstone is thus doubtless the uppermost U pper 
Carbon i ferous bed ever deposited in Spitsbergen .  The th ickness at  K ings 
Bay i s  also about 40 metres: This fact seems to prove that the U pper 
Carboniferous series had sti l l  their ful l  th ickness a t  Kings Bay when 
the n rst deposit ion of  the Tertiary to ok  place .  The reason why th is  
sandstone is  m issing at  the  outer part of  the lee Fjord i s  unknown .  

The whole  sequence is  of  mar ine  origin , n eritic and pelagic 
facies deposited i n  a sea with a depth o f  maximum 300 metres. It is 
partly built up  of an imals and an imal  remains ,  or  settled in a chemical 
way ; they are partly transported, mechan ical sed iments .  Accord ing  to 
statements by G.  H. H inde the compact beds of  chert a re partly m ade 
up  of  skeleton fragments of  hal ichondria ,  whereas the shales i n clude 
grain s  of  quartz .  

Tertiary. 

Tertiary rocks occur only on the coastal plain between ScheteJ ig
fj el let and Lovenbre N o. l on  the northeastern side of Brøggerhalvøya . 
From the maps i t  wi l l  be seen that the Tertiary neId does no t  reach 
the sea at  any point, the a rea along the shore being occupied by cya
thophyl lum J imestone and Permo-Carbon i ferous chert .  

The Tert iary beds are resting unconformably on Permo-Carbon i ferous 
chert and glaucon i t ic san dstone.  This unconformity, however,  i s  not 
di stinctive i n  the neId ,  because the beds be longing to the two d ifferent 
formations are nearly paral le I ,  and because the outerop of  the un
con formity is everywhere covered by loose materia l .  

The lowest part of the  sequence i s  made up o f  a shale horizon ,  
i n  wh ich  Blomstrand found nsh fossi ls wh ich  he thought  were too 
badly preserved to be determined .  Th is  shale might be Cretaceous ,  and 
accordingly i t  i s  perhaps not quite correct to say tha t  the Tertiary is  resti ng 
d i rectly on  the Permo-Carboniferous. Blomstrand  considered the th ickness 
of  the shale horizon to be about 250 feet  in the eastern part of  the a rea .  
As the thickness of th is sha le series to the west i s  on ly  trifl ing  and  
the age very doubtfu l ,  I wll l dea l  w i th  i t  i n  connection w i th  the  Ter
t iary l ayers ; the more so, because I have not  been ab le to Rnd  any 

4 
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t race of  Cretaceous fossi ls and doubt  that  th i s  series ,  especial ly the  
upper  par t  of i t ,  belongs to the Cretaceous system .  

The  lowermost part o f  the sha le i s  part ly exposed as a brecc ia  
wi th angular b i ts  of  ehert  and th in layers of  l imestone. Th is  stratum 
is  quite th in and is  not  found everywhere. At severaI poin ts the l im i t  
between the  sha le  and the underlying chert and sandstone i s  very sharp .  
The Permo-Carboniferous rock has  thus partly been uncovered before 
the deposition of  th e shale, and partly been covered by rock fragments .  
I f  the sha le  had been of  marine or ig in one would ,  without doubt ,  have 
found a conglomeratic bed a t  the bottom of it , ind icati ng the trans
gression of  the sea. Such a conglomerate I have found only in  the 
western m ost part of  the field, but here the shale has wedged out and 
the conglomerate is  the bottom bed of  the sandy Tert iary beds .  This  
conglomerate bed is  loea l ly  developed and probab ly younger than 
the shale .  

The shale above the green ,  glauconit ic sandstone in  Pit 44 proves 
under the m icroscope to be a calcareous shale con ta in ing some angular 
gra ins of  quartz with a d iameter up to 0.2-0.3 m i l imetres. Smal l  flakes 
of  m ica and black figures of  coaly substance are seen i n  a l ight  grey 
substance. A smal l  fissure fi l led with secondary calcite i s  also seen i n  
t h i n  section . 

Also the sha le n ine metres below the Ester Seam ,  Pit 45 ,  is h igh ly 
calcareous wi th some gra ins of quartz . 

I n  the upper part o f  the  sha le  horizon another conglomeratic rock 
appears . This rock i s  quite singular .  The matrix consists o f  sha le ,  and in 
this shale great masses of  partly angular and partly rounded bits o f  green 
claystone and sha le occur, of the kind found farther  down in  this series. 
Only in  some sect ions have I found pebbles åf  chert i n  this conglo
merate. 80th the conglomerate and the shale and claystone soon dis
in tegrate when exposed to weathering. For th is  reason these l ayers 
are hardly anywhere visible on th e  surface . Only in  some brook cutt
ings they may  be observed ; everywhere else the subterraneous outerop 
is  hidden by a thick cover of residual  soi l .  

The series of  shales ,  claystone, partly aIso marly  claystone and 
conglomerates, which together m ight be term ed the Bottom Shale, has 
its greatest th ickness to the east and p inehes out  to the west .  At 
Anneksjonshytta the th ickness is  above 50 metres, in  borehole 5 i t  
was about 25 metres, i n  boreholes 2 and 3 near Tvi l l ingvatna 1 3- 1 4  
metres, and i n  bore hole 4 on Leirhaugen 1 0 metres. At  Skjerva the 
th ickness i s  on ly  trifl ing. The shale-forming clay  has here origina l ly 
been deposited in an  upbroken surface of  chert, and accordingly the 
bottom bed has  a breeciated appearance. In the eastern part o f  Lagune
feltet the shale i s  m i ssing, and the Tertiary basal bed is a rather coarse 
conglomerate. It is  possible that  this conglomerate represents a part 
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of the shore l ine belonging to a basin in whieh the l owest Tert iary sedi
ments h ave been deposited .  

That the Bottom Shale has  been deposited i n  a lake or perhaps a lagoon 
may be eonel uded from the faet that the development  d iffers greatly 
i n  horizontal extension .  Thus the alternation of the  conglomerates and 
shales varies very m ueh in  the  d ifferent cross seetions obtained .  Whereas 
i n  some of them green and brown sha le make up the sequence,  red 
shale i s  in others found to be the prevai l ing rock, as is  the case in 
borehole 3. These red shales are certa in ly made up  of  material deri ved 
from the red Devonian l ayers. The explanation seems to be that the 
shales and conglomerates must have been deposited i n  rathe r  qui 
escent  water, where the material , which has  been transported h i ther by 
the rivers and brooks from d ifferent rock areas, has been deposited 
near the outlet of the respective streams .  

As the land surface surrounding the present Tertiary fie ld  a t  the  
entrance of the  Tertiary period consisted of U pper Carboniferous rocks ,  
the Devonian material must  have been transported far from the north ,  
where this formation at  that  t ime must  h ave been exposed.  This  fac t  
confirms the supposit ion of  De Geer tha t  the denudat ion i n  Cretaceous 
time reaehed down to the H ecla Hoek rocks in the northernmost part 
of  Spitsbergen .  

T h e  claystone pebbles in  t h e  conglomerate must have been derived 
from the underlying sha le and claystone in  the  immediate ne ighbourhood.  
There i s  no  older rock with such an appearance. I t  may therefore be 
suggested that  the shales and claystones under the eonglomerate horizon 
now found i n  the eastern part of  the fie ld are considerably older than 
the  eonglomerate hor izon and belong to the Cretaceous system ,  whereas 
the claystone conglomerate constitutes the bilsal bed of  the Tertiary. 
The great resemblance between the lower and the upper part of the Bottom 
Shale  in  this case must be due to the upper part being made up of 
m aterial derived from the lower part .  In this case there i s  a lso a strati
graphical break under the conglomerates. Th is  explanat ion I consider 
to be a very l ike ly one ,  and i t  may also give us the clue to Blom
strand's find ing  fish she l l s  i n  the  lower Iy ing  shales i n  the  eastern part 
o f  the  fie ld ,  where these layers were then far better exposed than 
during my v is i ts .  Between the claystone eonglomerate and the over
Iy ing Tertiary beds i t  is  quite impossible to detect any uncon formity .  
On  the other hand,  the Ester Seam i s  resting absolutely conformably 
on the underlying sha le .  

We shal l  now deal with the establ ished Tertiary sequenee Iy ing 
above the Ester Seam .  I t  was very d i fficult to draw up a close strati
grafical section of  this sequenee, un ti l , through the deep-dri l l ing i n  
1 928, we  got exact cross sect ions th rough t he  lower part of the series 
at severai points .  From borehole 4 on Leirhaugen (see p .  90 and pl .  V I I ) 
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we have got a eontinuous and detai led seetion from 45 m etres above 
the Agnes-Otel ie Seam down to the U pper Carboniferous ehert .  It m ay 
be regarded as a normal  seetion of  the  lower part of the sequence on 
Vestfeltet . The other dr i l l - Iogs wil l  show the development on the Vestre 
Centerfel t  and Agnesfeltet .  From the upper part o f  the sequence we 
have no such detai led section .  

Concern ing deta i ls ,  I refer to pl . VI I  and the descript ion of  the 
dri l l  reeords .  

The l owermost par t  of  the Tertiary resti ng on the Bottom Sha le  
is a 20 to  40 metres th ick series of  sandstones, sha les ,  and their 
transit ional rocks ,  and include severaI  eoal seams .  As wil l be seen from 
the dr i l l  records the development var ies  somewhat i n  the d i fferent  
sect ions .  In  th is  series, which m ay be cal led the Lower Coal  horizon ,  
the most im portan t  coal seams  are found ,  v iz .  from below : The Ester 
Seam ,  the Sofie Seam ,  and the Advokat Seam . From east to west the 
num ber of seams  decreases. This is  a lso ,  broad ly speaking, the case 
with the th ickness of  the single seam .  

As  wi l l  b e  seen from the  dri l l  records the Ester Seam rests eve  ry
where on the Bottom Shale .  For this reason one is  led to bel ieve 
that i t  i s  the Ester Seam which is found as  the lowermost eoal sea m in 
pit  35 in  the Olsen Mine, and that i t  is the Sofie Seam on  which this 
mine was worked . I have also in  the descriptio'1 of  the coal sea ms 
fol l owed th is  scherne .  On  examinat ion of  the rocks belonging to th is 
horizon,  under the m ieroseope, I have ,  however, found resemblanees 
between the rocks oJ the hanging and foot wal l  of the Ester Seam and 
the ma in  seam in Olsen Mine ,  wh ich real l y  makes me doubt whether 
th is seam is  not  the Ester Seam .  I have only seen the rocks from the 
Olsen Mine on the refuse dump, as the mine was then inaccess ib le ,  
and  accord ingly i t  i s  very d i fficul t  to p lace the rocks exam ined from 
the refuse in  the m ine  sections measured by Sherdah l .  J f  the main 
seam in Olsen Mine rea l ly  is  the  Ester Seam ,  I consider i t most prob
able tha t  the seam in  pit  35 belongs to the same horizon ,  and that  the 
layers have in  some way been repeated by th rusting. Th is  is a possi
b i l i ty which I wi l l  not  omit  to po int  out .  

I n  some of  the rocks belonging to the  Ester horizon I found great 
masses of  smal l  tubular s i l ici fied fossi ls with a d iameter of abt .  0 .03-0.06 
mi l l imetres and 0.2-0.4 mi l l imetres in  length . I though t they m ight 
be si J iceous algæ , and sent two th i n  sections conta in ing these fossi ls to 
Dr .  Hans Frebold ,  Greifswald .  In a letter he  confirms the supposition ,  and 
says that Dr. R ichter  a t  the Institute i n  Greifswald has pointed out  
that  severaI forms of  these fossi ls  are to be seen in the sections .  
A c Joser determinat ion has not  been made,  and i t  wi l l  perhaps be 
d i fficult to state whether these fossi ls are mar ine or  freshwater forms .  
They have  been  observed i n  the foot wa l l  o f  the Ester Seam in  pit 
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34 on Kolhaugen ,  but only i n  the hanging wal l  o f  the Ester Seam in  
the same p i t  a re  they found i n  abundance i n  a dark  brown s i l tstone. 
Also in  som e rocks on the refuse dump at Olsen Mine I have found 
j ust the  sam e  rock with masses of  these fossi Is ,  but I do not  know 
whether this rock origi nates from above or below the main seam here.  

In the rock forming the foot wal l  of  the seam i n  Olsen Mine 
I could find no  such fossi Is .  A sample  taken at  the bottom of the  rise 
36 contains  much l ime  and gra ins of  quartz i n  a dark matrix contain
ing coaly su bstance, and it closely resembles the rock forming the 
foot wal l  of  the Ester Seam in  p i t  45.  

The rock contain ing the fossi ls in Olsen Mine is  a sandy shale 
with angular quartz gra ins with a d iameter up to O. l mil l i  metre and a 
matrix of a brown , partly pel lucid substance, which under crossed 
n iccols is  black. The brown colour is  certa in ly  due to i ron  oxides and 
also coaly substance. The fossi ls occur i n  abundance. 

Other samples from the refuse do  not contain such fossi I s ,  but  are 
more or less coarse and also contain mica and pyrites. 

In a sandstone lowermost i n  the sequence west o f  Skjerva I have 
also noticed these fossi Is .  

U pwards i n  the section I h ave found no  beds conta in ing s i l iceous 
algæ as a part o f  the rock , but i n  some beds of  sandstone and congl o 
merate there are included grains and pieces of  the rock conta in ing fossi ls .  

In the four metres of  sandstone in  rise 36 in Olsen Mine some 
gra ins of  rock consist ing mostly of these fossi l s  are found .  The sand
stone i s  otherwise made up of gra ins of quartz, mostly rounded and 
with a d iameter of  0 .2�0.3 mi l l imetres .  The m atrix i s  b lack to blackish 
b rown and i s  certa in ly of  organic origin .  Sma l l  flakes of  m ica and smal l  
p ieces o f  cha lcedony, which may be o f  fossil i ferous origin ,  are a lso seen . 

The uppermost rock in  which I have seen these fossils i s  the 
smal l  conglomerate abt .  0 .5  m etres above the Advokat Seam .  I t  i s  very 
characteristic and made up  of  pebbles of  quartz of up to one centimetre , 
angular bits of quartz, and brown pieces of shales .  These pieees eontain 
great masses of s i l iceous algæ, and are certa in ly  deri ved from the lower 
bed.  The matrix is  part ly made up of  pyrites .  

The faet that  the sandstone and conglomerate contain pieces of the 
lower Iy ing fossi l i ferous sha le  show us that there must h ave been a 
rather long break i n  sed imentation in t he Sofie horizon or thereabouts, 
sufficient  to form rock , which by erosion has a fforded ma teria l  for new 
sedimentation . That th is l and ,  wh ich has partly been exposed to e rosion 
and partly overgrown with wood or overflown by water, shows a se
quence wi th alternat ing short periods of  sedimentat ion and erosion of 
i rregul ar extens ions ,  is  not more than could be expected .  To trace 
these i rregularit ies i n  a sequence conta in ing sim i l a r  rocks and fossi ls 
is ,  however, very difficult .  
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SiJ iceous algæ l ive in  bo th  fresh and sa J ine water, and it would 
of course h ave been of  gre at in terest to know i f  the  forms occurring 
in the Ester horizon belong to the one o r  the other kind. This might 
perhaps be dec ided by a specia l ist , but j udging from the  rock itse l f  
I should th ink i t  fa ir ly certa in that they have J ived in  fresh or  brackish 
water .  The rock contains too much  coaly substance and is too i rregu larly  
deposited to be of mar ine  origi n ,  bu t  i t  m igh t be a l agoon deposition .  
As,  however, no  marine fossi ls are found in  th is sequence ,  i t  does not  
seem very p ro bable that there should have been sea at  Kings Bay at 
a t ime when there is no  certa inty of  its having existed farther  south . 
The lowest marine mussels i n  the l ee Fjord district a re found above 
the coal horizon,  and the Ester Seam is s i tuated at  the bottom of  i t .  

We return to the section above the  Advokat Seam .  
U pwards fol lows a fair ly un i form , about 70  metres thick,  sandstone 

series with some layers of conglomerate .  Al l  these conglomerates con
tain pebbles o f  Permo-Carboniferous chert in  sandy matrix. I t  appears 
to be main ly made  up of material belonging to th is  system .  On  the 
top of th is  sandstone ser ies ,  which l term the Light Sandstone ,  comes 
the  Agnes-Otel ie Seam, overla in by a conglomerate severai metres th ick . 
Also below the coa l seam ,  beds of  conglomerates are seen in  severai 
p laces. The pebbles of  these conglomerates consist of  chert and quartz, 
are very finely rounded, and of about hazel-nut s ize .  

The uppermost part o f  the sequence is  m ade up o f  green and 
greenish-grey sandstones and l aminated sandstones ,  inc luding a few 
horizons with sha le  and coal seams .  The greatest th ickness of this 
series , which l term the Green Sandstone ,  is  found on Vestfel tet, but 
i t  is  very d i ffl cult to fix ; l should estimate i t  to amount  to about 
1 00 metres. 

In the Green Sandstone on østre Centerfel t  we find the j osefine 
Seam about 20 metres above the  Agnes Ot i J ie  Seam and the Ragnh i ld  
Seam about  35 metres above the  j osefine Seam .  

The sandstone above the  Ragnh i ld  Seam is  very s im i l a r  to the 
sandstone above the seam K B ! .  The quartz gra ins with a d iameter of 
up  to 0 .5 mi l l imetre , constitute about one-th i rd o f  the  rock .  Many gra ins 
o f  finegra ined quartzites, shales ,  weathered feidspar ,  and fragments 
o f  marble are also seen .  Round the lat ter is  found secondary calcite. 
The rock is  weathered and brown from the oxidis ing of pyrites. 

Whereas i t  is d i fflcul t  to find any fossi Is in  the  Ligh t Sandstone, 
the  shales and sand y sha les of the Green Sandstone are very rich i n  
fossi l s .  Thus  the  l i gh t  grey shale in  the hanging wa l l  o f  j osefine Mine 
is  high l y  fossi l i ferous. This  is  part ly aiso the case wi th th e shales near 
the Ragnh i ld  Seam. The most prominent am ongst the fossi Is are wel l  
preserved leaves of  fol iage trees. 
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No marine fossi Is have been found in the Tertiary beds a t  Kings 
Bay , and  aeeordingly no marine  transgression appears to have taken 
p laee i n  the spaee of t ime represented by the sequenee now existing. 
The development and thiekness of  the eoa l  seams  ind ieates a lso that 
the vegetation a t  Kings Bay must have been far more d iversified in 
the  horizontal as wel l  as in  the vertieal d ireetion  than is  the  case 
in  the lee Fjord-Bell Sound area. I t  a l l  seems  to be eonsequent 
upon the great rise of the land in  the northern part of  Spitsbergen in 
Cretaeeous t ime.  

The l ee Fjord-Bel l  Sound area m ust, during the ear l ier Paleoeene 
age , have been a great lowland near the sea-level covered at in tervals 
with extensive forests, wh ieh at d ifferent  brief periods have been sub
merged and eovered with sediments partly marine .  The Kings Bay 
a rea ,  however ,  m ust at that t ime have been situated farther in land 
more elevated, and the vegetation now forming the  eoa l  seams m ust h ave 
been eonfined to rather I imited basins of  moors and swampy forests. 

The Tertiary beds at Kings Bay, the thiekness of  whieh amounts 
to about 200 metres, are probably a l l  cont inental deposits .  I t  can 
seareely be doubted that the Tertiary a t  Kings Bay is  contem peraneous 
with the lower Tertiary series i n  the great s yncl ine between the lee 
Fjord and Bel l  Sound. 

Heer ( I 870) in forms us that on the Swedish expeditions i n  1 858, 
1 86 1  and 1 864, fossi ls were eollected also at Kings Bay.  In 1 868 N orden
skiold, Malmgren, and N auekhoff brough t  home about 500 pieees eontain
ing Tertiary fossi Is from the same area.  Al l  these fossi ls were deter
mined by H eer ( 1 868 and 1 870) to be of Mioeene age. He found al
together 1 6  speeies, all of whieh had been found in the more sandy 
rocks.  Praetieal ly a l l  the pieees contained remains of  Equisetum arc
ticum, whieh is supposed to have I ived in great peat moors and  over 
great areas .  As they have been fossi l i zed with roots, suekers and tubers 
they must h ave l ived on the spot and must be autoehthoneous .  The 
fol lowing species were a1so noticed : sedgegrass,  Carex ultima ; flag
flower, Iris latijolia ; Nymph. thulensia, Populus Richardsoni, and P. 
arctica , Pinus A bies L. .  and NordenskiOldia borealis ; a jun iper  sp . ,  a 
thuya,  Thuites Ehrenswardi, and a large-leaved l ime:..tree ,  Tilia Malm
greni. At that  t ime Taxodium had not been observed at Kings Bay. 

Later on,  during min ing operations ,  a large number of  fossi ls were 
col lected ,  but ,  as far as I know, they have not  yet been examined and 
deseribed. Fritz Schiifer, who for severai years acted as surgeon at 
the m ining works, made a great col lection of  fossi Is from the shale 
i n  the top wal l  of Josefine Mine .  In th is  shale great masses of  leaves 
of  hardwood as wel l  as needies of  softwood were interbedded.  In 1 922 
and 1 923 I also collected some fossi I s  both in  th i s  shale and farther  
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up in  th e sequenee, but  neither have been more c10sely 
examined .  I n  th is  eol leetion many d ifferent leaves of  
the jus t  mentioned hardwood oeeur ; and in the sha le 
of  the  hanging wal l of  Josefine Seam I found great 
masses of  Taxodium , which is  eerta in ly Taxodium 
distiehum m iocenum, H eer,  whieh is wel l known from 
the l owermost o f  the Tertiary a t  the l ee Fjord . 

Whereas H eer add ueed from the p lant  fossi Is that 
the Tertiary in  Spi tsbergen was of  Mioeene age ,  I .  P .  
Ravn ( 1 922) has pointed out that  i t  is of Paleoeene  and 
Eocene age .  This conc lus ion he  h as drawn from the 
determinat ion of  mussels found in  the l ower marine 
beds of  the formation a t  the lee Fjord. As to the 
sequenee a t  Kings Bay i t  is  pro bable tha t  on ly the 
Paleoeene strata have not been subjeet to erosion .  Foss l i s  
whieh might settle th is  quest ion have not been found a t  
Kings Bay.  

In  Tertiary t ime there has  tI1US been a far warmer 
c l imate in  Spitsbergen than in  our day.  The vegetation 
eorresponds to that  next to the Middle European of  t he  
present day .  Nordenskiold ealeulates the yearly average 
to have been about 5 0  C, i t  is  1 2- 1 3 0  m ore than at 
present .  

As  I have a l ready pointed out ,  pebbles of Perm 0-
Carboniferous ehert oeeur th roughout the Tertiary series 
of  strata a t  Kings Bay.  These pebbles are never partie
u lar ly l arge , being on ly oeeasiona l ly  o f  more than hazel
nut  s ize .  During the whole time of  sed imentation there 
must aeeord ingly have been a eon veyance o f  rock 
material from th is  formation ,  whieh must  have been 
exposed to denudat ion in  the neigh bourhood during 
the o lder Tertiary t ime .  These pebbles have eerta in ly 
not been earried any great  d istanee. 

It is conspicuous that the Tertiary a t  K ings Bay 
is made up of  eoarser sediments than is  the case in 
the l ee Fjord--Bel l  Sound area. This faet can on ly  be 
due to a shorter d istanee of transportati on  a t  Kings 
Bay. Also th is  faet points to the ex istenee of  a h igher 
land to the north , from whieh the  r ivers have earried 
pebb les ,  gravel and c 1ay in  a southerly d ireetion .  The 
eoarsest material has been deposited a fter being trans
ported on ly  a short d istanee, whereas the finest has 
been ca rried farthest away.  
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I t  is I ikely that the land at  Kings Bay and northwards has  not  
been submerged at  al l  during the o ldest  Tertiary, as have been the 
southern lowlands.  At a la ter  date when the th ick sha les  known from 
the l ce Fjord-Bell  Sound district were deposited , i t  i s  possib le  that  
the whole land was involved in  the submersion . I t  may,  however, 
a lso be  that  the marine sha les have not been deposited at Kings Bay, 
and that  the sequence here corresponds to a far greater thickness at  
the I ce Fjord-Bell Sound district . 

Structure. 

I n  deal ing with the structure i n  the  property a rea of  the company 
sha l l  mostly confine myself to the tectonics of  Brøggerhalvøya .  Here 

the older and younger series of st ra ta h ave not on ly  been preserved,  
but  the peninsula i s  situated in  the most prominent  l ine of weakness 
o f  Spitsbergen ,  and tecton ical disturbances of the d ifferent periods can 
best be traced here. 

The areas east and north of the fj ord, to the contrary, a re made 
up ent ire ly of  H ecla H oek rocks ,  and accordingly possible younger 
d isturbances cannot be  dated here .  As a lready a l luded to under the 
treatment of the Hecla H oek,  i t  i s  not  probable that  any great disturbances 
have taken place here since the forming o f  the Caledonian Mountain 
Chain .  The a lmost undisturbed Devonian and U pper Carboni ferous 
farther  to the east also points in this d irection . 

The trend of  the H ecla H oek rocks in  these areas is the same 
as  elsewhere within the Caledonian Mountain Cha in  on Spi tsbergen ,  
where i t  has not  been influenced by  younger tectonical d isturb
ances, as i s  the case on Brøggerhalvøya . I do not  mean to say that  
these areas h ave been qui te undisturbed since the Si lurian folding.  
Great changes in  level have taken place as upheavals and lowerings of 
land b locks ; bu t  these movements have not  resulted i n  further fold ing 
o f  the strata or  changes i n  trend and d ip  worth m entioning .  

The tectonical condit ions on Brøggerhalvøya are certa in ly the most 
compl icated ever observed within the younger format ion s  on Spitsbergen .  
The elucidation of  these problems i s  not  only of the greatest importance 
to the valuation  of  the coal field, but affords weighty contributions to 
the knowledge of the structure of  the whole of  Spitsbergen .  

I n  the stratigraph ical par t  of th is  paper I have  a lready dea l t  with 
the development and distribution of the d ifferent rocks and format ions 
wi th in the property area . I shal l  try below to give a description of  the 
tectonical observations made on the peninsula ,  the  understanding of  
which w i l l  perhaps be  best obtained by studying the  geological maps 
and sections .  The condit ions along the coast will be  seen from fig. 1 2 . 
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Observations on the Structure. 

F o l d i n g .  

Within the southeastern part o f  the peninsula ,  where on ly rocks 
belonging to the  Hecla Hoek occur ,  there i s  not very m uch to be seen 
of  tectonical  i n te rest .  The great sequence of  phyl l ites, mica schists , 
quartzites and l imestones has everywhere a southwesterly d ip of 45-70°. 
These rocks have been strongly pressed and m etamorphosed, and it 
would be d i fficult  to point out any possi ble older unconformi ty here .  
The  trend and  d i p ,  however, are fa ir ly un iform a l l  over t h i s  area,  and 
th is  par t  of the pen insu la  m ust therefore have taken part as a whole in  the  
younger tecton ical disturbances. 

The condit ions with in the  northwestern part are otherwise. H ere 
the  older and younger rocks have been folded and fau l ted in a way 

Fig. 1 3 . The folded strata i n  Brøggerfj e l let  seen from the east .  
a Hec la  Hoek .  b Devon ian .  c Midd le  Carbon i ferous .  d Cyathophyl lum Limestone.  e Permo·Carbon i ferous.  

A .  K .  Orvin phot .  2 1 /8 1 922. 

glVtng some of the mountains an a lmost chaotic appearance . This  i s  
especia l ly the case w i th  the  mounta ins situated nearest to the  boundary 
of  the Hecla H oek area,  such as Zeppel in fj el le t ,  Brøggerfje l let ,  and the 
eastern part of  Kiærfje l let, where the  strata a re strongly folded , th rust 
and faul ted .  Only along the coast and i n  Schetel igfj el le t  have the rocks 
a tolerably regular  d ip of  1 0-20 °  SW, in  some spots m ore. 

If we study the section  I-J,  p l .  V across the coal ReId and Zeppel in 
fj e l let ,  we sha l l  Rnd tha t  the Carbon i ferous strata near  the  sea  have  a 
normal  succession with a southwesterly d ip .  Crossing the Tertiary ReId 
fro m  north to south ,  we have younger and younger l ayers un ti l  a t  the 
base of the  m ountain we suddenl y  again fa l l  i n  with the  Carboniferous, 
but here with an  inverted position. Farthest down i n  the  m ountain slope 
Permo-Carboniferous chert is  observed , upwards i t  is  fol lowed by 
cyathophyl lum l imestone ,  of wh ich rock the bulk of  the  m ounta in is 
m ade up.  On the south side of the sum mit the  Middle Carboniferous 
and then the Devonian strata crop out ,  a l l ly ing in  inverted order. Farthest 
south and uppermost the Devonian is  overla in  by Hec1a Hoek rocks. 



G E OLOGY OF T H E  K I N GS BA Y R E G I O N , S P I T S B E R G E N  57 

I n  Brøggerfjel let the structural condit ions are  sti l l  more entangled 
(sect . O-P, pl .  V and fig .  1 3) .  From Schetel igfje l le t  the U pper Car
bon i ferous series d i p  in to the lower part of Brøggerfje l let ,  where they 
a re seen to form a fold overturned towards the north .  

In the m iddle  part of  Brøggerfje l le t  the cya thophyl lum l imestone  
i s  t i l ted up i n t o  a fan-form with some contorted layers i n  the  gap 
between the summits 630 and 7 1 4. Southwards from the latter summ it 
the Middle Carbon i ferous and  Devonian strata crop out with a northerly 
dip of  about 40 ° .  Near the l ittle sum mit 608 the lower l im i t  of  the  
Devonian i s  reached .  H ere an in l i e r  o f  H ekla H oek m ica schist and  
quartzite crops ou t  in  a i i ttle cone  on the ridge, around  wh ich  the  
Devonian d ips to the  northwest and south ; and the strike d i rection 
fo rms a semi-c ircle about the small peak.  

In the crest eastward from point 603 the Devon ian has also a south
easterly d ip .  In the  smal l  peak S i l on  th is  ridge the cyathophyl lum 
l im estone is  met with aga in ,  but i m mediately on the eastern side of 
tb is point  the younger strata are cut and  overla in by Hecla H oek m ica 
schist and quartzite. 

A sti l l  m ore in teresting  section is seen in  the southern ridge of 
Kiærfje l let  (sect .  G-H ,  pl . V) . In 1 922 I noticed a deep gap, previously 
unknown , between Schetel igfjel let and Kiærfje l let ,  which I have named 
Trangskaret. On  the eastern s ide  of th is gap the U pper  Carbon i ferous 
rocks of  Schetel igfje l let  have a westerly d ip ,  whereas on the western 
s ide the sequence i s  t i l ted and partly overti lted towards the east . West
ward along the ridge of Kiærfje l let  the  whole sequence consist ing of 
Permo-Carbon i ferous rocks, Cyathophyllum  Limestone ,  Devonian and 
H ecla Hoek rocks are found  in the upper part  of  the m ountain wi th  
steep incl ination ,  whereas the lower part  i s  made up  of  cyathophyl lum 
l imestone with a d ip of about 30 ° to th e  northeast . The same condi t ions 
prevai l  a lso on the  southern side of  Traugdal en .  Th e  upper, t i l ted parts 
a re tectonica l ly connected with the layers in Schetel igfje l let ,  and  there 
i s  a distinct structu ral d iscordanee between the upper ti lted part and the 
underlying cyathophyl lum l imestone .  The plane of  structural d i scordance, 
the outcrop of which can be seen from the geological maps ,  has an 
easterly inc l inat ion under the eastern part o f Kiærfj el let  and·Schetel igfje l l et. 

I n  the northern part  of Kiærfje l le t  the ti lted l ayers cannot be ob
served .  According to the observations o f  H oltedah l  ( 1 9 1 3 , p .  73)  a part  
o f  the sequence i s  here repeated, for he  found the fusul ina horizon at 
both 250 and 450 metres above sea-level .  

I n  a n d  below sum m i t  6 1 1 t h e  l imestone dips 2 5  ° towards the south , 
whereas i n  the northern summit  the l ayers have the usu al d ip towards 
the east . In th is sum mit the Permo-Carboniferous chert i s  a lso found 
as  the uppermost layers .  The explanat ion m ust be that the p lane of  
tectonic d isturbance i s  cropping out between the two summits , and thus  
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sum m i t  6 1 1 belongs to the upper t i l ted and thrust par t ,  whereas the 
northern sum m i t  i s  connected wi th  the under ly ing block.  

Towards Forlandsundet and Kvadeh uken the posi t ion seems to be 
undulat ing. In th is  covered lowland i t  i s ,  however, d i fficult to trace the 
tecton ical l ines .  

After th is short  rev iew of some of  the sections we sha l l  t ry to 
sepa rate the d ifferent tecton ical d isturbances. I t  i s  evident that  the layers 
have been fo lded for some reason ,  but the tecton ical breaks observed 
at a great many poi n ts with in  the pen insula m ake the question of  te c
ton ics a very d i fficult one. We shal l  therefore endeavour to separate 
the d ifferen t thrusts and faults, and  fin a l ly t ry to d raw up the order of 
tectonical development. 

T h r u s t s .  

We are ab le  to fol low two dist inct tecton ical l i nes i n  the penin
sula ,  wh ich are ind isputed ly  due to thrust ing .  The one mostly fo l lows 
the boundary between the H ecla H oek mass if  and  the younger rocks, 
and the other is  situated with in  the younger rocks in  Brøggerfje l let  
and Kiærfjel Iet .  As I have just described the sections i n  th is  mounta ins ,  
I sha l l  deal  wi th  the latter t h rust fi rst .  As men tioned above ,  the cya
thophyllum l imestone in  Kiærfjel let is  partly repeated and partly over
la in  by ti l ted older rocks in a way making i t  doubtless that  the con
d i tions here a re due to thrusting .  

H oltedah l  ( 1 9 1 3) gave h i s  attent ion to the out l iers o f  H ecla H oek 
ly ing on younger rocks both here and in  Brøggerfje l let .  He  may not 
have had an opportun i ty to trace the t i l ted rocks in  the crests and 
ridges eastward , and therefore he  arrived at the conclusion that the 
thrusting had taken place only fro m  the south . Th is, h owever, cannot be 
the case,  because ,  as I have a l ready pointed out ,  the wh ole sequence 
is found in  the normal  o rder ti lted up  eastward from the smal l  Hecla 
H oek cap in  Kiærfj el let ,  and these rocks are eastward connected with the 
mountain block of  Schetel igfje l let. On both sides o f  Traugda len and Kiær
dalen l the th rust plane i s  seen d ipping to the northeast .  In  the n orthern 
par t  of Brøggerfj el le t  th i s  p lane can only be  observed between the  H ecla 
H oek m ica schist and the cyathophyl lum l imestone, but south of  Traug
vatnet ,  as wel l  as i n  the ice-covered crest north o f  su mmit 609 in  Brøgger
fj e l le t ,  the Devonian can be observed with a steep d ip .  The outcrop of 
the thrust plane can be fol lowed alm ost conti nuously from Kiærfj e l let  to 
t h is sum m it ,  and its existence cannot there fore be doubted . It has ,  how
ever, not  been observed on Kvadehuksletta , but it is most l ikely that the  
cont inuat ion northwards i s  to be found somewhere near Kvadehukelva .  

Eastward , the outcrop of the th rust plane is  most ly covered by ice ,  
bu t  i t  can hardly be questioned that i t  i s  the same th rust p lane which 

1 The  va l ley south o f  peak  602  in  K i ærfje l let .  
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is  seen to crop out i n  the cleft between summits 7 1 4  and 630 in  Brøgger
fj el let ,  but here with a considerably steeper incl inat ion . 

The continuation from h ere eastward must be found somewhere 
under Brøggerbreane, but on the eastern side of these glaeiers I have 
not observed i t  at  a l l .  

I sha l l  now proeeed with the deseription of  the other thrust and 
begin with its western part ,  where i t  forms the boundary between the 
H ecla H oek and the younger forrnations .  

On the eoastal p la in and in the beaeh at ·  Forlandsundet the out 
erop of  the th rust p lane i s  covered , but in  the southwestern slope of 
Brøggerfje l let  the Hecla H oek rocks are seen to rest upon the eyatho
phyl lum l imestone with steep southwesterly d ip .  In the val ley south 
of  the  mountain the l im estone has been cut away and the Hecla H oek 
rests here on Devonian .  
The boundary l ine i s  how
ever eovered in this val ley, 
but  in  the  crest at  the 
head of  this val ley the 
Hecla H oek is  dist inct ly 
rest ing on the younger 
rocks a long the thrust 
pl  ane here d ipping loeal ly 
i n  a southeasterly d iree
tion. The l imestone in 

a.. 

N 
S I 

� 
Fig. 14. Sections from the overthrust northwest of  

Steenfj eJ let .  
l .  Hec la  H oek mica sch ists and  quartzite.  2 .  M i d d le  Carbon i ferous,  

perhaps Devon ian  i n  lower part. 3.  Cyathophy l l um Limestone. 

the smal l  peak 55 1 has been bent up, evidently a result of the thrust
ing towards the north of the overlying m iea se h ist. 

As H ol tedah l  ( 1 9 1 3) points out, the thrust on this streteh has  
undoubtedly taken plaee from a southerly d irection. A lso in  two counter
forts towards the north from the easternmost part of  Brøggerfje l le t  the 
boundary l ine  i s  exposed (fig. 1 4) .  

Farther east in t he  crest south of  t he  sum mi t  of  Zeppei infje l le t  the 
j unction between the inverted strata of  Devonian and Hecla H oek does 
not represent any teetonieal break ,  but the ordinary angular uneonform ity 
between the two series (fig. I S) .  

At t he  i nne r  edge of  t he  Tertiary field, however, we have al ready 
heard that there is  a struetural disturbanee, which i n  real i ty i s  the eon
t inuation of  the southern thrust p lane towards the east .  As the t hrust 
here is  of  the most vital importanee to the appraisement of  the eoal 
field, I sha l l  try to give a close deseription of i ts eonneetion with the 
eoal fie ld and its i nfluenee on the eoal seams .  

From the  seetion 1-J ,  p l .  V and pl .  V I  i t  wi l l  be seen that  the 
Tertiary field ,  broad ly  spe aking ,  i s  lyi ng  i n  an assymetrie synel ine ,  
forrned during overfold ing towards the northwest. As a matter of  faet, 
one would have expected to find also the Tertiary with inverted posit ion 
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i n  the  southern part of  the Reid .  Th i s ,  however, i s  on ly  the case i n  
0stfeltet .  Along the whole northern s lope o f  Zeppel infj el le t  t h e  con 
di tions are q uite d ifferent .  As a lready pointed out ,  th ere are found 
younger and younger Tert iary beds unt i l  the Carbon i ferous rocks are 
again struck a t  the southern boundary l ine .  

During my  R rst v is i t  to Kings Bay it was s t i l l  uncertain whether 
the eoal Reid was l im ited against faults or  i f  i t  was ly ing in  a synel ine .  
On c lose examinat ion of the northern boundary l ine  I came to the 
certa in result tha t  the Tertiary layers here rested d irectly on Permo
Ca rbon i ferous chert  and sandstone, and that on ly the Bot tom Shale 
increased from west  to east .  As th is  statement has  now been eonRrmed 

Fig .  1 5 . Zeppe l infj e l let  seen f rom the west. 
PC Permo-Carbon i ferous .  ue Upper Carbon i ferous .  D Devon i an .  H H Hecla Hoek.  

A .  K.  Orvin phot .  28/7 1 922. 

by subsequent deep-dri l l ing and s inking of test-pits ,  I sha l l  no t  repeat 
my observations here. 

The southern boundary l ine, on the other hand ,  proved to be 
rather complicated. 

The easternmost point of the ReId where Tertiary l ayers and coal 
seams have been observed is i n  the brook at  Anneksj onshytta (section  
A-B pl .  V I ) .  As wi l l  be seen from the section ,  the  lowermost l ayers 
of the Terti a ry here form an  assymetric syncl ine .  In the southern part 
of the section the Bottom Shale is  seen with a th ickness of  about 65 
metres , and farther to the north the Ester Seam and the overlying 
sandstones were observed in  1 922 with vert ical  dip .  The northern part 
o f  this secti on between the coal seam and Anneksj onshytta has always 
been covered during my visits ,  but i t  cannot be doubted that the co al  
seam  and the Bottom Shale reappear here below the gravel cover. I t  was 
certa in ly  here that Blomstrand years ago observed the other seam ,  
wh ich he has drawn i n to  h is  section .  The  bottom of  t he  Tertiary 
syncl ine  i s  here dose to the surface and i s  un influeneed by the younger 
hrust and fauJts .  
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I n  the southern bend of  the synel ine ,  part of  the underlying chert 
crops out, and farther south fol lows cyathophyl lum l imestone i n  a 
smal ler part of the mountain slope and then H ecla H oek rocks. N one 
of  the boundary l ines is exposed, but the th ickness of  the two U pper 
Carboniferous series here i s  very smal l , and  can only be expla ined by 
tectonica l  breaks both between the chert and the l imestone and between 
the la tter and the Hecla H oek. This must be explained by the thrust 
plane here being cut by a younger fau l t  which I shal l  deal  with below. 

From Anneksjonshytta the southern boundary l ine runs westward 
under the front  of  Lovenbre No. I ,  and as the fold ing-axis dips in 
this d irection ,  younger and younger beds wil l  appear in  the m iddle of 
the synel ine westward. 

A section similar to the one described is  also seen at  the western 
side of the glaeier (sect. C-D pl .  VI ) .  Also here the Permo-Carbonif
erous chert reappears in  the southern part of the sectiol1 , but the thick
ness of  the outcropping chert is  only a few metres, and on the south 
side of i t  we again find cyathophyl lum l imestone. The thrust p lane also 
i n  this instance passes between the chert and the cyathophyl lum l i me
stone. On  0stfeltet the erosion has at present exposed the lowermost 
part of  the Tertiary syncl ine ,  which is  now lying below the th rust plane 
in  th is area . 

On the western side of Nannestadelva the condit ions are quite 
d ifferent. This brook fol lows a fault , the East Fault ,  with north-southerly 
trend .  Here the beds of the Agnes-Otel ie horizon have a s lant ing trend 
towards the cyathophyl lum l imestone ,  and the lowermost beds of  th e 
Terti a ry do n ot reappear  here. 

From this point  the boundary l ine i s  covered westward to KB .  
Fol lowing th i s  l ine  i t  c an  be observed from the  surface forms that 
younger and younger beds are continual ly cut against the boundary 
l ine ,  and at K B  we find the uppermost beds of the Tertiary sequence 
a t  Kings Bay. At K B  i t  eould with certain ty be con firmed that the 
Tertiary beds were dipping in under the Carboniferous rocks at an 
angle of  40-45 ° SW. The thrust p lane ,  which on 0stfeltet was s i tuated 
ent ire ly with i n  the Carboniferous rocks, here forms the boundary 
between this formation and the Tertiary,  and a l l  the  Tertiary be ds have 
been cut against th is  p l  ane .  At KB a cutt ing has been made,  the 
section of  whieh is  seen in fig. 44. 

From KB to K B2 the boundary l ine fol lows nearly  the same 
horizon of the Tertiary. Also a t  KB2 the chert i s  found c lose above 
the eoa l  seam (fig. 4 1 ) . 

The western most point  where the outerop of the thrust pl ane can 
be observed i s  at the head of  the narrow ravine o f  Brøggerdalen .  The 
dip is  here  about  50 ° SW. Against the thrust p lane  the 2- ) O centi
m etres thick remains of  a eoal seam are seen , and on the junction between 
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the  eoal and ehert there is  a white ,  pa s t  y clay ,  resembl ing putty. 
Below the eoal seam we find a shale horizon , about 2 metres th iek 
and with plant  fossils (fig. 1 6) .  

From th i s  point westward the outerop of the  th rust p l ane  is  eovered 
by the glaciers. 

Having made these observations I fel t  as early as in  1 922 eerta in 
that th e Tertiary field to the south was l imi ted by a thrust p lane ,  a long 
whieh the Carboniferous roeks of  Zeppel infje l let  had be en push ed to
wards the northeast upon the Tert iary beds .  From the observations 
made on the surfaee I wrote that year in  my report that j osefine Mine 
would probably reaeh the thrust plane a fter an indri ft o f  1 25- 1 50 
metres a long the dip from the vertieal below the outerop of the plane .  
I n  faet th is  distanee proved later to be 1 35 metres when further 
downdri ft had to be suspended owing to the great teetonie d isturbanees 

Fig.  1 6 . Section from the east s ide  of  
the rav ine  i n  Brøggerda len .  

1 _  Grey Tertiary shale with plant foss i I s .  

2 .  Green and yel low chert, Permo-Carbon i ferous .  

3.  Shale and cherty sha le .  

rendering eoal min ing operations 
quite impossi ble .  There eerta in ly  
then remained only a few metres 
to the Carboniferous rock. 

At some points on the surface , 
where the outerop of the th rust 
p lane has been observed , the d is
turbances are astonish ingly smal l , 
as is the ease at K B  and K B2.  
This seems especia l ly to be the 
ease where the movement has taken 

plaee along shale and eoal horizons ,  which have evidentl y  aeted as a 
sort of grease. I n  these places the beds have evidently aiso had a 
tendency to a rrange themselves paral leI to the thrust p lane .  

I n  other places, however, the thrusting has caused great d i sarrange
ments of  the beds. In the a rea between the Agnes and the j osefine 
mines there is  outcropping roek belonging to the lower part o f  the 
Tertiary sequence. This fact can only be expla ined by the thrusting 
having taken pl ace stepwise along two para l le I  p lanes .  The isolated part 
between the two planes has been earried along on ly  a short d istance .  
This partly overth rust Tertiary b lock has also to a great extent  been 
erushed, and smal l  b locks of  the l ight sandstone have been scoured and 
polish ed to a very high degree, and bear a c lose resemblance to a two
edged wedge . A large num ber of these wedge-shaped b locks wi th sl icken
sides and scrateh ings a re now found on the surface in  this area .  I t  is 
very l ike ly due to this double break that the working of  j osefine Mine  
had  to  be abandoned in a southeasterly d i rection ear I ier than expected , 
beeause the coal seam has be en th inned out, certa in ly by the movem en t  
of  the hanging wa l l  aga inst  the  foot wal l .  That sueh disturbances rea l l y  
have  taken pl aee with in  the  Tertiary beds has  been not iced at severaI 
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points during min  ing work , to whieh these d isturbanees have been a 
great impediment .  

In the lower part o f  josefine Mine the eoa l  seam had  been so 
strongly folded and erushed that the t imbering of the mine was very 
d i ffieult .  I n the south western part of  the mine  the eoal seam and its 
hanging wal l  had been folded together on the foot  wal l  and formed 
eoal-poekets of a th iekness up to seven metres. This  folding l have 
out l ined in fig .  1 7 . Below this eoal-poeket the eoal seam and in part 
also the sha le  h ad been seoured away. 

Farther up  i n  this m ine  I observed a nother result of the th rusting .  
Here the sandstone in  the hanging wal l  had been pushed northwards 

Fig.  1 7 . Schematie sect ion o f  the folded  
coa l  seam i n  the Josefine M i ne .  

1 .  Carbon i ferous.  2 .  Tertiary. 
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Fig. 1 8. Schematie section o f  false 
current bedd ing i n  the Josefine  Mine ,  
forrned by s l ipp ing o f  the layers. 
l . Sandstone with conglomerate . 2 .  Sha le  with 

false curren t  bedd ing .  3.  Coal .  

4 .  Shaly sandstone .  

on the eoal seam ,  and the soft sha le  above the seam had aeted as 
a grease. The sha le  had thereby got what may be eal led a false 
current bedding (fig .  1 8) .  Owing to the movement and pressure the 
shale has  been erushed and transported in  the d ireetion of  movement ,  
and  the d ifferen t sha le flakes h ave been stowed upon eaeh o ther  i n  a 
way g iv ing the least resistance to the  movement .  

In the Ester and Sofie mines i t  was also apparent  that  shearing 
h ad taken place to a great extent in the lower eoal and  sha le  series ,  
whereas th e sandstones ser ies had  offered greater resistanee to the 
pressure. 

Mining work has shown that  such shearing h as taken plaee over 
d istanees o f  up  to 300 metres and more along breaks partly fol lowing 
the eoal seams  and panly the sha le .  The result  is  that  the eoal seams 
h ave partly been  cu t  away and partly folded or erushed so as to be  
qu ite unworkable .  The  Ester Seam thus  proved to be cu t  away over 
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a d istance of  300 metres a long the trend of movement .  This must there
fore be the m in imum length of  the  shearing.  I n  one  place with in  th is  
a rea the  Sofie Seam even rests on  the Ester foot wal l .  The sect ion 
fig .  1 9  has been drawn up from the p lans of the mines and elevat ions 
which I have obta ined from the Mining Office at Kings Bay.  

Also the  Sofie Seam ind icates great irregulari t ies and  disturbances 
of  the coal seam, so that great areas of  the mine have had to be  left 
as unworkable .  In  fig .  20 I have drawn up  some detai led sections from  
Sofie M ine  showing t h e  i nfluence of  t h e  shearing on this seam .  

� "---�- - -

-....... � ---.-.--�� � ........ � 
m� 

I I Sh a/e 
BI Ca r 6 o l7a c e o t/s s/' a/e 

Fig. 20. Secti ons  from the Sofie Se am in the Sofie Mine. 
1 .  Secti on in the upper part of the western ma in  slope. 2. From the cross ing  of ad i t  33 and  the ma in  slope. 

3. Section  al Ihe winch i n  10 S i n  Esler·Sone Mine .  4 .  Seclion near the bottom of  Ihe ma in  slope.  5.  Adi1 32. 

From the experience gained during m in ing operations we have 
reason to bel ieve that  such disturbances a lso in  future m ines wi l l  impede 
m in ing ; but i t  i s  impossib le to say to what  extent th is  wi l l  be .  From 
the dri l l  record I could observe that  local disturbances had taken place 
also i n  other a reas of the fie ld .  Borehole 5 pierced a gas vein at a 
depth of 57 .95 metres. At that point  the  dr i l l  p ierced an  open space 
of  about 1 0  cent imetres Iying fa r below the eoal seams .  The only satis
factory explanat ion of  the gas remain ing under pressure here must be 
that it has fo l lowed such a plane of  shearing, which crosses the coal 
seams  farther  down a long the dip .  Thus tectonica l  disrurbances wil l  
certa in ly be found i n  future mines on th is  area. 

These shearing movements wi th in the Tertiary layers must be due 
to a smaller resistance to movement in  the th rust d ireet ion of  the upper 
part than in  the  lower part of the  sequence .  

Contorted beds due to a s imi lar  shearing are also vis ib le i n  the 
eastern s Iope of  Seheteligfje l l et ,  where the movement has acted along 
a specia l  horizon of the cyathophyl lum l imestone .  
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A further result of the  fald ing and th rusti ng is  that  the eoal  has  
been repeated ly  traversed by a great num ber o f  t iny fissures , wh ieh  
are now fil led wi th  ealeite .  When  exposed to  weather ing the  frozen 
eaa l has a tendeney to fal l  to pieees. This may partly a iso be due to 
the  teeton ieal influenee. 

East of  the eaal fie ld the outerop of the th rust p lane can be observed 
north of H aavimbfje l le t  but  here with steeper dip (flg. 2 1 ) . 

A very fine  th rust i s  se en east o f  Kings Bay in the U pper Car
boniferous layers of  Garwoodfje l let .  I t  can hardly be doubted that i t  
i s  the same  th rust whieh reappears here .  

Fig. 2 1 .  The th rust on the border  between Hecla Hoek and  the  cyathophyl lum 

l imestone  north o f  Haav imbfj e l let (deta i l  from fig .  22 1 .  
1 .  M i ca sch ists . 2 .  Quartzite.  3 .  Fricti on  b recc ia .  4 .  Midd le  Carbon i ferous conglomerate. 

5. Cyathophy l l um l imestone .  

Fig. 22 .  Sect ion of the fau l t  zone north of  H aavimbfje l l e t .  

F a u l t s .  

Along the southern s ide o f  Kings Bay we find severaI fau l ts, a l l  of 
whieh m ust be younger than  the thrusts. These faults can be d ivided 
i nto twa distinet groups ,  namely main faults with trend N W-SE and 
smal ler fau lts with strike N -S.  

The  main faults belang i n  reality to a s ing le  faul t  zone ,  but  the 
two d ifferent ma in  branehes are part ly d ivided sa mueh that  they must 
be treated separately .  

Along the southern s ide of the  inner part of Kings Bay the whole  
fau l t  zone is ra ther  eon tracted .  Farthest east , north of  N ie l senfjel let ,  
the faul t  l ines cannot be seen because they are covered by glaciers 
and  ta lus from the mounta in  s lope .  A sect ion of  the fau l t  zone i s ,  
however, exposed in  the northern slope of  H aavim bfj el let .  The  l im i t  of  
the Carboniferous strata against the  Hecla H oek m iea sch i s t  is  forrned 
by the th rust p lane .  The tecton ic  eontaet is  represen ted by a breccia 
about one metre i n  th iekness. The breccia eonta ins rocks from both forrna
t ions .  The conglomerate consists of dark and l ight  quartz pebbles im-
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bedded in a l ight ,  spangled, sandy matrix, con ta in ing some l ime .  It i s  
who l ly  unpressed and is  unquestionably of Midd le  Carboniferous age. 

The cyathophy l l um l imestone crops out close to the north of  the  
conglomerate and  has  here a northerly d ip  and  some loca l  fo ld ing 
(fig .  22) .  At the shore the d ip is  more i rregular  and  the  l imestone  i s  
traversed by a series o f  fau l ts .  

Westward from  th is  section the two fau l t  l ines diverge. 
The southern runs along the H ecla Hoek boundary l ine and through 

Zeppel in fje l let ,  and the northern westward a long the shore .  Between 
these two faul t  l ines the Tertiary field is situated . 

We shal l  fi rst fol low the westward run of  the  southern faul t .  Below 
the mounta in between Lovenbre No. 2 and Lovenbre No. 3 ,  wh ich 
I have term ed Slåttofje l let ,  the outerop of  the fau l t  l ine i s  covered. 
The downthrow i s  not very great at Slåttofj el let ,  but  i t  is  increas ing 
westward . 

Farther to the west the fau l t  l i ne  reappears i n  the lower part o f  
the  northern slope of  Sherdah l fje l let .  Thenee i t  r uns  under Lovenbre 
No .  I and is again visible i n  Zeppel i n fje l let ,  here forming the so-ca l led 
"Skorsten"  (ch imney) . 

The fault here is of the greatest interest, because it is seen to 
cut right through the great series of stmta overfolded towards the 
north , and m ust thus be younger than the folding itself. 

From fig.  1 5  the vis ib le part of the  fold ing and fault ing i n  Zeppel in
fj el let wi l l  be seen ,  and  in section I -J p l .  V ,  I h ave drawn up  the 
tectonical conditions as I be l ieve them to be from  the observations 
m ade on the surface. The  northern part  has  been lowered about 400 
m etres along the  fau l t  p lane ,  having a dip of about 60 ° towards the no rth . 

From Zeppel in fje l let  the fau l t  runs  westward under  the fron t  o f  
Brøggerbreane and n;appears a long  the  eastern s ide  of  Schetel igfj el let .  
The faul t  l ine  is  not  uncovered at  any po int  here ,  but  from the rocks of 
both s ides i t  can be determined fa ir ly exactly. A long the mounta in the 
fau l t  zone i s  developed as  a step-fault  (sect. G-H ,  p l .  V) with two 
branches,  a ma in  fau l t  to the west and a minor  fau l t  to the east . 
The total downthrow of the northeastern side i s  h ere about 500 m etres. 
The l ayers now capping Schetel igfje l let  a lso form the base of  the Terti 
arv below the mounta in .  The block between the two branches o f  the 
fau l t  has  not  been lowered so much as the other part of  the Tertiary 
beds.  For this reason the lower part of  the Tertiary series now re
appears at the base o f  the mounta in .  

Th is  faul t  zone runs across the shore somewhere i n  the l i tt le bay 
west of Brandalpynten ,  after having i n tersected the  other ma in  faults 
along th e shore. 

The fau l t  zone a long the coast is  not to be  seen anywhere west
ward from H aavimbfjel let  before reaching the c l iff on  the south s ide of  
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Kolhamna .  H ere it is  observed in  the cyathophyl lum  l imestone  (fig .  23) .  
I t  runs across the outlet of  Bayelva a n d  im mediately north of  t h e  smal l  
lake of  Tri hyrningen .  

As w i l l  be seen from the m a p , th is  fau l t on ly  touehes the  eoal 
field in  the area west o f  Bayelva , he re l im it ing Lagunefeltet towards 
the south west. I n  the spit j ust east of  the outlet of  Bayelva the Perm 0-
Carbon i ferous ehert has a dip of  20 ° SW on the north side of  the fau I t  
l i ne ,  whereas eyathophyl lum  l imestone is  fo und  on the  southern s ide .  
West o f  the river the  boundary l ine between the ehert and the Tertiary 
basal eonglomerate is  exposed. Westward the th ickness of  the Tertiary 

Fig. 23. Sect ion of th e fau l t  i n  the cl iff at Kolhamna.  
To the  teft Cyathophy l lum Limestone, to  the r igh t  Permo-Carbon i ferous chert. To the  r igh t  a thrustfau l t .  

Fig. 24. Section  through the fau l t  northeast of Trihyrn ingen .  
T o  the r ight Tertiary, t o  t h e  left Cyathophy l lum Limestone.  

strata, whieh are eut against the fau l t  p lane ,  i nereases eontinua l ly  so 
that on the western part of  LagunefeItet the uppermost Green Sand
stones are found against  the fau I t  p lane and the  eyathophyl lum l ime 
stone .  The existenee of  LagunefeItet is thus due to th is  faul t .  By draw
ing up the strata on both sides of the  faul t  one  wi l l  fi nd  that the 
northern side has  been lowered about 600 metres .  

A t  Trihyrn ingen I observed a smal l  area eovered with Tertiary 
san dstones and eonglomerates from the Agnes-Otel ie  h orizon resting 
d ireetly on  eyathophyl lum l imestone .  The on ly explanat ion I ean find  
i s  that i t  m ust be remnants of the  h anging wal l  of  a branch fault ,  whieh 
has  had a rather low d ip towards the northeast (fig .  24) . 

The faults seen erossing Seheteligelva and the eoast l i ne  i n  the 
eastern part  of Kvadehuksletta also eerta in ly  be long to th is  fau l t  zone 
(fig .  25 and 26) . 

The fau l t  p lane eerta in ly has a northerly dip ,  and ,  as a m atter o f  
faet, the d ifferent eoal areas o f  Lagunefel tet m u st b e  smal ler than the 
surfaee a reas between the faul t  l ine and the outerops of the respeetive 
eoal sea ms .  
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The other group of faults are loeal  faults going north-south . 
Crossing the Tertiary fie ld ,  at least four  large and severaI smal ler faul ts  
o f th is  type have been observed. These faults div ide the eoal fie ld into 
severaI  separated areas ,  as far as eoal m in ing is  eoneerned.  The maiority 
of  them were i ndieated during the mapping of  the field in 1 922. They 
a l l  run in to the sea towards the north , but I was not able to refind  
them i n  the erest of  Zeppel infj el let .  They  thus  seem to d i e  out  i n  the 
l imestone block towards the south .  

With the exeeption of  the faul t  i n  Brøggerdalen the eastern s ide 
has  everywhere been lowered or  pushed northwards i n  relat ion to the 

E W 

Fig. 25. Faul !  i n  the c l iff east of Kvadehuken .  
To t h e  left M i d d l e  Carbon i ferous,  t o  the right Cyathophyl lum Li mestone. The t w o  faul ts t o  the r ight 

on ly one metre each .  

Fig .  26 .  Fau l !  i n  the Cyathophyl l um L imestone 
in the ravine of Schetel igelva. 

western side .  Owing to the dip a horizontal fault ing also will appear 
as a lowering .  Broadly speaking,  they together form a step-fault had ing 
wi th  the d ip  from Sehetel igfje l let and eastwards. 

I fig. 27 I have projeeted the seetions on both sides of  the 
respeetive faults in to the fault  planes. From these seetions both the 
d i reetion and d isplaeement of the fault ing can be derived. 

Below I shal l  dea l  with the various fau l ts, the posit ion o f  whieh 
is seen from the geologiea l  maps. 

The East Fault. I h ave used th is  name for the  fault running 
from the western side of  Lovenbre No .  1 to the  western po int  o f  
Prins He inriehs øy .  This  fault ,  whieh divides Østfeltet from Agnes
feltet, I observed in  1 922. The fau l t  l i ne  can be  d i reetly observed 
in the upper part of  Nannestadelva . On  the western side of  this brook 
Tertiary sandstone is  eropping out ,  whereas on the eastern side in 
the strike d i reetion of the sandstone from south to north we find 
eyathophyl l um l imestone ,  Permo-Carboniferous ehert and the shales 
below the  Ester Seam .  The Tertiary sandstone does not  reappear unt i l  
we get farther north . 
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Farth er  northwards the fault can be traced im med iately west o f  
test -pit  37,  where the  sandstone above the  Advokat Seam is  found  in  a 
projecting rock, whereas in i ts trend d irection westward the ch ert crops 
out. From this point to the beach the fau l t  can be traced on the sur
face forms ,  the  extended chert ridge along the shore be ing displaced 
northwards on the east side of  the fau l t  l i ne .  

The  faul t  runs  in to the sea  across Strand vatnet ,  and i t s  furthe r  
trend is probably dose t o  t h e  western point  o f  Pr ins H einr ichs øy. 

From section  A, fig .  27 i t  wi l l  be seen that th e faul t ing is  real ly 
a h orizontal  one  with a d isplacement  of  the eastern s ide about 300 
metres towards the north . Owing to the dip the eastern side appears 
to have been l owered up to 1 00 metres. 

As the depth of the synel ine  on  both sides of  the fau l t  is stil l un
known , it is d i fflcult to state whether any  vertical or  rotary fault ing has 
taken place contem poraneously with the horizontal . displacement .  I t  
appears a s  i f  th e blocks during th e  faul ting  have got an  ob l ique posit ion 
to each other t h rough the eastern part being lowered to the north and 
upthrown i n  the southern part . As  ment ioned above,  the syndine  on 
the east  side of  the fold  i s  not now touched by  th e  th rust p lane ,  whereas 
the corresponding part on the  west s ide is  st i l l  situated far below it .  
This fact may also be due to a further fold ing together of the layers 
on  the eastern s ide during the horizontal  fault ing .  In this case the  
sect ions on  bo th  sides of  the faul t  are  n o  longe r  congruent .  

The Agnes Fault divides Agnesfeltet from østre Centerfel t. I t  was 
fi rst met with during the working of  the Agnes Mine ,  which is  I im ited 
towards the west by the faul t  p lane .  The fault can be fol lowed north
wards a long th e smal l  depression north of  Agnes Mine.  The  displace
ment of the l ight sandstone and the Advokat Seam is  here very dist inet .  
This  fau I t  a lso forms the eastern l im i t  o f  the  working-pl aces i n  Sofie 
and Ester m ines .  I t  runs in to the sea a sh ort distance east o f  Månevatnet .  

Th e faul t  has been drawn up in section B fig .  27 .  As wi l l  be seen , 
i t  i s  a normal faul t  with a vertica l downthrow of 50-60 metres of the 
eastern s ide .  

The josefine Fault i s  the next faul t  to the west, d ivid ing østre 
Centerfelt  from Vestre Centerfelt .  I fi rst became  aware of  this fau l t  i n  
t h e  vicin i ty of  Thi isbukta ,  where the cyath ophyl lum l imestone on the 
western side strikes against  the chert on the eastern side.  On examin
ing the ground i n  a southerly d i rect ion I cou ld trace the  fau l t  at  severaI 
points .  A t  the eastern edge of  Kolhaugen chert crops out on the  
western s ide  in  strike d i rection of  the sandstone above the Advokat 
Seam on the eastern s ide .  

I t  stands out st i l l  more dist inctly i n  the slope of Zeppel in fj el let .  
Whereas on the eastern side of  th e smal l  brook at  KB the Permo
Carboniferous chert is  cropping out above 1 00 metres above sea-Ievel , 
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the Green sandstone can be traced up  to 1 50 metres and  more on th e 
western s ide .  I n  the m ounta in slope the  fau l t  consists of two branches .  

Dur ing the  working o f the J osefine  Mine the fau l t  was met  wi th 
i n  severai places, and the m i n e  is  l im ited towards the west  by th is fau l t . 
Later the fau l t  was struck also in Sofie Mine ,  where a l so a minor  
branch has been  observed. 

From section C ,  fig.  27 ,  i t  wi l l  be se en that the  fault ing is a diagona l  
fau l t  w i th  an  ob l ique downth row of the eastern s ide  towards the north .  

T h e  diagonal d istance o f  movement  is  about 200 metres. The 
vertical com ponent is about  1 60 metres and the horizonta l  one about  
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Fig .  27 . Faults aeross the eoal fie ld  seen in the fau l t  plan es .  
The punctuated l ines  i n d i cate the strata on  the east s ide  o f  the fautt pl ane ,  the fu l l  l ines on  the west s ide .  

The large arrows show the fault  d i rection , the smal l  ones also the d i stance. A The East  Fau l t .  B The Agnes 

Fault. C The J osefine Fault. D The Brøggerdalen Fau lt. R The Ragnh i l d  Seam . J The J osefine Seam.  

O The  Oti l i e  Se.m .  A The Advokat Seam.  S The Sofie Seam.  PC Upper l im i t  of  Permo-Carbon i ferous 

strata . C L  U pper l im i t  o f  Cyathophyl lum Limestone .  

1 20 metres. The dip of  the fau l t  p lane i s  about 60 o in an easterly 
d i rection .  

From the  maps i t  wi l l  be seen that  the  coal  seams  have been 
considerably d isplaced th rough this fau l t .  On its western side the  Sofie 
Seam is  found  i n  the Olsen Min e ;  and the Agnes-Otel ie Sea m ,  the 
J osefine Seam ,  and  the Ragnh i ld  Seam wl l l  have to be sought for far 
up  in the mountain s lope. The resu l t  i s  that a l l  th ese coal seams on 
Vestre Centerfe l t  are on ly  extended over smal l  areas ,  and the extension 
a long the d ip  is  a lso very smal l  on the h igher eoal  seams.  

The Brøggerdalen Fault (Brøgger Valley Fault) ,  wbich d ivides 
Vestre Centerfelt from Vestfeltet, I observed in  1 922. I t  i s  dist inetly 
seen on the surface from  the ravine of Brøggerdalen to the brook 
flowing from Tvi l l ingvatna .  At the head of  the rav ine below the water-
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fa l l  Tertiary beds  wi th  coal and sha les  are  seen  on the eastern s ide  of  
the stream , whereas the western s ide about 200 metres northwards is  
made up of Permo-Carboniferous rocks ,  the la t ter being folded and 
showing a couple of  east-west going fa u lts (fig .  28) . On the p la in north
wards from the out let  of  the ravine the fau l t  l i ne  is  d istinctly marked . 
On  the eastern side the l ight  sandstones below the Agnes-Otel ie Seam crop 
out, and on the western s ide the green sandstones from near the Ragn
h i ld Seam are seen. From Tvi l l i ngvassbekken further  north the faul t  
l i ne  is covered, but ,  owing to some observations of  outcropping chert  
and  surface marks, the trend  of the fau l t  l i ne  can be determined fa ir ly 
exactly .  Although no  direct connection can be proved to exist ,  I shou ld  
th ink i t  more than pro bab le  tha t  i t  is  the same fau l t  l i ne  wh ich reappears 
on the western s ide of Bayelva, a t  the outlet of  which a north-southerl y 
faul t  is seen to cross the main faul t  a long the shore .  

I n  the  area  south of  Brøggerdalen the western s ide has been 
lowered , whereas at the  mouth of  Bayelva the eastern s ide has been 
th rown down , resulting  i n  the repetit ion of  the lowermost conglomera tes .  
The fault  thus seems to be a rotary fau l t  with pivotal  axis somewhere 
wi th in the Carbon i ferous on the east side of  Bayelva (section D, fig.  27) .  
Southernmost the downthrow of  the wests ide is  up to 1 00 metres, and 
at  the out let  of Bayelva the  east s ide is  l owered 30-40 metres. From 
the map i t  wi l l  be seen that the main faul t  a long the coast has been 
displaced by this fau l t .  This fact should poin t to the eastern part hav
ing been pushed northwards about 1 50 metres ; it may ,  however, a lso 
be due to a s imultaneous forming of  the fau l ts, so that the main 
fau l t  a long the coast had origina l ly  been formed with th is displacement  
across the other fau l t  l i ne .  

The  Skjerva Fault m ust be regarded as a branch of  the  great 
ma in  faul t  a long Scheteligfj el let. I fi rst became aware of  i t  i n  1 923 . 
On  crossing from the green sandstone west o f  Skj erva towards th e 
southwest I found Permo-Carbon i ferous chert cropping out i n  some 
smal l  h i l locks.  Some distance farther south we pass in  the same  way 
from green sandstone to l ight sandstone from the l ower series by walking 
in  a southwesterly d i rection .  This can only be explained by a fau l t
l ine with the downthrow on the eastern s ide .  I m med iate ly facing Brøgger
breen , where the eastern and western glacier branches j oi n , a great 
d isturbance can be observed . On  the eastern side of a fau l t  l i ne  the 
green sandstones are cropping out with 25-70 ° d ip SE, whereas on 
the western side the layers of  the Agnes-Otel ie horizon are seen with 
a 45 " d ip  SW. The faul t  l i ne  cannot be observed d i rectl y  on the sur
face here, but as the d istance between the two d ifferent points is  sma l l ,  
such  a fau l t  m ust exist a l so  here. I t  can  hardly be doubted th at th is 
is the cont inuation of  the Skjerva Fault .  I n  this covered area other 
faults may also occur. 
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Other jaults . Besides the fau lts a lready described we know severaI 
small ones,  which have been observed during the working of  the m ines .  
Al l  these faults have a north-southerly trend .  The downthrow a mounts 
on ly to a few metres. Smal l  faults do  certa in ly occur also i n  other 
parts o f  the field,  but the  displacements are toa trifl ing to be n oticed 
on the surface.  

I real ly doubt that  any further  great fau lts wi l l  be found  i n  the 
fu ture, though there m ay be a possib i l ity of such faults exist ing i n  the 
covered area i n  front  of  Brøggerbreen . 

History of Structure. 

C a l e d o n i a n  M o u n t a i n  F o l d i n g  P e r i o d .  

I n  Spitsbergen no  rocks younger than the H ecla H oek have been 
metamorphosed. Between the H ecla H oek and the younger systems 

Fig. 28. Secti on showing faults i n  t h e  Permo-Carbon i ferous layers i n  
t h e  Brøggerdalen brook . 

I .  Chert. 2. H ard , grey l imestone .  3. Yellow-green c hert. 4. Yellow layers of chert with s i l i c ious 

shales and shale .  5.  Grey shale .  

there is  therefore a far m ore dist inct dissim i larity than between any of 
the younger systems m utually. 

As we know, the series of  st ra ta belonging to the H ecla H oek at  
the end of  the S i l urian period were exposed to a very strong fold ing 
under which eruption of  granites and gabbros took place. Al l  the  exist
ing rocks with i n  the mounta in  fold ing zone were during th is  t ime strongly 
metamorphosed. The general  opinion is  that this fold ing period i n  
Spitsbergen is  connected with t h e  Caledon ian mounta in fold ing i n  
Scotland and  Norway, and  that t he  o ld cha i n  i n  Spitsbergen is a d irect 
cont inuation of the Norwegian ' .  The pressure acted from th e west, 
and for this reason the H ecla H oek rocks h ave a north-southerly trend .  
Where no younger d isturbances have acted the strike  d irection  i s  un 
changed, as i s  the case  on  the  north s ide  of  Kings Bay .  The i rregular  
trend direct ion of  the H ecla H oek on Brøggerha lvøya is ,  as we have 
heard ,  due to younger folding .  

I t  is most probable that the fo ld ing extended over a fa ir ly long 
period ,  and  that the mounta in  chain was gradual ly eroded down . The 
Hecla H oek rocks now form ing the base of  the  younger rocks on 
Brøggerhalvøya have during the t ime  of metamorphosis been situated 
at a considerable depth .  Thus garnets a re found in  the m ica sch ists . 

l The Downtonian in  Spitsbergen has not taken part  i n  th i s  fo ld ing, and thus the 
fold ing i n  Spitsbergen must be o lder than the fold ing i n  Scotland .  
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E a r t h  M o v e m e n t s i n  y o u n g e r  P a l e o z o i c  
a n d  M e s o z o i c  T i m e . 

The tecton ical d isturbances, ch iefly giv ing Brøggerha lvøya and  the 
whole western coast o f  Spi tsbergen their present structural charaeter, 
are of Tertiary age .  Even i f  the Tertiary fold ing  cannot, i n  extent , be 
com pared to the  Si lur ian ,  i t  has neverth e less with in  Brøggerha lvøya 
m ixed up  the rocks i n  a way which makes i t  d i fficu l t  to point ou t  
ear l ier d isturbances t h a t  may h ave taken place. Espec ia l ly ,  i t  i s  very 
d i fficu l t  to m ake out  d isturbances which may have occu rred i n  Meso
zoic time ,  beca use the  series of strata be long ing to that  era a re m issing 
at Kings Bay. 

Between the  S i luri an  and Tertiary periods we can point ou t  oro
gen ic  movemen ts in d i fferent parts of Spi tsbergen ,  but they a re a l l  
due to vertical b lock movements. N o  fold ing  from th is  long per iod has 
been observed . 

Between the H ecla H oek rocks and  the overly ing younger rocks 
there i s  a pronounced angular unconform ity represen ti n g  a long period 
of the younge r S i luri an .  The  oldest o f  the unmetamorphosed rocks is  
o f  Downton ian age .  

As po in ted out ,  the Hecla Hoek rock is  everywhere overla in  by 
Devonian strata ,  except a t  For landsundet ,  where i t  i s  overla in  by Cu lm .  
The 300-metres-th ick Devonian series thus  d isappear at a rather short 
d istance, wh ich fact can hardly be expla ined otherwise th an  by an o ld 
fauJ t .  At fi rst I thought  that a part of  the sequence in  Brøggerfje l let  
and Zeppe l i n fje l le t  m ight  perhaps be of  Culm age ,  and  th a t  the  d iffer
ence between the l ayers here and a t  Forla ndsundet might be due to a 
per iod of  erosion a n d  a unconformable  d eposit ion of the Cu lm l ayers 
on  th e  Devon ian ,  wedging out  towards the west. H oweve r, I searched 
i n  va in for Culm fossi ls in  the upper part of  the Devonian sections .  
I t  seems  most  probable that  the Cu lm occurs on ly  a t  For landssundet .  

J f  these condi t ions were due to an unconformi ty ,  one m ight  expect 
to find  a v is ib le angu l a r  d i scordanee somewhere in  the upper part of  the  
Devon ian strata. Such an  unconformi ty cannot even be seen a t  the base 
of the Midd le  Carbon i ferous ,  where there must be a great gap o f  sedi
menta tion .  In fact, not  the sl igh test d ivergation can be observed . 

As we know,  th e Devonian is a lso m iss ing a long the southern part 
of  the west coast of Spi tsbergen ,  a fact which is expla ined by a pre
Culm fau l t ,  a long wh ich the  eastern Devon ian a rea has  sunk .  Before 
the deposit ion of  the Cul m ,  the Devon ian has been erod ed away on 
the west s ide of th is  faul t .  This  explanat ion is  considered the m ost 
reasonable one also concern ing Brøggerha lvøya. This fau l t  mus t have 
traversed the western part of Brøggerhalvøya,  and  is  probably d i rectly 
connected with the southern fault. The fau l t  l i ne  must run somewhere 



G E OLOGY OF T H E  K I N G S  BA Y R E G I O N ,  S P I T S B E R G E N  75 

below the  Carboniferous series eas t  of  Safe Ha rbour and  eas t  of  the 
Cu lm at  St .  J ohns Bay .  The further run northward canno t  be nxed a t  
present . I t  i s  l ike ly tha t  i ts trace is som ewhere a long Comfortlessbreen .  

The Cu lm now forms a sma l l  a rea  a long  Forlandsundet ,  and is  
l im ited towards the south by the overthrust ,  but origina l ly i t  has certa in ly 
been connected with the southern Culm areas .  

As the old fau l t  l i ne  seems to  run into t he  sea north o f  Kings 
Bay ,  it is m ost I ike ly tha t  the whole  northern part o f  Spitsbergen 
was also covered by Devonian layers when the Culm was deposited ,  
and  that the H ecla H oek rocks were then on ly  exposed a long the 
west coast south of  Kings Bay .  

When the Culm had been de
posi ted on Devon ian to the east and 
on Hecla H oek to the west ,  the fau l t  
was once more torn open ,  but  th is  
t ime  the western s ide \Vas lowered . 
During the fol lowing erosion the  
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greater part of  the Devonian was 
once more laid bare to the east .  
When the  great submersion in  Middle 
Carboniferous t ime to ok place the  E I22lHeclaHoek � Devonian D Culm l imy strata of th is  period was de- e3UJll1-er C tLrboniferous . 
posited on Cu lm to the  west and  on 
Devonian to the east .  The  d ifferent Fig .  29.  Sections  showing the deposit ion 

stages of  development  wiI I  be seen of  Devonian,  Culm,  and u pper Carboni -
ferous strata at K i ngs Bay. 

from ng. 29. According to StensiO 
and Tyrrel l  there is  a t  Klaas Bi l len 
Bay a reflexion of  the cond it ions j ust described .  The area between these 
two fau l t  l ines has thus sunk i n  younger Devonian t ime and has  been 
relat ively ra ised in  later Culm .  For this reason the marine Carboni
ferous layers rest on Culm also east of  Klaas Bi l len Bay and 
Wijde Bay.  

On Brøggerhalvøya Mesozoic rocks are ent ire ly m issing, bu t  i t  can 
hardly be doubted that  rocks belonging to th is  era have a lso been 
deposited here ,  but  have been eroded away in  Cretaceous time .  

We know that  the Tertiary at Calypso Bay and Forlandsundet  rest 
d i rectly on H ecla H oek .  T h is is expla ined by a pre-Tertiary upheaval 
of  the coast a long a fau l t  l ine .  The K ings Bay coal neId ,  h owever,  is  
s i tuated on  the eastern s ide of this o ld faul t  l ine .  The  absenee of  
Mesozoicum here is  therefore not due to th is faul t ,  but  to a r i se  of the  
northwestern par t  of Spitsbergen ,  and a subsequent denudat ion i n  Creta
ceous time, so  that the Mesozoic series at  the deposit ion of  the Tertiary 
has gradual ly wedged out  towards the north to disappear a t  Kings Bay. 
De Geer ( 1 9 1 9) has pointed out a pre-Tertiary plane of  denudation on 
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the H ecla H oek rocks in the northwestern par t  of  th e country. The  
gradual ly wedging out  o f  the younger series towards the north 
con firms th is .  

T e r t i a r y  F o l d i n g  a n d  F a u l t i n g . 

The development  o f  the Tertiary tecton ics is of  pa rticu lar  interest 
to coal min ing a t  Kings Bay, and also gives the key to the under
stand ing of  the structural form of  the whole of the west coast of 
Spitsbergen .  

Personal ly ,  I have  had the opportunity to map  the folded zone 
between lce  Fjord and  Bel l  Sound ,  and h ave a lso during casual  visits 
seen the folds  i n  Midterhuken in  Bel l  Sound ,  the section on the south 
s ide of Van Keulen Bay and the one a t  Safe Ha rbour .  When the 
structural observations from these points a re com pared with the struc
ture of  Brøggerhalvøya , i t  wi l l  be seen that they a re fa ir ly easy o f  
explanat ion on the sam e fundam entaIs .  Tecton ical condi t ions wh i ch  have 
seerned inexpl icable a re in real i ty quite s imple .  

N athorst ,  as  wel l  as  severaI l ater authors ,  has  expla ined the Ter
t iary fold ing as  a secondary result of a great fau l t  a l ong the west coast ,  
and the presumed fau l t  l i ne  has been d rawn along the present boundary 
l ine  between the H ecla H oek and the Cu lm .  The fau l ting was taken 
to have been forrned by a block- formed upheaval o f  the west coast . 
De  Geer has suggested that the fold ing may be due to an  ord inary 
moun ta in folding,  but has  later abandoned th is  po int  o f  view and pointed 
out  that ,  a long the boundary of  the younger ser ies of strata , horsts have 
been pressed up, result ing in  the horizontal  pressure and fold ing of the 
strata. H oltedah l  ( ( 1 9 1 3) p.  80) is  o f  opin ion tha t  the fold ing is  due 
to a fau l t  during horizontal  pressure fro m  the  west. 

During my work in the field I have come  to the resul t  that the 
fold ing is  not a result of fau l ting ,  but is an ordinary mountain folding 
due to pressure from the west. The faults are younger than the folding. 

I dea l t  with this question during a lecture in Geologisk Forening 
on May 6 ,  1 926. As th is  was not  p rin ted I shal l  a ls o touch upon the 
condi tions south of  Ki ngs Bay here .  

I sha l l  fi rst t ry  to d raw  my  concl us ions from the tectonical  obser
vations made  on  Brøggerhalvøya . In th e maps and sections I h ave 
drawn in  a l l  certa in  observations with unbroken l ines ,  whereas uncerta in  
l i nes  are  broken . 

As we have seen from  the descri ption ,  there are on Brøggerha lv
øya an  overfold ing towards the northeast and two overth rusts, one from 
the south west  and  the other from the opposite d i rection ,  and many  
faults ,  of which some can  be seen to penetrate the  folds ,  and  mus t  
therefore be younger .  

The fold ing on Brøggerhalvøya has  a somewhat i rregular  trend ,  
about northwest-southeast ,  whereas t he  fold a long t he  western coast o f  



G E O L O G Y  O F  T H E  K I N GS BAY R E G I O N ,  S P I T S B E R G E N  77 

Spitsbergen has ,  broadly speaking,  a m ore north-southerly d irect ion ,  
and m ust be due to horizontal  pressure from west-south west. The 
d ivergence on Brøggerhalvøya i s  probably due to the  th rusting ,  which 
is  seen to have caused irregularit ies i n  the trend of  fold ing .  

The pressure at Kings Bay must, however, have been considerably 
stronger than fart her  south ,  because i t  has  not  only eau sed the over
fold ing but a lso the great th rusts. During the th rusting the layers have 
certa in ly been m ore extremely folded , but not  more than the origina l  
fold can be pointed out  on both sides of the thrusts. There  can thus  
be no  doubt  about  the  thrusting being formed as the last feature of 
the falding. The thrusts are thus preponderant ly shear th rusts and  not 
break th rusts o f  which the  folding is  the secondary result .  If the 
thrust ing was no t  the la tter, there would not  be forrned sections o f  the 
appearance as now seen in  Zeppel i n fje l le t ,  Brøggerfj e l let  and Kiærfje l let .  
It is  here clearly seen that  the thrust planes have in tersected a l ready 
folded strata. 

The really aston ishing resul t  is  the forming of the  thrust from the  
northeast. 

Along the southern thrust we flnd only in  Zeppel in fje l let  younger 
rocks i n  the overthrust part .  This fact is  o f  course due to the e rosion ,  
as  the overth rust part origina l ly conta ined younger rocks a long  the  
who le  boundary.  

As can be se en from  the sections ,  the southern thrust plane has 
no t  everywhere the same posit ion in  relat ion to the fold .  Only along 
the coal fleld i s  i t  a clean shear thrust according to the com mon de
flni t ion .  Westward towards Forlandsundet the greater part of  the  fold 
i s  Iy ing below the thrust plane. The southern thrust p lane has  thus 
cut through the fold  obl iquely to the fold ing axis .  The reason may be, 
as  we shal l  see below, that the lower part of  the fold  towards Forland
sundet has encountered a very strong back-pressure, so that  the break 
has ,  for th is  reason ,  been forrned farther to the south i n  the upper 
bend of  the fold .  

Whereas the distance o f  overthrusting a long the southern th rust at 
Forlandsundet m ust be at least about 1 000 metres, i t  i s  under Zeppel in
fjel let perhaps not  more than 500 metres. Here the pressure has,  how
ever, also e ffected the great shearing a long  the bedding plan es of the  
Tertiary strata .  At Slåtto fje l let  and Sherdalfje l le t  i t  i s  aga in  a t  least 
1 000 metres .  In Garwoodfje l let  the d ip  of  the thrust plane i s  less steep ,  
and here the v is ib le part of  the overth rust part  is  made up of Upper 
Carbon i ferous rocks. 

H ow far and in what  d i rection this thrust can be traced to the 
south east I cannot say.  I t  i s  not found a long the  coast south of  
l ee Fjord . 
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De Geer ( 1 9 1 9) has i n  the section a long the north s ide of  the l ee 
Fjord d rawn up  th rusts in  Lapplandsryggen and jemtlandsryggen .  The 
continuat ion of the southern thrust a t  K ings Bay may perhaps be re
found here .  If th is  is  the case it is  s i tuated far under th e western ma in 
fold , which in  th i s  section is  s i tuated at Safe H arbour .  I t  may  a lso 
be a para l l eI th rusti ng. Future investigation of  the d istri ct north of th e 
lee Fjord wi l l  certa in ly  c 1ear up the structural cond it ions here .  

The th rusti ng from the  north east is  rather  d i fficult  t o  exp la in .  As 
a l ready pointed out ,  the  overth rust younger rocks in  K iærfj e l le t  and 
Brøggerfje l l e t  are d i rectly connected with the m ounta in b lock ofSchetel ig
fj e l l et, and consequent ly i t  is qu ite im possible that i t  has anyth ing to 
do  with the th rusting from the southwest . There rema ins  no  other 
explanation than that th e overthrusting has taken place d i rect ly against 
the d i rect ion of  pressure .  From the sections p l .  V i t  wi l l  be se en how 
th is  thrust p l  ane  has cut the  origina l  fol d .  I t  is  evident that  th is  p lane 
has a far steeper d ip in the eastern part of  Brøggerfjel le t  than i n  th e 
western part .  

The quest ion i s  now how this thrust has been formed .  That  i t  i s  
due to a horizonta l  pressure from the north east m ust be deemed im
possib le ,  as such a pressure wou ld  certa in ly  have le ft traces a lso in 
other places. I t  m ight a lso be be l ieved to be a secondary resu l t  o f  the 
great fau l ts north o f  Schetel igfje l let ,  but  th i s  i s  quite unthinkable ,  be
cause the d istance of overth rusting i s  greater than the downth rows. I n  
th is  case there would have been far greater disturbances a long the 
faul t  l i nes .  

The m ost acceptab le  explanat ion i s  that  the thrust is  formed con 
tem peraneous ly with the southern th rust during strong pressure from 
the south west, and is due  to the fol l owing circumstances : As  a l ready 
mentioned , Brøggerha lvøya is  traversed by an  old fau l t  zone ,  which has 
been broken up  a t  d ifferent periods .  When the great  ser ies of  strata 
during the Tertiary fold ing  period were folded together upon this l i n e  
o f  weakness,  the overweigh t h a s  a t  last  been so great t h a t  the under
ly ing ground has sunk i n ,  and the d ifferent sheets from the northeast 
and south west have both been pushed upon the m idd le  b lock under  
the strong pressure .  The great resistance from northeast, not a l lowing 
of  any further overth rusti ng in  th at  d i rection ,  m ust be due  to the  o ld  
and com pact northern mountain mass ,  partI y made  up of erupt ives .  

As both the northern and the southern overthrust a re greatest near 
Forlandsundet ,  the pressing down of  the central part must have been 
greatest here .  The northern overthrust seems to decrease rap id ly  to
wards the east ,  and i t  rea l ly  appears as i f  i t  wou ld  fade  away some
where under Brøggerbreane .  This thrust must thus have been formed 
by a rotary m ovement o f  the upper l i m b  against t he  l ower l i m b  about  
a p ivotal axis somewhere in  the centra l  part of the pen insu l a .  The rotary 
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movement is i n  turn due to an  obl ique downthrow of  the central part 
towards Forlandsundet during strong horizontal pressure, which may  
a l so  have  induced a considerable upheaval  of the  upper l imbs .  The 
length o f  the  no rthern overthrusting is  about  three k i lom etres or per
haps somewhat more. 

Through the pressing down of  th e  central block we also get a satis
factory explanat ion of the pecu l i ar  conic position of the strata i n  the  
southwestern par t  of Brøggerfj el let .  The  d ip  towards the west is  due  
to  the ob l i que  s inking towards Forlandsundet ,  whereas the d ip  towards 
the north , south, and south east is  due to the  fold ing and pressing down 
during the th rusti ng .  The greatest compression of  the original ly hori
zonta l  layers has  taken place near Forlandsundet and  amounts to about 
five k i lometres in a l l .  

The faul ts are pro babl  y a l l  of about the same age and  a l l  of  them 
younger than the fold ing and  thrusting .  They are a l l  connected with 
a gre at downth row a long Kings Bay, and th is  must have taken place 
i n  a period when the horizontal pressure had ceased to act and had 
been replaced by a tens ional  stress ,  a mere reaction  a fter the fo ld ing 
period .  This fau l t  system i s  certa in ly  o f  the same age as  the great  faults 
a long the west coast of Spitsbergen .  

A lso  on the northern s ide  o f  Be l l  Sound I have been  ab le  to  
establ ish tha t  the great fau l ts a long the coast are younger  than the 
fold i ng. The fau l ts  at  Forlandsunclet ,  between which a lso Tertiary becls 
are found ,  are most probably the same fau l t  l ines as  are seen farther 
south .  These fau l ts a long the coast have been forrned by the western 
an tic l ina l  of the Tertiary fold ing breaking down , and at K ings Bay also 
the eastern pressed up  layers have broken down.  The greatest faul ts 
are found in  the ant ic l ina l  of the  west coast , where th e layers were 
most elevated afte r the fold ing ,  but a re now eroded away . 

The fau l t  zone of  K i ngs Bay thus belongs to an  easterly fau l t  
zone ,  wh ich can be traced from Kings Bay a long the border of  the 
H ecla H oek to Grensefj el le t  ( H ol tedah l  ( 1 9 1 3) ) .  Farther soutbward the 
faul t  zone probably forms the boundary l ine to the i nterior of  St . J ohns 
Bay.  I t  may possib ly  be the last  traces of th is  fau l t  zone which are 
seen in  the cl i ff from Advent  Bay to eoles Bay .  

H olted ah l  has po inted out  a fau l t  i n  Pretender i n  the inner part  
o f  Kings Bay .  This  fault ,  wh ich can be observed from a great d is tance ,  
has  a d isplacement o f  about 600 m etres. H ere, however, i t  i s  the south
western part which is  lowered . This  fau l t  probably runs out to sea 
d own Kings Bay, the depression of which is  then a graven .  The known 
faul t  on the south s ide o f  the fj ord i n  con nection with the southerly 
d ip  would otherwise be enough to expla in the  outcropping o f  the Hecla 
H oek on the north s ide o f  the fj ord .  

6 
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I sha l l  briefly  deseribe below some seetions a t  l ee Fjord and Bell 
Sound ,  and try to show that the struetural condit ions here, broadly 
speaking, a re very s imi lar  to those at  Kings Bay, only far more s imple . 

Along the Hecla H oek boundary l ine  between lce Fjord and 
Bel l  Sound there is no  fault  l i ne  as  d rawn up  by former authors .  
l have traced this boundary l ine the  wh ole distance fro m  Bel l  Sound  
t o  l ce Fj ord,  a nd  everywhere the  basal  conglomerate i s  resting wi th 

/ 
/ 

I / 

. /  / 
/ 

/ 

C-D 
i .  

/ . .... 
I 

---= 
� _______ � ....--:.._, .. _�1.!;:-� �--.;::::..-� 

E 

E- f' 

- -- - ------=-

Fig .  30. Tertiary fold ing  and fau l t ing  along the western coast of Sp i tsbergen .  
A - B  North o f  lee Fjord . C - D  North of Be ll Sound .  E - F  South o r  Be l l  Soun d .  

l .  Tertiary. 2 .  Cretaceous .  3.  J urass ic .  4 .  Triass i c .  5 .  Perrnian . 6 .  Permo-Carbon i ferous .  7 .  Upper 

Carbon iferous. 8 .  Cu lm.  9. H ecla H oek . 

angular unconform ity on the H ecla H oek rocks ,  and there i s  no trace 
of a younger break. 

Sect ion C-D fig. 30 from the north s ide o f  Bell Sound shows 
that  the sequenee h ere has been overfolded towards the east .  Close to 
the now existing fold ing of  the younger series l h ave not observed 
any fauI t ,  but i n  1 925 I found two fauIts on the eoastal p lane .  They 
a re seen to the left i n  the  section .  On  the western side of  both these 
fau l t  l ines the l owermost Culm beds erop out wi th an  easter ly d ip ,  
as the layers m ust have had in  the western ant ic l ine before the fau l ting 
took place .  The downthrow of  the western side amounts to about  1 300 
metres on the eastern fau l t  and a l i ttle less on the western .  The down
throw along the coast i s  thus considerab le .  
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O n  the southern side o f  Van Keulen Bay between Reinsdyrpynten 
and Kap Ahlstrand the .  younger series are se en with i nverted posit ion 
farthest to the west . Eastward from this point one finds at first H ecla 
H oek rock and then once more the younger l ayers, but here with a 
normal  position .  N athorst says that the inverted layers were a mystery 
to h im .  With the old theory i t  was quite i nexplicable ,  but through a 
fold ing cut by a younger fault the condit ions are easi ly explained 
(sect ion E-F fig. 30) . 

I n  the same way, the conditions i n  Midterhuken i n  Bel l  Sound can 
certa in ly be expla ined .  

F ina l ly I sha l l  briefly mention the section a t  Safe Harbour on  the 
north side of  lee F jord .  Nathorst ment ions that  there i s  a b ig fault 
here forming the boundary l ine between the Culm and the Hecla H oek .  
H e  states that the Culm layers are d ipp ing about 50 ° under the Hecla 
H oek rocks.  H oltedah l  ( 1 9 1 3) shows that the lowermost layer of  the 
Culm is  a conglomerate with a dip paral lei  to the unconformity. This I 
should th ink i s  most probably the basal conglomerate of the Cul m ,  
which is here seen restin g  uncon formably on t h e  H ecla H oek i n  in
verted order. 

In the mountain  on  the east side of  the fj ord the U pper Carboni f
erous strata a re seen with inverted posit ion and steep d ip  towards the 
west. If the known thickness of the Culm is  put into the section aeross 
the fjord i t  will exactly fill out the open space. All observat ions here 
thus point to an  overfold ing towards the east without any fault ing.  

De Geer ( 1 9 1 9) has described a sort of fold ing here,  but on  the 
map he  has drawn in  the supposed faul t  l ine ,  and  i t  i s  therefore d i ffi 
cu l t  to understand  what  h i s  real opinion is .  

East of  St .  J ohns Bay H oltedah l  ( ( 1 9 1 3) p .  29) has stated that a 
faul t  occurs at the boundary between the H ecla H oek and the younger 
rocks .  I t  i s  therefore not un l ikely that the fault  zone from Kings Bay 
runs a long the boundary south to th is point .  

As this paper deals with the Kings Bay traet I shal l  not deal  in 
detai l  wi th the structural condit ions farther south .  What has been said 
should be sufficient to affirm that there has  been a Tertiary jolding 
period jollowed by a jaulting period. 

The influence of the structure on  the Kings Bay coal fie ld i s  ob
vious enough. Origina l ly  the  co a l  field probably belonged to th e same 
extensive Tert iary area as the  southern Tert iary syncJ ine, and  has  not  
been deposited in  an isolated bas in .  ! ts presen t  existence i s  on ly  due 
to Tertiary fold ing, thrusting ,  and fault ing .  

The Kings Bay coal fie ld is  the northernmost known Tert iary field 
i n  Spitsbergen .  We therefore laek the necessary field evidence to form 
an  opinion about possib le Tertiary d isturbances farther north . It is ,  
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however ,  l i ke ly  tha t  the  Tert iary fold ing and fau l t ing zone north o f  
Kings Bay  l i e s  i n  the  s e a  west of Spitsbergen . 

Before the  fold ing  took place the  Tert i ary l and  surface was m ost 
probably s i tuated near the sea- leve ! .  The fi rst upheaval m ust be due 
to the fold ing ,  during which the western coast has been el evated . The 

o 100 km. 

0"// Folded zone 
-- Thrusts 
--- Fau lts 

Fig. 3 1 .  Sketch-map showing the Tertiary ma in  
structure l i n es o f  Spi tsbergen.  

fold ing  proeess has certa in ly 
been very s low,  and the  ero
s ion ,  which at the beginn ing 
of the rise has got  ho ld  of  
the l and ,  has  l a ter  acted hand 
in h and  wi th  the  fol d i ng, un t i l  
the land some t i me  in  later 
Tert iary period was Iying 
about 500 metres high er than 
now.  The younger changes 
i n  l evel unt i l  the land got i ts 
present posi t ion belong to the 
Quaternary h i story . 

Concern i ng  t he  age o f  
t h e  Terti ary fold ing we only 
know that i t  i s  o f  post
Eocene age. It i s  h igh ly prob
able that  th is  fo ld ing i s  con
temporaneous with the great 
Miocene  mountain fold ing  
runn ing from  Spa in  to  Austra
l i a  and a l ong the  en t ire west 
coast of Amer ica , but the fold
ing i n  Sp i tsbergen is  obvi ously 
o f  a far sma l l e r  magni tude .  
As m ounta in fold i ng  i t  i s  qu i te 
incons iderab le .  There h as been 
no metamorph osis a t  a l l .  
A l l  changes are on ly of a 
mechan ica l  nature .  

N o  cont inuat ion south-
wards from  Spitsbergen of th is  fo ld ing zone has been ascerta ined .  
I t  i s  poss ib le  th at the fold ing ebbs out before reach ing the European 
cont inent ,  but i f  i t  has acted a lso in northern Norway, i t  wi l l  be 
very d ifficul t  to trace ,  because the younger format ions do not  
occur  here .  

H oltedah l  ( 1 925) po ints out that the Tertia ry d isturbances in Spi ts
bergen m ight be of post-Miocene age and  forrned s imultaneously with 
American earth - movements .  
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In the sketch map ng .  3 1  I have drawn up  the  tecton ical  main l ines 
o f  the Tertiary fo ld ing and fault ing.  As wi l l  be seen ,  the fold ing zone 
run n ing a long the west  coast narrows and runs out  to sea north of  
Kings Bay .  Also the faul ts on bo th  sides of Brøggerh alvøya run to
gether he re .  The further trend of  the thrusts into the sea wil l  n ever 
be ascerta in ed. 

I t  may be that this zone o f  Tertiary d isturbances continues across 
the Arctic Sea a nd  i s  thus connected with the' Am erican contemporaneous 
d i sturbances,  but  as the d istance i s  great such a hypothesis can hardly 
be  connrmed.  

The geologi ca l development  o f  the Kings Bay tract  can br iefly be 
sum marized as  fol lows : 

1 .  Deposit ion of rocks belonging to the Hec la  H oek format ion of  
part ly m arine origi n .  Poss ib le structural d isturbances from  th is  per iod 
are now d i fflcult  to point  out .  

2 .  The Si lur ian fold ing period with erupt ions of  igneous rocks. 
The Hecla H oek rocks have been strongly folded and metamorphosed. '  

3 .  Denudation of  the Hecla H oek  rocks unt i l  Downtonian t ime .  
4.  Possible deposit ion of  Downtonian and fol lowing erosion , depo

si t ion of the Devonian,  partly l i ttora l ,  and partly cont inental .  
5 .  Lowering o f  the central part  a long fau l t  l ines i n  the western 

part of the present Brøggerhalvøya and along Wi}de Bay. Erosion  of 
the Devonian  on both s ides of the sun ken area. 

6 .  Deposit ion of the continental Cu lm on Devonian i n  the central 
area and on Hecla H oek a t  Forlandsundet .  

7 .  The o ld fault  l ine has been broken up  and the central area 
relat ively raised. The Culm eroded away in th is  area .  

8. Submersion of  the whole land and deposit ion of  the Middle  and  
U pper Carbon i ferous l i t toral and m arine facies .  

9.  A long in terval between the Permian and Cretaceous periods 
from wh ich noth ing ean be  seen at Kings Bay.  I t  is  possible that in  th is 
great i n terval a th ick sequenee has  been deposited ,  which has  been 
denuded away i n  younger Cretaeeous t ime ,  during the rise o f  the northern 
part  of  Spitsbergen . If the lowermost sha le horizon on the Kings Bay 
eoal ne id i s  o f  Cretaceous age, these layers m ust have been deposi ted 
after  the  o lder ser ies  have been eroded away ,  and a new shorter period 
o f  erosion m ust have taken place before the Tert iary was deposited. 

1 0. Deposit ion of the Tertiary partly on  the shale and partly on 
Permo-Carbon i ferous ehert and sandstone.  Perhaps also series o f  the 
younger Tertiary have been deposited . 

1 1 . The Tertiary fo lding and thrusting with subsequent fa ult ing 
took place in  younger Tert iary t ime with the result that  the land was 
raised and the  present eros ion com menced. 
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Quaternary. 

I h ave not  made  any  specia l  examination  of the Quaternary within 
the property area ,  and sha l l  only make brief reference to th is period . 
H oel ( 1 9 1 4) has  carried out  a series o f  measurements of terraces and 
elevated shorel ines .  

We know that Spitsbergen ,  too, has  been covered with ice ,  and  
a lm os t  everywhere one can  see  erratic blocks on  the m ountains .  A t  
Kings Bay H oel has  seen  such  blocks on Blomstrandha lvøya 374  m etres 
above sea- level , and in  1 928 I observed severaI such erraties of  H ec1a 
H oek rocks on  the eastern crest o f  Zeppe l infj el let  280 m etres a bove 
sea-leve! .  This faet shows us that  the present  elevation of  these crests 
m ust be about the same as when the l ast ice cover existed. 

Whereas Blomstrandhalvøya and Ossian Sarsfje l le t  d istinctly show 
us  by their forms that they must have been scoured by the ice to the 
very summits, the other m ounta ins form sharp r idges and crests be
tween the glaciers. This is  due to the work o f  the now existing glaciers. 
Where the mountains sti l l  have rounded forms such glacier erosion has 
not  taken place in  later t ime .  

The observations which can now be made about the raised beaches 
and from the loose m aterial nearly  a l l  refer to the younger part o f  the 
Quaternary period .  

H oel  estimates the l as t  i ce  cover to have been about 700-800 
metres. Owing to the weight of the ice the land has been submerged , 
and we d o  now find terraees and shorel ines ind icat ing the old posit ions 
of  the sea.  

Aecording to m easurements made by H oel ,  the  elevations  of the 
terraces at K ings Bay above sea- Ievel  a re 1 4 , 28, 36 and 55 metres. 
To the north and south there are also raised beaches of  1 05 ,  1 20 and 
1 30 metres. The lowermost terraees eontain she l l s  of  marine  musseIs .  
The most prominent  amongst these steps are found on the coastal plain 
running a long the coast and rising fro m  sea-level up  to abt .  55 m etres. 
This eoastal pla in is  a part of the g reat strandflat  formed before the 
l ast glaeial period. 

In the north western part of  Schetel igfje l let  there is  a fa ir ly exten
sive plateau 200-250 metres above sea-leve! .  I t  is bounded towards 
the coastal plain by a steep and h igh cl i ff. This plain is  most probably 
due to an  elevated posit ion o f  the sea .  

At South Cape H oel and  Werenskiold h ave observed st i l l  h igher 
shorel ines with boulders .  These h igh e levated shorel ines a re very old .  

The  coastal pla in  around Brøggerhalvøya is fa i rly  smooth and  
widest where i t  l ies i n  easi ly soluble rock, as  at Kvadehuken,  where 
it atta ins  a width of five k i lometres. 
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During the late st great advance of the glaciers the coastal plain has 
been partly covered by ice. This can be seen on  the coal fi eld ,  where 
Brøggerbreen at that t ime has carved out the depression of Tvil l ing
vatna and in front  of  the glaeier down to the low ridge a long the shore .  
Brøggerbreen h a s  a t  that t ime been advanced about 1 500 m etres com
pared with the present front  l ine .  Moraine rem nants are sti l l  found 
a long the old front l ine .  This  progression m ust have taken p lace 
earl ier than the last submersion of the l and , during which the youngest 
terraces have been deposited,  as these would otherwise have been 
removed . 

The old m oraine has certainly been a lm ost continous around the 
old front ,  but dur ing the l ast submersion i t  has been washed out  and 
seattered broadcast and part ly deposited as terraees. Accordingly i t  
i s  now d i fficult to determ ine what is  moraine and what is  terrace. Only 
a t  the h igher points  which the sea h as not  reached, are the moraines 
st i l l  recognisable .  

Vogt ( 1 927) has poin ted to a present sinking of  the land and,  
amongst other proofs ,  he mentions that the beach is  not  la id  bare a t  
low water. As I have a l  ready mentioned under the description o f  the 
coast, this fact is due to the easy solubi l ity of the l imestone .  A lmost 
everywhere at projecting points of  the c l iff, where transported m aterial 
i s  not deposited , we find these conditions along the l imestone c l iff. A 
cl iff of soluble rock wil l  thus not give rel iable data as to level changes 
of the land .  It is  possib le  that the land has sunk in  the last few cen
turies, but, if so, i t  is  only inconsiderable. 

Coat Seams. 

SeveraI years e lapsed before a l l  the sea ms on the Kings Bay coal 
field were known. During dri l l ing work i n  1 928, however, we gained 
such detail ed knowledge of the sequenee that we may now say with a 
fair  degree of eertainty that  no  further seam of  any importanee wi l l  
ever be found .  Smal l  seams without any eeonomic va lue and  only 
extending over I im ited areas may be found in  the western most part of 
the field and i n  the upper part of  the  sequence. 

The examinat ion of the eoal field has confirmed the supposit ion 
that the seams vary widely in th ickness and appearance, even over 
short distances. 

As already pointed out under the treatment of  the Tertiary,  the 
seams are concentrated i n  the lower and upper parts of  the sequence, 
whereas the Light Sandstone does not contain any seam . 

I n  the Lower Coal h orizon, which i s  20-40 metres thick, the  m ost 
important seams are from  below : the Ester, Sofie and Advokat sea ms ,  
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but  a l so  some smal l  sea  ms occur. The Agnes-Otel ie ,  J osefine ,  and  
Ragnh i l d  sea ms are in  the upper  part . These s ix seams  have e i ther 
been worked or  are workab le ,  a t  a l l  even ts in some a reas i n  the  fie ld .  
Al l  the other known sea ms a re too tri f l ing to be of any commerciaJ im
portance. Yet a seam ly ing between the  Sofia and Advokat seams may 
perhaps be workable in  a sma l l e r  area on Agnesfe l tet .  

Because both the series of  strata as  wel l  as  the  th rust plane d ip  
i n  a southerly d i recti on ,  the lowermost seams have  far more extensive 
a reas than the  upperm ost. These seams therefore play the  m ost pro
minent role in the appra isement o f  the fie ld .  

On Agnesfel tet, østre Cen terfelt ,  and  Vestre Centerfe l t  the seams  
have been exposed at enough points to give us t he  necessary facts for 
the  valuat ion of these parts of the fie ld ; on Vestfeltet we have on ly 
partly deta i led kn owledge o f  the seams,  and on Lagunefel tet no  un
covering work has been undertaken ,  so that  we know n oth ing about 
the deta i ls  of  the  seams here .  

The posit ion o f  the d ifferent sea ms with in the sequence w i l l  be 
apparent from the fol lowing descr ipt ion o f  the d ri l l  records and  the 
columnar  sections on p l .  V I I .  The ir  outerop i s  seen on the  geological 
maps of  the coal fie ld .  

Sections of Borehoies. 

The fol lowing boreholes h ave all been dri l led by Norges Svalbard
og Ishavs-undersøkelser with outfit  from Norsk Diamantborings A lS, 
Oslo, in  the summer  o f  1 928. Only ch i l led-shot dr i l l ing was done ,  and  
the  ho Ies  are a l l  d ri l led i n  a vertica l  d i rection .  As  the  strata are not  
horizonta J ,  but have a south-westerly d ip  from  a few up to 30 degrees, 
the fol l ow i n g  d e p t h s  in m etres do not represent the t h ickness ,  but  the 
depths in  which the bore hoIes have p ierced the d ifferen t  l ayers .  To get 
the real th ickness the d ri l l ed lengths must be reduced in accordance 
wi th  the d ip .  Reduction of  th ickness : D ip  5° 0.4 per cen t . ,  I O c  l . S per 
cent . , 1 5 °  3 . 5  per cen t . ,  20 ° 6 per cent . , 25 ° 9 .5 per cent . , 30 ° 1 3 .5  per cent .  

All the geologica l sect ions h ave been measured by the  wri ter .  
The figures ind icate the lower l im i t  o f  the various beds.  The 

d istance p ierced wi l l  thus be found  for the respecti ve beds as  the 
d ifference between the  figure at the head of the descript ion o f  the 
bed in  quest ion and the  foregoing figure .  

Borehole No. 1 .  

Co-ord ina tes : y = + 9 1 46.93, x = + 80 1 1 .94 .  E l evat ion of  top of 
6 " casi ng  44 .27 metres. Dri l led ,  J uly 1 6  to Aug. 1 5 . Depth of ho l e  
from top  of 6 "  cas ing  1 06.65 metres .  Cores 76  per cent .  of  the d ri l led 
length .  The  hole  was dr i l led from about 1 5  metres under the Agnes-
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Otel ie Seam to the Carbon i ferous layers. Cores : From 0.75 metres to 
2 .25 metres 4 " , from 2.25 metres to the bot tom 3 " . Cas ing : From 
O to 0.75 metres 6 " , to 2 .25 metres 5 " . 

Depths 
i n  rnetres 

Geologica l  Section : 

2.75 Sandstone, greyish-white with dark spots of eoal substanee. Some m ica and 
pyrites. Yel lowish-grey weathering.  

2.85 Conglomerate wi th black pebbles of ehert from the Permo-Carbon i ferous strata 
in sandy matrix. 

8.85 Sandstone ,  same k ind  as above. Partly fine-gra ined .  
1 0.75 Sandstone, dark grey, heavy, with som e pebbles o f  dark ehert, some m iea and 

eoaly substanee .  
1 0.95 Conglomerate with sandy matrix and pebbles of  l igh t quartz and dark eher! .  
1 5 .25 Sandstone ,  l ight grey, partly fi ne-gra ined,  partly eoarse, wi th irregu lar dark 

spots ,  stripes and th in  layers of  eoa ly substance and some pebbles of ehert .  
26.05 Sandstone ,  same kind as above, but  darker and heavier .  Some m ica . 
28.45 Sandstone ,  same k ind  as above, but  eoarse and with m ore pebbles o f  chert .  
29.05 Conglomerate, l ight brown,  sandy matrix with pebbles o f  white quartz and dark 

grey and black chert o f  hazel-nut s ize .  

34.45 Sandst one ,  grey and whi te spotted, coarse,  with smal l  2-4 mm pieces of  
b lack eh ert. 

At  32 metres the dip was measured to be 20 °. This  must be local, as 
i t  i s  less h igher up  and farther down . 

34. 60 Conglomerate, fine ·gra ined  with white quartz and dark chert in sandy greyish
w h ite matrix. 

35.55 Sandstone ,  the same k ind  as above. 
54 .65 Sandstone of the same kind as above with smal l  conglomerate layers in the 

upper part. -

55.05 Sand stone  and eonglomerate alternating. 
6 1 .45 Sandstone ,  same kind as above. 
62.95 Shale ,  dark brown with small  mica flakes,  s l iekensi des and  plant remains.  
63. 1 5  Coal and perhaps earbonaeeous shale .  No eore . 

63.27 Shale,  soft, brownish-blaek.  
64.78 Sandstone ,  fine-gra ined,  grey,  with miea  and dark streaks.  
66.75 Shales, dark grey ish-brown, sandy, with mica alternating with laminated sandstone.  
69.65 Sandstone ,  l aminated with al ternat ing grey layers and b lack b i tum inous l ayers 

with mica. Dip 1 0 0  SW. 
69.75 Coal .  
70.25 Shale ,  dark brown, sandy, wi th s l ickens ides and plant remains .  
70 .35 Sandstone ,  grey, laminated.  
70.75 Shale,  dark b rown , soft, with plant remains .  Dip 1 0 ° SW. 
7 1 .08 Sandstone ,  grey, fine-grai ned and partly laminated. 
73.75 Shale, dark greyish-brown and soft. 
76.60 Sandstone,  grey, a l i tt le slaty sandstone  with thin layers with mica and eoaly 

substanee .  
76 .65 Coal .  D ip  20 ° SW. 
77. 1 0  Sandstone o f  same k ind  as above. 
78.03 Coal .  40 cm core. The upper 1 2 cm of  the eore was eoal and earbonaceous 

shale ,  the lower 28 cm pure eoal .  (Sample 4 ,  1 928). 
78.38 Shale, blaekish-brown, a l i tt le sandy, with black, i rregu lar s l iekensides .  
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79.09 Coal .  3 0  cm core . Upper 1 1  cm of  t h e  core was coal ,  m iddle 8 cm b o n  y coal 
w i th black shale and streaks of  coal ,  and lower 1 1  cm coal ,  (Sample 3,  1 928) . 

8 1 .38 Shale.  greyish-brown ,  a l i ttle sandy, with s l ickensides, plant rem ains  and some 
pyrites.  D ip  1 7 ° SW. 

8 1 .42 ? Coal .  
83.85 Shale,  same k ind  as above. 
83.58 ? Coal .  

83 75 Shale ,  same k ind as above. 
84 .85 Sandstone,  brown, very fi ne-gra ined ,  wi th smal l  traces o f  coal and pyrites. 
85.25 Coal and brown ish-blaek, soft shale with shiny, black s l iekensides .  
86.82 Sandstone , grey, laminated wi th m iea,  partly argi l laceous.  Dip  1 7 ° SW. 
89.00 Sandstone, grey, laminated, partly argi l laeeou s with th in  s l ip-planes.  
9 1 .85 Shale ,  black, with sh iny s l ip-planes. Dip 1 7 °  SW. 
92 .20 Coal .  20 cm core .  Ester Seam.  (Sample 6,  1 928). 

92.45 Shale ,  black. 
93.35 Sandstone ,  laminated with aIternat ing grey and black th i n  layers with m i ca and 

black,  sh iny sl ip·planes.  D ip  20 ° SW.  
93.50 Sha le ,  b lack ,  with s l iekensides.  

95.08 Shale,  dark grey alternat ing with very thin black layers with plant remains .  
95 .75 Shale .  greyish-black. D ip  1 3 ° SW. 

1 00.40 C laystone ,  partly shaly ,  greyish-brown, partly conglomerat ic with pebbles and 
angular b i ts  of green clay stone i n  greyish-brown matrix o f  e lay stone .  Soft .  

Also some pebbles of Permo-Carbon i ferous ehert. 
1 05 .65 Claystone, grey, l ami nated , soft .  Dip 1 5 0 SW. 

Here upper border  o f  Permo-Carbon i ferous strata . 
1 06.65 Glauconi t ic  sandstone and eher! .  Permo-Carbon i ferous.  

Borehole No. 2. 

Co-ordinates : y = + 8772 .30, X = + 8307 .42. Elevation of  the top of 
6 "  casing 29.89 metres .  Dri l led ,  J uly 19 to Aug. 1 6. Depth of  hole 
from top of 6" casing 59.36 m .  Cores 60 per cent .  o f  the  d ri I led length.  
The  dri l l ing site selected was a place about 30 metres above the Advokat 
Seam ,  and the  d ri l l i ng was finished in  the shale about 2 m etres below 
the Ester Sea m .  Cores : From 1 .45 to 3 .83 metres 4 " , from 3 .83 to 
28.36 metres 3 "  and from 28.36 to the bottom 2 1 /4 " .  From O to 1 . 45 
metres we dug a pit  and placed 6 "  casing. To 3 .83 metres 5 "  casing 
was used , and down to 28.36 metres 4 "  casing. 

Depths 
in metres Geological Sect ion : 

1 .45 Gravel .  

6.45 Sandstone ,  l ight -grey, with a thin layer of  eonglomerate at fi ve metres depth.  
6.75 Conglomerate, fine  gra ined,  wi th sandy matrix and 3-5 mm large , l ight  and dark 

pebbles of  chert, partly angular. 
1 2.45 Sandstone, light grey. 

25.30 Sandstone ,  grey with brown weather ing ,  partly coarse. 

25.50 Conglomerate, sandy matrix with pebbles of  chert of  u p  to waln ut  s ize .  
29 .75 Sandstone , grey. 
29.95 Chert conglomerate (the Advokat conglomerate) with pebbles of  ehert i n  green 

grey and black col ours ,  o f  up to walnu t  size. Sandy matrix. 
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30.7 1 Sandstone,  grey, eompact w i th  5 cm eonglomerate lowermost. 

30.75 Coal . 
32. 10  Shale, grey, partly sandy with small pieees of eoal . D ip  1 5 0 SW. 

32.20 Sandstones, dark grey with pyrites. 

34.50 Shale, grey, sandy with plant remains and a thin layer of eoal. 
36. 1 5  Sandston e, grey, laminated with miea flakes.  
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36.7 1 Shale, brownish-blaek, sandy, with a thi n  layer of eoal at 36.30 metres depth, 
and probably a small  eoal seam of about 10 cm from 36.35 to 36.45 metres. 

Dip 1 5 0 SW. 
40.00 Sandstone,  grey, highly argillaeeous, and  with small  pieces and streaks of eoal . 
40.05 Coal streak. 
40.73 Sandstone ,  grey. 

4 1 . 1 5 Coal seam. U pper 8 - 1 0  em with shale. Core 15 em. Dip 1 3 0 SW. 

43 .20 Shale, dark greyish-brown and sandy, with plant fossi ls on  the bedding planes. 
44 .25 Sandstone,  dark brown, slaty, with miea and plant remains .  
44 .32 Coal. 

44 .90 Shale, greyish-brown, sandy. 
44.93 Coal streak. 
45 .85 Sandstone,  greyish-brown, argillaeeous and with mica. Fine-grained .  
46.52 Coal .  Core 25 em.  U ppermost earbonaeeous shale .  (Sample 9 ,  1 928). 
47 .67 Shale, grey, h ighly sandy with mica. In the upper part also blaekish-brown, soft shale. 

48.00 Shale, blaekish-brown with parti ngs of eoal .  A streak of eoal lowermost. 
48.48 Shale, greyish-blaek, sandy and hard. 
48.63 Coal or earbonaeeous shale. No eore. 
49.48 Sandstone,  grey, slaty. 
49.55 Carbonaeeous shale. 

49 .77 Sandstone ,  grey slaty. 
50.06 Shale, blaekish-brown, soft, with earbonaeeous shale lowermost. 
50. 1 5  Coal. Dip 14 ° SW. 
50.75 Sandstone,  slaty, grey, with miea and plant remains  on  the bedding plan es.  
50.88 Coal and earbonaeeous shale.  

52.85 Sandstone,  grey. 
55.72 Sandstone,  laminated, brown, with mica,  plant remain s  and partings of sandy 

shale. Dip 1 0 0 SW. 
56.75 Coal .  Ester Seam. Core 25 em. (Sample 8, 1 928) , 
57.24 Shale, very soft ,  grey with small plant remains. 
59.36 Conglomerate , greenish-grey, w ith matrix of greyi sh-brown elayst o n e  with pebbles 

and angular b its of green shale. D ip  3-5 0 SW i n  the lower part .  

Borehole No. 3. 
Co-crd inates : y =  + 9 1 49. 1 4 , x =  + 8404.73. Elevation  of top o f 6" 

casing 29.65 metres. Dri l led ,  Aug. 8 to Aug. 30. Depth of  ho le  from 
top of 6 "  casing 46.90 metres. Cores 40 per cent .  of the dr i J led l ength . 
Dri l l ing was commenced about 1 5  m etres above the  Advokat level ,  and  
the ho le  was dri l led down to the Permo-Carbon i ferous strata. Cores : 
From 2. 1 6  to 8.72 metres 4 " ,  from 8.72 to 2 1 .34 metres 3 " , and  from 
2 1 .34 metres to t he  bottom 2 1/4 " .  From O. t o  2 . 1 6  metres a p i t  was 
dug and 6" casing used.  Down to 8.72 metres 5 "  casing was used 
and to 2 1 .34 metres 4 "  casing. 
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2. 1 6  G rave ! .  
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GeologicaI Section : 

1 2.08 Sandstone ,  l ight gre y and eoarse w i th streaks of eonglomerate . 
1 3 .60 Sha le ,  grey. 

1 4 .00 C lay. 
1 8. 1 6  Water spr ing wi th brown sand from iron oxs ide .  
2 1 .55 Sandstone ,  grey, l ami nated ,  arg i l laeeous,  w i th 10  cm eore o f  eoal  u ppermost. 
22.67 Coal seam Sofie .  Core : 35 cm. (Sam ple  5 ,  1 9281 . 

28. 1 9 Sandstone, lami nated ,  h ighly arg i l laeeous,  fi ne -gra ined  and  with m i ea on t he  

bedd ing  p laees .  
28.70 Shale ,  grey ish -brown.  
29 . 1 0  Sandstone, grey , ve ry fi ne-gra ined ,  arg i l laeeous .  
2 9 . 20 Carbonaeeous shale .  
30.30 Sandstone ,  grey, fi ne-gra ined  and  arg i l laeeous.  Partly l aminated a n d  w i th eoal 

from plant rema ins  on  the bedd i n g  p lanes .  

30. 40  Sha le ,  dark brown and soft. 
30.90 Sandstone ,  grey, fine-gra ined ,  partly l ami nated.  
3 1 .0 1  Sha le , brownish -b laek and  earbonaeeous shale .  
3 1 .60 Coa ! .  Core 7 cm. 
3 1 .80 ? Sandstone ,  grey, hard, w i th miea .  
32.09 Shale ,  dark brow n .  
33.09 Coal seam. Ester Seam.  Core on ly 6 cm .  T h e  dr i l l i ng  mud  eonta i ned m ueh 

earbonaeeous shale .  
33.50 Shale, brown, soft. 
35.55 Claystone eonglomerate,  grey matrix of e laystone  w ith green pebbles and angular 

b i ts of  e laystone  and  black pebbles of Permo-Carboniferous eher!. 
37.66 Claystone,  grey, soft. At  the bottom red from i ron  oxide .  
38.30 Claystone ,  red, a l i ttle shaly ,  w i th fl akes o f  m iea. Mater ia l  from Devon i an strata. 
38.70 Claystone  eonglomerate , same k ind  as  above. 
40.30 Shale  red,  eonta i n i ng  p lant  remains .  

42.00 Claystone eonglomerate, partly gre y,  partly redd ish w ith pebb les  and  p ieees  of 

green e laystone and  ehert in  e laystone _  matrix .  
44 .00 Shale,  red . 
46.70 Claystone  eonglomerate w i th  some red layers. Same as above,  but  a lso some 

pebbles of  ehert and some smal l  i rregular l ayers of l i m estone .  
H e re upper border  of Permo-Carbon i ferous strata. 

46.90 Conglomerate of  green ,  g laueoni t ie  sandstone  and ehert be long ing to the Permo
Carbon i ferous .  

Borehole No. 4. 
Co-ordinates : y - + 8236.07, X � c  + 8293 .4 1 .  Elevat ion o f  t op  o f  

6 " cas ing 1 8 .52 metres . Dr i l l ed ,  Aug. 20 to Oct. 3 .  Depth o f  ho l e  from 
tap of 6 " casing 1 49.09 me tres .  Core : 40 per cent .  o f  dr i l led l ength . 
Dr i l l ing site on  Leirhaugen a bout 45 metres above the Agnes-Ote l i e  
Seam.  Dr i l l ed down to the Permo-Carbon i ferous stra ta . Cores : From 
2 .40 to 7 .62 metres 4 " , from  7 .62 metres to the bottom 3 " . From 
O to 2 .40 m etres 6 " casing i n  dug pit ,  down to 1 2 . 50 metres 5 " casing .  

Depths Qeo logical Section : i n  rnetres 

2.40 Grave l ,  e lay and  stones. 

7 .62 Dr i l led  i n  a m ixture o f  frozen  earth, elay and  loose stones, eonta i n i ng  streaks 

and smal l p i eees o f  eoa! .  



Depths 
in metres 
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9.00 ? Sandstone, grey, argi l laeeous and very sandy shale alternat ing.  
1 1 .00 ? Sandstone ,  grey, h ighly argi l laeeous with bi ts of  eoal from plant  remains .  
1 1 .95 Sha le ,  grey, sandy.  

9 1  

1 5.50 ? Sandstone, grey, flne-gra ined and arg i l laeeous, partly laminated with eoal on 
the bedding planes.  Also layers of  sandy shale .  

1 6 .50 Shale ,  dark grey with masses o f  plant foss i l s  on the bedding planes .  
1 6 .82 Sandstone,  fine-gra ined and  h ighly argi l laeeous.  
1 6.97 Coal with black streak and res i n  i n  smal l  pieees.  

1 7 .80 Shale, b lack, w i th streaks of eoal and plant foss i l s .  Traees o f  res i n .  
1 8 .70 Sandstone,  grey, arg i l laeeous, fl ne -grained .  
1 8.78 Sandstone,  greyish-green ,  laminated, with py rites. 
2 1 .40 Sandstone o f  the same variety with eoal (vi trite) on the bedding planes .  Con

ta ins  pyrites. D ip  I S ° SW. 
25.50 Sandstone,  eoarser and with p iece,: o f  eoa ! .  
26.35 Conglomerate, greyish-green wi th sandy matrix and grey and b lack ehert pebbles 

of haze l -nut  s ize .  Conta ins  also smal l  p ieees o f  eoal and is  stained by pyrites .  
26 .55 Sandstone ,  greyish green and flne-gra ined.  
26.92 Shale,  blackish -brown.  

27 .09 Coal ,  carbonaeeous shale and dark shale  eonta in ing  eoal substanee.  
27.25 Shale,  grey and sandy.  
27 .60 Sandstone ,  grey i sh-green .  

27 .99  Conglomerate, greyish -green,  w i th  sandy matrix and pebb les  o f  eilert. Some 
smal l  p ieees of  eoa! .  

28.40 Sandstone, green,  eoarse. 

33.40 Conglomerate, sandy matrix and masses o f  ehert pebbles o f  white and grey ish -

black colour of up to walnut  s ize and partly angular. 
36.00 Sandstone ,  grey, fi ne -grai ned and h ighly arg i l laeeous with plant remains .  
36.30 Sandston e, l ight grey and hard . 
37.20 Conglomerate with l ight grey, sandy m atrix and pebbles of ehert and quartz 

of up to walnut s ize in whi te and dark grey eolours .  
37.55 Sandstone, grey ish-wh ite.  
38.80 Conglomerate with sandy matrix and pebbles of  white quartz and dark ehert. 

On ly partly over haze l -nut s ize .  
39 .40 Sandstone,  l ight  grey and eoarse with same large pebbles .  Dip  20 ° SW.  
44 .50 Conglomerate wit ll l ight grey, partly grey ish-green matrix and pebb les  of quartz 

and black ehert of  up  to walnut  and potato s ize . 
44.75 Shale ,  dark grey. 
45.50 Coal seam.  Agnes-Ote l i e  Seam. Only 7 cm eore. From the dr i l l ing  mud i t  is 

seen that the eoal seam conta ins  a h igh degree of carbonaeeaus shale and shale .  
45.75 Shale,  b lack wi th eoal s ubstanee .  
50. 50 Sandstone, grey and eoarse .  
52.20 Sandstone, grey  wi th  m i ea flakes,  a l i tt le slaty. PartI y eurrent bedd i ng. D ip  

20 ° SW. 
52.80 Sandstone of the same kind as above, but  with some eonglomerate streaks in 

wh ich black angular bits o f  ehert o f  pea s ize .  
57 .20 Sandstone ,  grey and eoarse. 
59. 20 Sandstone ,  grey, l am inated, partly arg i l laeeous and with m iea. 
6 1 .50 Sandstone, grey and eoarse. 
62.20 Sandstone ,  laminated wi th coal on the bedding p lanes .  
64.50 Sandstone ,  grey. D ip  20 ° SW. 
65 .35 Sandstone, grey wi th darker i rregular flgures .  
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i n  metres 
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65.50 Chert eonglomerate , blaek spotted .  
7 1 .80 Sandstone ,  grey with some lamination .  D ip  20 ° SW.  
82.00 Sandstone,  grey eom pact. 
82.25 Conglomerate with beautifu l  green-mottled ,  sandy matrix and wh ite and black 

pebbles o f  quartz and chert, and  partly aIso glauconit ic sandstone from the 
Permo-Carboni ferous layers. Contains also pyrites. 

86.50 Sandstone, grey with pyrites and a few pebb les o f  chert. 
86.85 Conglomerate with sandy m atrix and pebbles o f  l ight  and dark quartz and ehert 

from pea to hazel -nut  size .  
9 1 .90 Sandstone, grey wi th m ica, lower part coarse .  
92. 1 5  Conglomerate with green ish ,  sandy matr ix and pebbles o f  chert .  
93.00 Sha le .  

1 08.70 Sandstone, grey. 
1 09 00 Conglomerate with about 1 0  cm sandstone in the midd le .  
1 1 0 .00 Sandstone ,  gre  y, partly coarse. 
1 1 0. 20 Chert eonglomerate. 

1 1 4 .00 Sandstone,  grey, partI y coarse .  
1 1 4 .20 Conglomerate, sandy matr ix and ehert pebbles .  

1 1 6.00 Sandstone ,  grey. D ip  1 7 ° SW. 
1 1 8.20 Shale,  h ighly sandy  with mica and stems  of  plants .  Part i  ngs of sandstone i n  

t he  l ower  part. 
1 1 8.40 Sandstone, grey, laminated. 
1 2 1 .25 Shale, grey, sandy with m ica and mas ses of plant remains .  
1 2 1 .30 Coal .  Durite with streaks o f  shale .  
1 22. 55 Sandstone ,  grey, laminated , highly argi l laceous with mica .  Coal and plant foss i ls  

on  the bedding planes .  Contains  a lso layers of brown sha le .  
1 23 . 1 5  Shal e ,  d ark brown , soft ,  w i th p lant  remains .  
1 24 .20 Shale ,  grey ,  sandy,  with m i ca and plant stems  on the bedding p lanes .  In  the 

bottom traces of coal .  
1 26. 1 0  Shale,  highly sandy, with coal and plant remains on  the bedding planes .  Traces 

of coal on 1 26 . 1 0  m .  
1 26.77 Shale , dark greyish-brown, i n  the upper part very sandy, i n  the lower part 

less sand y and with black, sh iny s l i p  planes .  Contains  p lant  remains .  
1 27 . 1 5  Sha le  w i th  a l i ttle coa l  and earbonaceous shale . N o  core. 
1 27.57 Coa1 and shale .  
1 29.40 Shale,  grey,  sandy with mica  and smal l  p ieces of  plant sterns .  Brown sha1 e 

with b i ts of coal in lower part. 
1 29 .55 Coal (Durite) and carbonaceous shale .  
1 29.75 Shale ,  brown, sandy, wi th m ica and plant remains .  
1 29.94 Coa l .  Core 12  cm.  

1 30.22 Sandstone, dark brown,  very fine -gra ined ,  argi l laeeous wi th plant remains .  
1 30.32 Coal (Durite) wi th  streaks o f  sha le .  Core 5 cm .  
1 30. 53 Carbonaceous sha le ,  eoa l  and brown shale .  

1 30 .95 Sandstone ,  brown ,  fine.gra ined with plant remains . 
1 3 1 .05 Coal .  D ip  1 6 ° SW. 

1 3 1 .40 Sandstone, brown, fi ne-gra ined with plant remains .  
1 3 1 .80 Coa l  and carbonaeeous sha le .  Core 23 cm.  

1 34.29 Shale ,  brown,  h igh ly  sandy with mica and  p lant  remains  on the bedding plan es .  
1 34 .90 Shale,  grey,  sandy with a coal  streak at the bottom. 
1 36.28 Shale ,  gre y, pa rtly very sandy with coal on  the bedding plan es .  
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Depths 
n metres 

1 37.38 Coal .  Core 20 cm.  On 1 37 .:\8 probably a th i n  l ayer 
of  shale . 

1 38.25 Coal .  Core 80 cm.  The lowermost 30 cm of the core 
was bony coa ! .  
Sha le ,  brown,  w i th  p lant  remains .  

Ester seam. 
(Samples 10 and 1 1 , 

1 928). 
1 38.40 

1 38.70 

1 47.40 
Claystone ,  greyish-green,  with some pebbles and  angular b i ts o f  green c 1aystone .  

Claystone  conglomerate wi th grey ish -brown matrix of  claystone and pebbles and 
angular  b its o f  green  c laystone and more rare ly chert. 

1 48.80 Shale, brown and green  alternat ing.  Dip 16 o SW. 
U pper border of Permo-Carboniferous strata. 

1 49.09 Glauconit ic sandstone ,  green and wi th pyrites. Permo-Carboniferous. 

Borehole No. 5. 

Co-ordinates : y - - + 1 1 0 1 9, X - + 89 1 2. Elevation of top of 6 "  casing 
50.04 metres. Dri l led, Sept. 3 to Sept. 1 5 . Depth of  hole from top of  
6" casing 68.74 metres. Core : 42 per cent .  of  dri l led length . Dri l l ing 
s i te j ust above the Advokat  Seam. Dri l led down to the Permo-Car
boniferous strata. Cores : From 1 . 45 to 7 . 1 1  metres 4 " , from 7 . 1 1  metres 
to the bottom 3 ". From O to 1 . 45 metres a pit  was dug, in which was 
pl aced a 6 "  casing, to 7. 1 1  metres the hole was l ined with 5 "  casing. 

Depths Geological Section : 
i n  metres 

1 .45 Sandstone ,  loose blocks.  

2. 1 7  Conglomerate, fine-gra ined with grey,  sandy matrix and black chert pebbles of  
up to pea size .  Much pyrites ( the Advokat conglomerate) . 

3.97 Sandstone ,  grey, poss ibly also shale.  
4.47 Coal .  No core.  
6.00 Shale. 

7 . 1 1  Coal .  N o  core . 
7 .65 Shale. 

8 .35 Coal .  No core . 
9 .48 Shale,  brown .  

1 0.00 Coa l .  Core 35 cm.  (Sample 2, 1 928). 
1 0.46 Shale,  grey, with carbonaceous shale.  

1 1 . 1 4  Coal seam. Core 55 cm. U pper 13 cm of the core was carbonaceous shale,  
the middle 34 cm coal and the lower 8 cm carbonaceous shale.  (Sample l ,  1 928) . 

1 2.20 ?  Shale, b rown, soft and carbonaceous shale .  
1 3 .00 ? Sandstone,  dark brown, argi l laceous, heavy, with smal l  gra ins  of pyri tes. 
1 3 .60 ?  Shale, dark brown and soft. 
1 4.00 Sandstone, fine-grained ,  gre y and argil laceous.  

1 4 .40 Shale ,  brown and soft .  
1 4 .72 Sandstone,  argi l l aceous, laminated and sandy shale wi th mica alternating. 
1 5.24 Coal seam. N o  core . 
1 5.35 Shale, brown and soft. 
1 9.38 Shale, brown, sandy with mica and parti y with plant  remains .  The upper part 

highly sandy and may be termed argi l laceous,  laminated sandstone .  
20.23 Coa l  seam.  N o  core. D i p  between 7 and 1 9  m etres depth 30° on the  average. 
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Depths 
in metres 

20.33 Shale , brown ,  h igh ly sandy .  
20.43 Coal .  N o eore .  

2 1 . 00 ?  Sha le , highly san dy ,  brown and conta in ing  m i ca. Dip loca l ly  u p  to 45 ', which 

sh ows us that  d i sturbances must  have taken p lace .  
23.33 Sandstone ,  grey w i th coal from p lant  remains  on  the bedding p lan  es .  D ip  a lso  

here loca l l y  u p  to 4 5  J .  
23. 63 Coal . Core 7 cm.  
24.00 Sandstone ,  grey. 

24 60 Sha le ,  brown ,  sandy, with m i ca .  
26.29 Shale,  grey ish-b lack ,  i n  the upper part very sandy.  
26.49 Coal Core 1 0  cm .  
2 7 . 1 0  Cabonaceous sha l e  w i th  coa ! .  The  core ind i cates that d i sturbances have  taken place . 
27.30 Shale ,  b rown and with traces of coa! .  
29.72 Sandstone ,  l i ght grey, a rg i l laceous and  w ith mica .  A l i ttle shale i n  the midd le . 

30.75 ? Sha le, grey ish-brown ,  sandy. 
3 1 .42 Sandstone ,  grey, argi l laceous with shiny s l i p  planes. Dip up  to 35 c .  
32 74 Coal .  Core 65 cm.  (Sample 7 ,  1 928) . Dip 25 ° SW. 
33.00 ? Shale ,  black and argi l l aceous.  
33.70 Sandstone,  greyish-green, l ami nated ,  conta in ing  m ica. 
34 .68 Shale, grey ish -b lack,  sand y ,  with m ica. 
35.82 Coal . No core . Also shale in the d r i l l i ng mud .  Thus the seam does not  eonta in  

on ly eoal .  
3 6 . 3 5  Sandstone ,  very fl n e-grai ned ,  grey and h igh ly  argi l l aeeous.  Conta i n s  pyri tes .  

37.40 Coa! .  Core 7 cm.  The dri l l i ng m ud contained p ract iea l ly  noth ing  but eoa! . Dip 2Sc SW. 
4 0 . 4 0  Shale ,  grey, h ighly sandy. May part ly be termed argi l laeeous ,  l am inated sand-

stone .  D ip  1 7 "  SW. 

4 1 .35 Shale ,  greyish-blaek,  upwards gradua l ly  turn ing to grey, sandy sha le .  
4 3 . 7 2  Coa l .  Ester Seam .  Core 1 .80 metres .  (Sample  1 3 , 1 928) .  

45.50 ? Claystone ,  brown , soft with some bits of green c laystone  i n terbedded i n  the lower part. 

48 .20 Claystone ,  l ight brown wi th some pebbles and angu l a r  bits of green c laystone .  
50.25 Claystone  conglomerate, greyish-brown matrix of  e laystone  with pebb les  and  

angu lar  b i ts o f  green  e laystone .  
53.75 C l aystone ,  green ,  soft. 
68 .00 Sha le ,  greyish-brown, soft, wi ts some green  layers u ppermost. At  5 7 . 95 metres 

depth the d r i l l  p i e rced a gas spr ing wi th methan.  Dip at 52 metres 20 " ,  at 
54 metres i rregu lar  on  beha l f  of  d i stu rbances,  between  54 and 58 m etres 5 °, 
at 6 1  metres 8 ", and lowermost l O "  SW. 

At 68.00 metres upper l imit  of Per lllo-Carbon i ferous strata. 
68.74 Glaueon i t i c  sandstone with ehert. Permo-Carbon i ferous.  

Ester Seam. 
The Ester Seam i s  the lowermost  seam and the m ost i m portan t i n  

t h e  w h o I e  coaI  fi e I d .  I t  h a s  n o t  o n I y  a good ave rage t h ickness ,  b u t  
a I s o ,  owing t o  t h e  I o w  strat igra p h i c a I  posi t io n ,  t h e  I a rgest coaI  area .  
Except ing s o m e  a reas, where t h e  seam has  been exposed to extens ive  
tecton icaI  d is turbances, i t  h a s ,  from the  m a j o rity o f  the  pi ts  and 
borehoIes ,  been I oca I ised w i t h  work a b I e  th ickness .  

T h e  Ester Seam was n o t  p roved to be a s e I f-existent  seam unt i l  
t h e  autu m n  of 1 923 , w h e n  S h e rd a h I ,  t h rough test -p i t  workings ,  exa m i n ed 
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the sequence below the Advokat Seam .  The reason why the test
pits were driven down at tha t  t ime was that the seam in  the Olsen 
Mine had been found through the geological  mapping to be situated 
in about the same stratigraphical horizon as the Advokat Seam ,  but 
d id not seem to be identical with this seam .  Sherdahl then under
took an  examination of the sequence below the Advokat Sea m in  
østre and Vestre Centerfel t  and found both the  Ester and the Sofie  
seams .  The Ester Seam had certa in ly been observed earl ier on Kol
haugen and at  Anneksj onshytta , but the  sequence upwards in both 
these spots was so covered with loose materia l  that i t  was impossi ble 
to state with certa inty that  the seam did not belong to the Advokat 
horizon . 

The Ester Seam rests everywhere on the Bottom Shale ,  wh ich is 
very easi ly recognised , and is  a certa in  indication of the presence of 
th is coal seam .  

U nder  the  m icroscope the  rock forming the  foot wa l l  o f  the seam 
i n  Pit 45 is seen to be a sha le conta in ing much calc i te and some grains 
of  quartz in a dark ,  part ly organ ic, matrix.  

In the  foot wal l  in Pit 34 is a dark brown fine-gra ined rock, which 
should rather be term ed a shale rich i n  coaly substance. About one
ha l f  o f  the rock is made up of angula r quartz gra ins  with d iam eter of  
0.02-0.03 mi l l imetres and smal l  fl akes of  mica .  The rock conta ins calcite. 

The hanging wal l ,  which is  usual ly  good and strong, consists in 
Agnesfeltet and on the eastern part o f  østre Centerfelt  o f  shale ,  farther 
to the west a lso of  very sandy shale and sandstone .  

The microscopical examination of  the sandstone from the h anging 
wal l  i n  Pit  34 on Kolhaugen shows that the quartz gra ins are of a d i ameter 
of  0 . 1 -0.2 mi l l imetres. The matrix is made up of  si l ica with a great many 
si l ic i fied,  tubular gra ins (Si l ic ious a lgæ)  wi th  a circu lar  transverse section  
of  0.03 mi l l imetres diameter. The gra ins  are partly r im med by secondary 
i ron oxide forrned from pyrites. Chlorite is also seen .  

Between the Ester Seam and the above-lying Sofie Seam there is  
a distance of  8- 1 2  metres fiJ led up  with shales ,  sandy shales and 
sandstone. 

The Ester Seam represents the l owermost growth period of  the 
Tertiary. The coal seam is  o f  autochthonous origi n ,  made up o f  p lant  
materia l  growing in to a great, swampy moor. 

The th ickness varies somewhat .  I t  is greatest in Agnesfeltet and 
østre Centerfelt, v iz .  up to 2-3 metres .  I n  Vestre Centerfeit i t  i s  1 .0-
1 .5 metres, and in  borehole  4 i n  Vestfeltet i t  i s  again greater, but  the  
l owermost par t  is here very r i ch  i n  ash , and must be term ed bony coa ! .  

The  detai led sections of  the seam from the d ifferent points wil l  
be seen from fig. 32. The sections are arranged from east to  west. 
Sections measured in  the mines or in  the test-pits a re all exaet, whereas 

7 
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t h ose fro m  the  d r i l l  records m a y  conta i n  pa rti ngs o f  s h a l e  o r  other 
rock,  wh ich h a v e  n o t  been n oticed o w i n g  to m i s s i n g  cores .  C o m m on l y ,  
pa rti ngs o f  s h a l e  a re i n terbedded i n  t h i s  se a m .  T h ese pa rtings h ave 
u s u a l l y  o n l y  a t h i ckness o f  fro m  a few m i l l i m etres to s o m e  cent im etres,  
and are very d i fficul t  t o  separate fro m  t h e  eoal  by  h a n d .  

As t h e  coa l  sea m varies considerably  i n  d evelopment ,  t h e  secti o n s  
w i l l  be m o re o r  l e s s  casua l ,  a n d  d o  n o t  s h o w  a n y  a ve rage o f  the  seam 
i n  the  d i fferent  a reas.  

The section at A nneksjonshytta, co-ord i n ates : Abt .  x -t- 8750, 
Y + 1 2650, i s  t h e  o n l y  o n e  fro m  Østfeltet .  T h e  total  co al th ickn ess 
i s  1 . 20 m etres with a pa rti n g  o f  0.2 m etres s h a l e .  T h e  sect i o n  was 
m e asured i n  t h e  brook cutti ng  south o f  the  hut i n  1 922. The spot h a s  
l a te r  b e e n  covered by gravel  a n d  boulders .  

T h i t:kness 
in metres 

Sandstone with plant foss i ls  and eoal fragments. 
2 .00 Shale with eoal substanee .  
0 .30 Sandstone, l ight .  
ll.1S Shale ,  sandy.  
0 25 Carbonaeeous shale .  
0 .25 Shale ,  dark brown ,  wi th  mueh eoal  substanee .  
0.35 Sha le ,  grey. 

0 .60 eoal (Analysis 3) .  

0.20 Shale,  brown . 
0 70 Coal (Analysis 4 1 .  

6 .00 Shale ,  green a n d  easy weathered.  

The n ext  secti o n  westward i s  fro m  b o re h o l e  5, Agnesfeltet .  As 
the th ickness h e re i s  2 .25 m etre s ,  th e re i s  every reason to bel ieve that  
t h e  th ickness i s  workable  t h roug h o u t  Østfeltet .  T h e  o bservat ions  of  
Blomstra n d  a lso  point  i n  t h i s  d i recti o n .  At h i s  l ocal i ty  3 i n  t h e  brook 
o n  t h e  eastern s ide o f  Love n b re No.  1 ,  h e  fou n d  t h e  eoal  sea m cropping 

o u t  w i t h  a h o rizonta l  width o f  a b o u t  8 feet  and a d ip  o f  60 ' .  T h i s  
correspo n d s  t o  a th ickness  o f  a b o u t  2 .2  metres .  Østfel tet i s ,  h owever ,  
very n a rrow, a n d  t h e  att itu d e  o f  t h e  l a yers i s  i n  some i n stances very 
steep .  T h i s  area w i l l  t h u s  be very d i fficu l t  to work .  

I n  Agnesfeltet  t h e  a ve rage  th ickness fro m  borehole  5 a n d  test-p i t  5 1  
i s  a l i t t le  a bove 2 m etres.  I n  the  a u t u m n  o f  1 929 S h e rd a h l  worked 
down s o m e  test-p i ts a long t h e  o utcrop here .  Along a d i sta nce o f  about  
200 metres h e  fou n d  a th ickness o f  only 0.5 m e tres,  and accord i ng l y 
t h e  coa l  sea m m u st be i rregu l a r  a lso i n  t h i s  a re a .  

T h e  secti o n  from b o r e h o l e  5 i s  se e n  fro m  t h e  d ri l l  record . 

Test- pit 62 . C o - o rd i n ates : x + 9 1 00, Y 
24/8_2 1 /9 1 927 by S m ith  Meyer ,  m i n i n g  engineer .  
p i t  was 1 0 .2 m e t res ,  a n d  fro m  t h e  b otto m o f  t h e  
d ri l led  by m ac h i n e .  D i p  45 0 S W . 

T h e  geological  sect ion  was : 

+ 1 0900, worked 
The depth of  t h e  
p i t  2 .5  m e tres was 
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S E C T I ONS 
OF 

E S TE R SEAM 
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Th i ck ness 
i n  metres 

A N D E RS K. O R V I N  

2. 1 0  Clay and  gravel 
2.90 Shale, l ight  and soft 

2 .30 Sandstone ,  l ight ,  hard and  fi ne-grai ned 
5.4 0 Shale ,  l ight  and  sandy 

The seetion in  the pit  was very i rregu l a r  owing to fold ing ,  and 
seems to be situated in  the foot wall of the Ester Seam .  

From t h e  test-pit 62  t o  seven metres north o f  test-p i t  67 ,  a trench 
was dug and blasted down to 1 . 5 metres, and in  seven spots with 
regular spaeing small pits were blasted down to two metres without 
any eoal being found .  

Test-pit 65.  Co-ordinates : x = + 9087 , y + 1 0892 , e levat ion 40. 2 ,  
depth 3 . 1 metres, worked August 1 929. Sect ion by Sherdah l .  

The geologieal section was : 

Th i ckness 
in metres 

1 .30 Gravel and clay 

1 . 1 0  Clay 
0.70 Shale from the Ester foot wa l l  

Test-pit 66. Co-ord inates : x - + 9074, y '. + 1 0886. 5 ,  elevation 
4 1 .2 metres, depth 2 .7  m etres. Seetion by Sherdah l .  Worked Aug. 1 929. 

The geologieal section was : 

Th i ckness 
in rnetres 

1 .30 Gravel and c lay 

! . l O  Clay 
0.30 Claystone  conglomerate fro m  the Ester foot wa l l  

This  p i t  was  thus  s i tuated below the coa l  seam .  

Test-pit 68. Co-ordinates : x . + 9 1 2 \ ,  Y + \ 0806, e levat ion 40.5 ,  
depth 8 .5  metres. Geological seetion by Sherdah l  was : 

Th i ckness 
in rnetres 

7.4 Gravel w i th some clay 

1 . 1  Clay and arg i l laceous sandstone .  Ester foot wall 

From the pit a 9 .7-metres- Iong crosscut was driven towards the 
south . After an  advance of  7 .8  metres the sea m was found with a 
th iekness of 0.50 metres. The eoal was weathe red ,  and an  a n alys is 
showed 1 5 .46 per cent .  ash . 

Test-pit 70. Co-ordinates : x = + 9 1 44. 5 ,  y -t- 1 9692 , e levat ion 36.0, 
depth 1 0. \ 5  metres. The work was fin ished on Septem ber 1 2 , 1 929. 

Geol ogieal seeti on measured by Sherdahl  was (fig. 35 p .  1 1 \ ) :  
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Thickness 
i n  metres 

8.00 Gravel and c1ay 
1 .00 Sandstone and c lay 

0.30 eoal ,  tight and  partly earthy through weathering. Sample 7 

gave by analysis 1 7 .97 per  cent .  ash 
Shale in the foot wal l  

From this pit a crosscut was driven in to the Sofie Seam .  The section 
from this seam i s  i ncluded under the description of  the Sofie Seam . 

Test-pit 71 . Co-ordinates : x - + 9 1 99.5 ,  y =  + 1 0602, elevation 3 1 .5 .  
depth 7 .00 metres. The work was  fin ished on Sept. 26, 1 929. Geo
logical section  by Sherdahl : 

5.40 metres Gravel and some clay 
2 .60 Shale 

From the bottom of the pi t  a crosscut was driven 1 0.60 m etres 
towards the south without striking any coal. The dip was about 
1 8 ° southerly. 

Test-pit 5 1 .  Co-ordinates : Abt . x ·  . + 9270, y . .. + 1 05 1 5 .  Section 
by Sherdah1  1 925. (Pit  5 1 ;  fig .  32) . 

The seam was struck with a 6.40-metres-deep pi t  i n  gravel and 
c lay .  From here the seam was fol lowed a long the  dip by a slope. 
After an advance of  8 metres the seam was 1 .60 metres th ick, and a fter  
9 .80 metres the thickness was 1 .83 metres. 

In østre Centerfelt  the Ester Seam has been worked from the 
Ester Mine and also from the Sofie Mine .  When the min ing work was 
closed down in  the autumn of 1 929 on  ly this seam was being worked .  
Owing to shearing o f  the strata the seam has been scoured away in  
the who le  northwestern par t  of  th i s  area .  I n  a more l im i ted par t  of  
the destroyed area the whole sequence between the Ester and Sofie 
seams has been cut away,  so that the  Sofie Seam is resting on the 
Ester foot wal l .  

Mining operations i n  the autumn  of 1 929 showed that the  Ester 
Seam was unworkable in  the western part o f  the Ester Mine as well 
as i n  the area  under the Sofie Mine. There was only a workable co al
th ickness along a 400-metres-Iong working front  downwards in the 
eastern part o f  the Ester Mine. This  i rregularity o f  the  seam ,  in connec
tion with the occurrence of  gas and water in the mines , l ed to the ciosing 
down of  the mine i n  the autumn of  1 929, although the th ickness along 
the  eastern fron t  averaged nearly two metres. 

Some test-pits in  østre Cen terfelt gave the fol lowing results : 

Test-pit 44.  Co-ordinates : x - - + 9 1 82,  Y = + 1 0273, elevation 
38. 5 metres, depth 6.70 m etres. Work fin ished December 1 923. Section 
by Sherdah l : 
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T h i ckness 
i n  m etres 

5 .80 G rave i 

A N D E R S K .  O R V I N  

0.40 Sha le ,  l ight  grey, a l i ttl e l imy  

G reen g lauconi t ic  sandstone ,  Carbon i ferous 

The test-p i t  was s i tuated below the eoal sea m .  

Test-pit 45. Co-ord inates : x + 9 1 43 , y + 1 0 1 57,  e levat ion 38. 7 .  
depth 22 .60 metres .  Work  fi n ished j uly 1 924. Geologieal see t ion mea
sured by Sherdah l  was ( Pi t  45 ,  fig .  32) : 

T h i ckness 
in metres 

5.00 Clay and grave l 
4 . 4 0  Sandstone ,  l ight  and hard 
0.50 Sandstone ,  dark and  h igh ly  a rgi l l aceous ,  with coal  s ubstance 

and carbon ised plant-foss i l s  
0. 1 5  Carbonaceous sha l e  
0. 1 5  Sha le  
0 . 3 2  Coa! . A nalysis No .  1 6  
0.35 Sandstone, dark, greyi sh -b rown and  fi ne-gra i ned  
1 .50 Coa! . Analysis No .  1 7  

1 0 . 1 5  Sha Ie ,  so ft and l igh t  
Green g laucon it ic sandstone .  Carbon iferous 

Test-pit 39 . Co-ord i nates : x ··· + 9 1 35 , Y . + 9888 , e levat ion 34 .2 ,  
depth 3 .7 metres .  Worked Oetober 1 923 . Geologieal seet ion by Sherdah l : 

I . 20 metres Gravel 
2.50 Sandstone ,  hard , compact with spots of pyrites 

Test-pit 56. Co-ord inates : X c + 8780, Y + 1 0086, e levat ion o f  
top of  p i t  - 56.5 me tres .  The p i t  was  d riven from Sofie  Mine to the 
Ester Seam a long a faul t .  Length 4 .80 metres. Geologieal seet ion by 
Sherdah l  (P i t  56, fig.  32) : 

Thiekness 
i n  metres 

Sofi e  Seam 
3 .00 Rock 
1 .80 Coal ,  Ester  Seam 

The Ester foot wal l  west of  the fau l t  was s i tuated - 6 1 .3 metres 
above sea- Ieve l .  

Test-pif 58. Co-ord ina tes : x • + 8933 , Y + 990 1 ,  e levat ion of  
top o f  the  p i t  - 6.4 m etres. The pi t  was  d riven down from  the  Sofie 
Mine .  Ester Sea m and the  sequenee between the  two eoal  sea m s  were 
m iss ing .  Depth o f  pit 7 metres. The pit ,  wh ieh  was fin i shed i n  j anuary 
1 927, h ad th us been d riven exclusively i n  the  claystone  conglomerate 
o f  the Ester foo t  wa l l .  

Test-pit 60. Co-ord ina tes : x + 8888 , Y + 9876, e levat ion of the 
top of the  p i t  - 1 7 .5 m etres .  Worked j anuary 1 2, 1 927 from Sofie 
Mine  down to the  Ester Seam ,  which was here made  up o f  on ly 
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0 . 1 0  metres carbonaceous shale . Between the Sofie and the Ester seams 
there was  a rock parting of  l . S metres .  Depth of  p i t  was  2.00 metres. 
Section m easured by the coal company.  

Test-pit 57. Co-ordinates : x . + 8887 , y =  + 88 1 4, elevation o f  the 
top of  the p i t  - 2 1 .2 m etres, depth of  pit 6.70 metres . The p i t  was 
driven down from Sofie Mine to Ester Seam i n  january 1 927. Geo
logical section measured by Sherdahl was (Pit 57, fig.  32) : 

Th i ckness 
i n  metres 

Sofie Seam 

3 .20 Sandstone ,  hard and compact 
1 .50 Coal wi th smal l  shale part i ngs 

Part ing ,  th ickness not spec ified ,  probably about 20 cent imetres 

0. [ 0  Coal 
2. 1 0  Claystone conglomerate . Ester foot wall 

I n  a cross cut three metres towards the south the total th ickness 
of  the coal seam was 1 .80 metres. 

Test-pit 6 1 .  Co-ordinates : x �c + 8922, y .� + 968 1 ,  e levat ion of  
the top of the pi t  - 1 7 .9 metres, depth of  pit  two metres. Geological 
section by Sherdah l .  The pit  was driven on january 1 2 , 1 927, from 
the Sofie Seam towards Ester Seam .  The seam s  were parted by 
1 .30 metres of  rock , and the Ester Seam consisted of 20 cent imetres 
of  carbonaceous shale .  

Test-pit 64. Co-ordina tes : x .� + 8865, y = + 9633. The pit  was 
driven down from the Sofie to the Ester Seam in  j anuary 1 928. Geo
logieal seetion  by Sherdah l .  The distanee between the two seams  was 
only 2 .25 metres, and the Ester Seam consisted of  46 cent imetres eoal , 
greatly mixed with shale .  

Test-pit 54. Co-ordinates : x -� + 9 1 55,  y - c  + 9592, elevat ion 23.3 
metres, depth 1 4.90 metres + 2.75 metres dri l led down from the bottom 
of the pi t .  Geological section  measured by Sherdahl : 

Th ickness 
i n  metres 

3.00 Gravel 
1 1 .35 C lay with bou lders lowermost 
3 .35 Shale. Este r foot wall 

The pit is  situated below the eoal  seam .  

I n  Vestre Centerfelt  t he  seam has been pierced by boreholes I ,  2 ,  
and 3,  as well as by two test-pits on Kolhaugen .  The  dri l l  records 
show that the thickness is rather variable ,  so that the average th ickness 
does not amount to more than abt .  1 . 1 0 me tres. It is  high ly  probable 
that the smal l  thickness i n  bore hole 1 is due to tectonieal disturbances. 

The sections of some test-pits from Vestre Centerfel t  are as fol lows : 
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Test-pit 35. Co-ordinates : x . .. + 8483, Y = + 9660, e levat ion of 
the top of the pit  39.80 metres , of  the bottom 20.60 metres, depth 
1 9.20 metres. The pit  was driven down from the eastern gallery in 
the Olsen Mine (see also page 1 1 4) .  Geological section measured by 
Sherdahl was : 

Th i l:kness 
i n  metres 

Sofie  Seam 
7.50 Sandstone,  greyish·wh ite and argi l laceous 

1 .30 Sandstone wi th a shale bed u ppermost 

0.50 Carbonaceous shale 

1 3. 70 Sandstone ,  soft and h igh ly  arg i l laceous, dark 

The lower 2 .5 m etres was d ri l led . 

Whether the  50-cent imetres- thick carbonaceous shale represents the 
Ester Seam is not quite certa in ,  a l though this i s  most pro bable .  Yet 
I could not flnd  the typical rocks of  the Ester foot wall on the dum ps. 

Test-pit 33. Co-ordinates : x . .  + 8487, Y - + 9032, e levat ion 30.9. 
The pit was worked in  the autumn of 1 923 by Sherdah l ,  but it did no t  
reach the coa l  seam .  The depth was  7 .20 metres, of  which 6 .70 me tres 
in  mora in ic m aterial and 0.50 m etres th rough dark shale. The dip was 
2 1 0 S 30 e, E .  

Test-pit 32. Co-ord inates : x - + 8658, Y - + 8976 , e levation 
42.5 metres ,  depth 5 . 1 0  metres. Work fln ished October 1 923. Geo
logical section measured by Sherdahl was : 

Th i ckness 
i n  rnetres 

1 .20 Gravel 

1 .00 Shale 

0.25 Coal , impure 
1 .20 Shale  
1 .25 Coal . Coal p i eces conta ins  3 .7  per cent .  ash 

Shale from Ester foot wal l  

Test-pit 34 . Co-ordinates : x + 8630, Y + 896 1 ,  elevation 
40.8 metres , depth 1 3 .2 metres. Work fln ished Decem ber 1 923. Dip 
25 o S 30 ° E .  Geological sect ion measured by Sherdah l  was : 

Th ickness 
i n  metres 

6.50 Gravel 
3 .00 Sha le ,  dark 

0.20 Coal and shale 

1 .50 Sandstone ,  brown ,  very fine -gra ined  and arg i l laceous 
0.50 Coal and  shale 

1 .50 Coal .  Analysis 1 9. Coal p ieces conta ined  8.46 per cent .  
ash accord ing to Sherdahl 
Shale, dark. Ester foot wal l  

On Vestfeltet the coal seam has  been pierced by borehole 4 on 
Leirh augen . I t  was here 1 .90 metres thick.  The l owermost part of 
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about 40 centimetres contains very much ash , and can therefore not  
be taken into account .  The net  thickness is  thus about 1 50 metres .  

Further ,  the  seam has been exposed in : 

Test-pit 30. Co-ordin ates : x � c  + 90 1 8, y =  + 7000, elevat ion 
40 metres ,  depth 3 .00 metres. Geological section measured by Sher
dahl i n  October 1 923 ( Pi t  30,  fig. 32) : 

Thickness 
i n  metres 

0.90 G ravel 
0. 1 0  Coal 

0.75 Shale 
0. 1 5  Coal 

As will be  seen the eoal seam i s  here of  no va lue .  

Quality oj Ester Coal. The analys is  tab le ineludes a l l  ava i lab le  
analyses of  co a l  from the Ester Seam .  Severai o f  the samples are more 
or less occasional and do not represent the average of the seam at  
the point i n  question .  The analyses o f  exported coal a re main ly of  
cargoes conta in ing coa l  from bo th  the Ester and Sofie mines  and have 
not  been included in  the table .  Some average analyses of exports are 
i ncluded i n  the chapter Quality o f  Coa l .  

Below I sha l l  g ive  in  eonnection wi th  the analyses a descript ion 
of  some of the coal samples taken by myself on the Ester Seam .  

From borehole 3 no  analysis h a s  been included because we did 
not get sufficient core to give a workable sample .  

Sample 13, 1928 (Analysis 7) was taken from the Ester Seam in 
borehole 5 from the depth of  4 1 .35 to 43 .72 metres. The ana lysis i s  
made o f  coa l  from a coa l  core 1 .80 metres long ,  representing 76 per cent . 
of the whole seam . The analysis is  thus an  approximate average ana
lys is .  The th ickness is  2 .25 metres, when the dri l l ing length i s  reduced 
in accordance with the d ip .  

The  uppermost 20  cent imetres of  t he  core eontained a few streaks 
of  shale and carbonaceous shale some mi l l imetres th ick. The greater 
part of  the eoal was compact and semi-dul l  (durite) , but there were 
also some slaty or laminated parts. The fol lowing 1 0  centimetres were 
pure coal , then 20 centimetres of  coal with pyrites found on fissures 
and as small lenses in  semi -du l l  coals with brownish-b lack streak. The 
fol lowing 1 00 cent imetres contained a lmost pure coal with sma l l ,  seattered 
spots o f  pyrites. The lowermost 30 cent imetres were a l i tt le m ore 
impure, conta in ing pyrites in smal l  lenses and sparks. The streak was 
in a l l  parts brownish-black, and the coal was chiefly durite with a black, 
semi-dul l  eolour .  

The sample was taken as an  average of  the whole core. 
Sample 8, 1 928 (Analysis 9) was from the Ester Seam ,  from 55.72 

to 56.75 metres deep in  borehole 2 ,  west of  Tvi l l i ngvatnet .  The core 
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N u mber  of analys is  

l .ocal i ty of Sam ple  

Moisture . . . . . . . . . . . . . . . . . . . . .  
Ash . . . . . . . . . . . . . . . . . . . . . . . . .  
Coal sub�ance . . . . . . . . . . . . . . .  
Carbon . . . . . . . . . . . . . . . . . . . . . .  
Hyd rogen . . . . . . . . . . . . . . . . . . . .  
Su lphur  . . . . . . . . . . . . . . . . . . . . . .  
N i trogen and  oxygen . . . . . . . . . .  
Coke . . . . . . . . . . . . . . . . . . . . . . . .  
Volat i l e  matter . . . . . . . . . . . . . . .  
Gross calor i fic va lue . . . . . . . . . .  
N e t  ca lor i fi c  val ue  . . . . . . . . . . . .  

Low- 1 Water . . . . . . . .  
Gas . . . . . . . . . .  

temperature 1 Crude o i l  . . . . .  
d i sti l l a t ion  Semi -coke . . . .  

Carbon . . . . . . . . . . . . . . . . . .  
Hydrogen . . . . . . . . . . . . . . . .  
Su lphur  . . . . . . . . . . . . . . . . . .  
N i trogen and oxygen . . . . . .  

-;;; Coke . . . . . . . . . . . . . . . . . . . .  
o Volati l e  matter U . . . . . . . . . . .  
C) Gross calor i fi c  va lue . . . . . .  ..... 

N et ca lor i fic value . . . . . . . .  ;::l o. 
.:.:: 

Low- I Water . . . . . . .  
Gas . . . . . . . . .  temperature / Crude o i l  . .  I d is t i l la t ion 
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was on ly 25 centimetres o r  24 per cen t .  of  the seam .  The coa l  was 
semi-dul l  durite with visible white cacite on fissures and bedding planes .  
The streak was dark brown to blackish - brown . I rregu lar  bedd ing  and 
s l ickensides pointed to tectonical d isturbances .  

Sample 6, 1928 (Analysis 8) was of the Ester Seam in  boreho le  l ,  
Brøggerdalen from 9 1 .85 to 92.20 m etres depth . The thickness was 
34 centimetres and the  length o f  the  core 25 cent imetres or 76 per cent .  
The whole core consisted of semi-dul l  and partly of  dul l  coal (durite) 
with blackish-brown streak and was partly s l aty. Sample was taken o f  
the whole core. 

Sample 10, 1928 (Ana lys is  l O) was of th e Ester Seam in  bore
ho le  4 on Leirhaugen . The analys is  was made on 60 cent imetres core, 
of which 20 centimetres were from 1 36 .28 to 1 37 .38 metres depth and 
40 centimetres from the upper part of  the 70 cent imetre- Iong core obtained 
by  dri l l ing from 1 37.38 to 1 38 .25 metres depth . The coal was semi-dul l  
and part I  y brighter with dark brown to black ish-brown streak without 
distinctive l am inat ion . Calc i te occurs on t iny fissures and bedding planes .  

Sample 1 1 ,  1928 (Analys is  1 1 ) from the l owermost 30 cent imetres 
of  the core from 1 37 .38 to 1 38.25 metres depth in  boreho le  4 on Leir
haugen .  The ana lys is  contains so much ash that  the coal must be 
terrned bony coal .  The lowerm ost part o f  the bed here can thus hard ly  
be worked .  

The samples from the boreholes do not  g ive  an  exact average of  
the coa l seams .  The co a l  t ype wi l l  certa in ly  be near ly  correct i n  the 
ana lyses calculated on pure coal , but  i n  the o ther ana lyses the ash 
content ,  in  particu lar ,  may  be erroneous .  One  would th ink  that the 
purest co al o f  the core would be crushed and lost  during the dri l l ing, 
because th i s  part i s  the m ost bri t tle .  Th i s  i s , h owever,  h ardly any r u l e ,  

because the  soft sha le  often g ives an  equal ly sma l l  core percentage as  
does  the coa l .  Moreover ,  i t  often  h appens tha t  part of  the core becomes 
j am  med in  the  core-tube ,  and in  th is  case the soft rock below wi l l  be 
ground i n to mud .  

From the  ana lys is  tab le  i t  wi l l  be seen that  the  ash content varies 
a great deal . I n  boreho le  5 i t  is  particul ar ly l ow, namely 6 . 1 5  per cent .  

The coke i s  s intered and brittle .  The coals would have to be 
m ixed with other coals to obtain a hard and strong coke. 

The high ash content i s  not  only due to the com mon im purit ies ,  
shale and carbonaceous sha le ,  but i s  also in great measure due to the 
secondary calcite which has  been deposited on t iny fissures and 
cracks. Only part of the calc i te i s  white and can be perceived macro
scopica l ly .  The greater part i s  black and i s  on ly  seen under the 
m icroscope on  pol ished plan es or in  th in sections .  Dr .  Gunnar  H orn 
( 1 928) found such calcite in  a l l  the Kings Bay coals. Th is  con ten t  
of  calcite i s  unquestionab ly due to the speci Hc condit ions o f  the  
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coal  fie ld .  Owing to tecton ical disturbances the coal has been crushed.  
sa that  now innummerable min iature th rusts and faul ts can be seen in  
i t  under the m ieroseope. On  these calcareous water  has circul ated . 
The l ime  certainly originates from the overlying Carboni ferous l ime
stone.  The black colour m ust be due to in termixed coal  dust and 
perhaps so lub le  ingredients of the coa ls .  The in ferior con tent  o f  ash 
i n  some areas may thus d i rectly po int  to less  crush ing and a smal ler  
content  of  calcite .  

This calcite is  obviously a disadvantage, because i t  not  only 
i ncreases the ash content but  also d i rectly consurnes warmth for de
composit ion of  the earbonic acid .  

What has  been written here about the ash con tent of the Ester eoa l  
con cerns a lso the other seams.  

N ei ther the coal  from Ester Seam nor  from other seams a t  K ings 
Bay i s  cannei eoa l ,  according to the examination o f  H orn .  The chemica l  
com posit ion i s  certainly about  the same as the com posit ion o f  the cannei 
c oals ,  but the  strueture i s  quite d ifferent. 

The coal from Ester Seam gives off methane (C H 4) and part ly 
sulphuretted hydrogen (H2S) , the smel l  o f  which eould be perceived in  
some workings i n  the Ester Mine .  

The greater part of the ash content  was found in  the  smal l  coals .  
The table below includes same ana lyses made by the Company o f  the 
run-of-mine  coal on the spot .  

By low-temperature 

Ash 
d ist i J lat ion 

Mine and remarks Coal pet .  Mo i sture Crude o i l  Coke 
pet. pet. pet. 

Ester and Sofie m ines, average of  1 2  an a- Large 8.69 - -
lyses 1 927 - 28 . . . . . . . . . . . . . . . . . . .  Smal Is  22.9 1 - - -

Ester Mine ,  average of analyses 1 928 Large 8.00 - - -
-· 29 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SmaUs 20. 90 - - -

Ester Mine ,  ave rage of 1 4  analyses Large 9 . 26 4 . 76 20.45 66.33 
1 924 - 27 . . . . . . . . . . . . . . . . . . . . . . . .  Smal Is  1 9 .83 4 .96 1 8 .09 69.32 

The eastern slope of Ester Mine ,  average Large 9 . 1 3  - - -
of 6 analyses 1 925 . . . . . . . . . . . . . . . .  Smal Is  2 1 . 28 - - -

Three sa mples of carbonaceous sha le  from Ester Mine gave an  
average of  34 .07 per  cent .  a sh  and by low-temperature d isti I l a t ion 
4 .95 m oisture, 1 4 . 5 1  crude o i l  and 74.55 coke. 

Coal quantity. The table below includes the total quantity of eoa l 
in  the Ester Seam .  As the western areas a re st i l l  Httle known , the 
figures eoneerning these areas are only an  estimate .  This is a lso part I  y 
the  case in Østfeltet ,  where the eoal area cannot be fixed as lang a s  
t h e  depth of  t h e  Tert iary syncl ine  is  n o t  known . I n  t h e  table a r e  thus 
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A rea 

Østfeltet . . . . . . . . . . . . . . . . . . . . . . . . . . 
Agnesfe l tet . . . . . . . . . . .  , . , . , , . , ' , . . .  . 
østre Centerfe l t  . . . . . . . . . . . . . . . . . . .  . 
Vestre Centerfe l t  . . . . . . . . . . . . . . . . .  . 
Vestfeltet . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Lagune�l�t . . . . . . . . . . . . . . . . . . . . . .  . 

Total . . . .  

I Coal area I sq . k i lometres 

0.30 ' 
0.33 
0.40 
0.70 
1 .90 
0 .40 

4 . 09 

Thickness  
i n  metres 

1 . 3 '  
2 '()  , 
1 . 8 '  
1 .0 
1 . 1 ' 
1 .0 2  

I Coal q uant i ty  
i n  m i l l .  to n s  

0.50 ' 
0.86 ' 
0 97 '  
0.99 
2 . 70 ' 
0.50 2 

6 .52 

a l so  i n cluded probable coal and both the  workab le  and  unworkable parts 
of the coal seams .  

I n  Østfeltet the coal a rea i s  not  known  w i t h  certa in ty because th e 
strata are partly t i l ted ,  and  the depth o f  the  synel i ne  i s  not  k n own .  
Nor  i s  t h e  th i ekness kn own from a sufflc ien t  num ber of  loca l i t i e s .  

The average th i ckness i n  Agnesfeltet i s  about  two metres m easured 
i n  boreho le  5 and  the test-p i t  5 1 ,  where the seam i s  und i sturbed . The 
th iekness a long the Agnes Fault was a lso good i n  the Ester Mine ,  but ,  
as we have heard ,  the  exa m i nat ion m ade  by Sherdah l  i n  the autu m n  
o g  1 929 has  s hown u s  that  a lso i n  th i s  a rea there oecur teeton ieal 
d i sturbanees and i rregu lari t ies .  It is , h owever, i mposs ib le to pred iet  to 
what exten t  the coal seam may be d am aged owing to sueh d i stu rbanees 
I t i s  pro bable that the above figures coneern ing the quant i ty wi l l  be 
redueed owing to d i sturbed areas i n  a future m i n e  h ere. The  above 
caleulat ion is made on  the supposi t ion that the seam here i s  un 
d i sturbed . 

After the c Ios ing down o f  the m ines  i n  østre Cen terfel t  i t  i s  o bv ious 
tha t  the rema in ing  quanti ty o f  eoal i n  th i s  area i s  of  somewhat  doubtful 
va lue .  The eastern part of the  rema i n i ng a rea can be worked out  th rough 
a new m i ne  on  Agnesfeltet by penetrat i ng  the fau l t ,  but the eoal rema in i ng  
i n  the  western part m ust be regarded as l ost for ever ,  t he  more so a s  
the  a rea  worked a t  t he  c Ios ing down of  the m ine  was  most i rregular  
and  not  worka b le .  The figures above eoneern ing  the  Es ter  Seam i n  
østre Centerfe l t  a r e  t hu s  far h igher  than t h e  quant i ty wh i eh  c a n  aetua l ly  
be m ined . 

Th e th ickness i n  Vestre Centerfe l t  i s  fixed a t  one metre i n  the 
tab le .  This  i s  a I i tt le less than the average from the  boreho les  and the 
test-p i l  on Kolhaugen . Th is  I have done because the resu l t  from bore
ho le  l and  the Olsen Mine  po in ts to some parts of  the  eoal area here 
be ing too poor to be taken i n to aeeount .  I have tr ied parti y to make  
up  for th i s  d im i nut ion o f  quan tity by  a reduet ion of the average 
th iekness .  

, The flgures are on ly approx i mate. 
The flgures are on ly an  est i mate and thus qu i te unce rta in .  
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S E C T IONS 
OF 

S O F I E  SEAM 
Lege l1 d :  

_ C oa,l � C arbona,ceoUl, shale 
� Shule l::::---::I Sa,ndy shale 5 S andsto 

Thickness i n  c entim etre s 

Pil 5 2  RoomlO s 
B o rehole 5 

Borehole 2 

Borehole 1 
Pit 6 9  

B orehole � . 

50 

ioa 

Olsen Mine 

15 

Room 4 

1 5  

19 

Pit 31 

70 

4 0  

L-____________________________________ � 

Fig .  33.  
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I n  Vestfe l tet the  workable part of  the seam i n  boreho le  4 i s  about 
1 . 5 metres ,  but i f  the  seeti ons  i n  borehole  2 and  test-p i t  30 a re con
s idered ,  the average th iekness can ha rd ly  be more than 1 . 1 0 metres ,  
wh ieh wi l !  gi ve a quanti ty of about 2 .7  m i l l .  tons .  The  western part 
of  the  area ,  h owever ,  i s  searcely workable .  The area below the ice 
sheet of Brøggerbreane  cannot  be exam ined ,  and the  eoal a rea  he re i s  
the re fore j udged on  the bas i s  o f  the  probable geological cond it ion s .  The  
calcu la t ion of  th i s  part o f  the coa l  fie l d  w i l l  accordingl y  a lways be of  
more doubtfu l  va lue .  I shou ld  th ink  tha t  the  aetual workab le  quantity 
o f  coal wi l l  am ount  to somewhat more than two mi l l .  tons. On ly  on 
the northeastern part of  Vestfeltet can the quan tity o f  coal be rel ied on .  

o . sl"\. 

The average thickness on  the 
400 000 sq. metres he re is  
about  1 .3 m etres, and the  eoal 
quantity about  0 .67 mi l l .  ton s .  

The th ickness o f  t h e  Ester 
Seam on  Lagunefeltet i s  qui te 
unknown,  and  the figures  from 
th i s  a rea  a re thus  on ly  eon
jeetures .  

Fig .  3 4 .  Sect ion  of p i t  67 ,  Sofie Seam . 

I n the whole fi eld there 
i s  probably about  6 .52 mi l l .  tons  
eoal on  the  Ester Sea m .  H ow 
mueh of  th i s  quantity may be 

workable i s  o f  course very d iffleult  to say,  but  I should th ink that 
a eonsiderable l oss must  be ealculated owing to  a reas with a smal l  eoal 
th iekness o r  damaged by tecton ie d i sturbanees .  Aceord ing  to the ex
perienee gained during min ing operat io ll s  I s hou ld  th ink tha t  about 4 
m i l l . tons can actual ly be worked out from the  Ester Seam i n  the  enti re 
eoal fie ld .  

Sofie Seam. 

This  seam is situated stratigraph ical ly 8- 1 2  metres above the  
Ester Seam .  I t  varies greatly both  i n  th ickness and  development .  In  
some spots the  seam i s  made up  o f  to lerably pure eoa l ,  wh i l e  ne igh
bour ing parts may be d iv ided by parti ngs o f  sandstone ,  sha le and ear
bonaeeous s h ale .  The foot wall i s  made up o f  a sha le ,  whieh i s  i n  part 
very sandy .  The top wal l ,  whieh eons ists o f  sha le ,  carbonaeeous shal e, 
sandy sha le  and  sandstone,  was rather bad . . A lso a long th i s  seam tec
ton ical d i sturbances have taken place by northward shearing o f  the top 
wa l !  on the footwal l  a long the seam . In real i ty i t  i s  the same d isturb
anee whieh has partI y a ffeeted the Ester Seam and part ly the Sofie 
Seam .  Where the  shear ing has  aeted a long the eoa l  seam, i t  has  erushed ,  
fo lded ,  and  seoured i t  away in  parts ,  so  tha t  grea t  a reas of the mine  
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had to be left as valueless, a l though they might have been worked 
original ly in undisturbed condit ion.  From fig. 20 the appearence of  the  
d istU l�bed seam can  be seen i n  some spots. These sections are  on ly 
casual .  There are al l  variations .  

From the sections i n  fig .  33 the development  of the seam wi l l  be 
seen in  d ifferent local it ies . The sect ions have been arranged from east 
to west , but because the eoal seam varies so great ly .  the sections  are 
perhaps sti l l  m ore casual than those from the Ester Seam .  

A s  wi l l  be seen from 
these sections ,  t h e  coal thick
ness d istinctlydecreases from 
east to  west. 

East of the Agnes Fault 
the seam has not been un
covered, but i t  exists at all 
events on the western part 
o f  0stfeltet . 

In Agnesfe l tet the Sofie 
Seam is  known from bore
hole 5 and severai test-pits .  

Test-pit 67. Co-ordi- Fig. 35 .  Sect ion o f  p i t  70,  Ester 

nates : X c c + 9063, y �' + and Sofie seams. 

1 0883 , elevation 42 metres, 
depth 7.6 metres. Work fin ished 5/9 1 929. Geological sect ion measured 
by Sherdahl was (fig. 34) : 
Th ickness 
in metres 

2.20 Gravel and clay 
4 .00 Coal and carbonaceous shale 
1 .60 Shale, dark 

From the botto m of  the test-pit a crosscut was worked 1 1  metres 
to the south. The section of  the coal seam here i s  most i rregu lar  and 
approximately the following :  
Thickness 
i n  metres 

0.40 
0 .20 
0.35 
0. 1 5  
1 .00 
0.20 
1 .20 
0.50 
0.50 

Shale and sandstone 
Shale,  soft 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ) Both samples are an avera�e of the two 

Stone band . . . . . . . . . . . . . . . . . . . . . . J' coal beds. Sample l contamed 32.7 per 
Coal and smal l  layers o f  shale . . . . . cent .  ash ; sample 2, 35.85 per  cent. 
Shale, dark 

Coal . . . . . . . } Sample Shale . . . . .  . 
Coal . . . . . .  . 
Shale,  dark 

3 ,  taken as average o f  both beds,  gave by analysi s  27.0 
per cent.  ash 

8 
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The cross section  was  water-bearing, and the  coa l  h igh ly  oxid ised 
with a whi te coating, certa in ly  calcite .  

According to the description of the pit  and the ana lyses i t  can 
hardly be doubted that the seam is  here s i tuated in  a zone o f  disturb
ances, and tha t  there has  been deposited more calc i te than usual . 

Test-pit 69. Co-ord inates : x + 9 1 06 ,  Y + 1 0804 , e levat ion 4 1 . 7 
metres, depth 8 metres .  Work fi n ished 5/9 1 929. Section measured by 
Sherdahl  was ( Pi t  69, fig .  33) : 

T h i ckness 
in metres 

5.30 Grave l and c lay 
2.30 Shale with some th i n  parti ngs o f  sandstone and a th in  coal  seam i n  the 

lower part 
3.40 Shale 

From the bottom of  the p i t  d ri l l ing was done three m etres in rock. 
A three-metres-long slope was worked down along the dip of  the seam,  
and from the  bottom of  this s lope a t hree-metres-long r i se  was dr iven .  
The  section here was as  fol lows : 
Th i ckness 
in metres 

0.90 Sandstone ,  argi l laceous 
0.50 Coal .  Sample 4 gave 1 6 .25 per cent .  ash 
0.60 Stone band 

1 .00 Coal .  Sample 5 gave 20.80 per cent  ash 
Sandstone, brownish black, arg i l laceous 

Test-pit 70. Co-ord inates : x .. C '  + 9 1 44.5 ,  Y + 1 0692, e levation 
36.00 metres. From the bottom of the pi t ,  where this p ierced the 
Ester Seam (see page 98) a crosscut was driven 1 3  metres towards 
the south. The Sofie Seam was cut with the fol lowing section (fig.  35) : 
Th i ckness 
i n  metres 

Sandstone 
1 .20 Coal .  Sample 9 i s  from the eastern side and gave 2 1 .49 per cent ,  ash.  Sample 

10 i s  from the western side and gave 24 .72 per cent. ash .  
0. 1 5  Sandstone 
0. 1 5  Coal 
0.30 Sandstone 

0.40 Coal.  Sam ple 8 gave 27.07 per cent .  ash 
Sandstone ,  dark, arg i l laceous 

The section is m easured and the  ana lyses m ade by Sherdah l .  
The a sh  con  tent from these pits is  i n  every instance astonish

ingly h igh .  

Test-pit 52. Co-ordinates : Abt .  x -- + 9200, y . + 1 0492, e levation 
abt .  72 metres, depth 9 .45 metres .  Worked 1 925. Geological section 
by Sherdahl  ( Pi t  52 fig.  33) : 



Th ickness 
in metres 
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5.30 Gravel and clay 
1 .35 Stone  
2.20 Coal 
0. 1 0  Shale 
0. 1 5  Coal 

Stone 

From this point I have got no  ana lysis. 
In østre Centerfelt the eoal seam has been worked fro m  the 

autumn of 1 923 until the winter of 1 928-29. The thickness was very 
great in parts, but i n  other  parts the seam was so destroyed by shear
ing tha t  great areas had to be left as unworkable. For th is reason the 
work was suspended on the  Sofie Seam i n  this area .  I t  i s ,  however,  
sti l l  possible that the seam might be partly workable farther  down 
along the dip. 

Some seetions from test-pits i n  østre Centerfelt  wil l be seen 
below : 

Test-pit 42. Co-ord inates : x ·  + 9 1 1 2, y + 1 0  1 62 ,  elevation 
4 1 . 5 metres, depth 9.5 m etres. Work finished December 1 923 . Geo
logieal seetion by Sherdah l  was : 

Thi ckness 
in metres 

1 . 70 Gravel 
2 .20 Coal,  i ncreas ing to 3.25 metres after 1 1 . 5  metres downdr i ft along the d i p  
4.60 Shale, dark 

4 .70 Sandstone ,  hard and l ight 

The lowermost 3.7 metres were d ri l led from the bottom of  the pit . 

Test-pit 40. Co-ordinates : x - c  + 9 1 1 7 , y + 1 0068 , elevat ion 
39.3 metres, depth . 5 .70 metres. Work fin ished October 1 923. Geo
logieal seetion  by Sherdahl : U ppermost 2.00 gravel ,  lowermost 3 .7 
metres eoal .  

Test-pit 4 1 .  Co-ordinates : x -+- 9 1 1 4  J y .. -+- 9989 , elevat ion 38.2 
metres, depth 5 . 50. The work was finished i n  December 1 923. Geo
logical seet ion by Sherdah l :  
Thickness 
i n  metres 

4 .00 Grave l  
0.50 Coal p i eces  and  grave l 
0.30 Coal 
0.20 Shale 
0.50 Coal . Analysis 1 5  

A three-metres-Iong slope along the  d i p  gave t he  s ame  result .  
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Test-pit east of the railway bridge. Section by Sherdah l :  
Thickness 
in metres 

Gravel cover 
3.00 Sandstone ,  l ight 
1 .4 4  Coal 
0.44 Shale 
1 . 1 3 Coal 

Shale,  dark 

Analysis 2 1  i s  from this pit . 

Test-pit 63. Co-ordinates : x + 886 1 , Y = = 1 0366 .5 .  Worked 
J anuary 1 928 as  a rise a long a fau l t  from the m ine .  The displacement  
i s  about  6 metres and the th ickness  o f  the seam about 2 metres. 
Section by Sherdah ! .  

Rise from room 15  in Sofie Mine. Co-ordinates : X · c + 9002, 
Y = + 1 0002 . The Sofie foot wall 40 m etres above sea- leve! .  Worked 
September 1 924. Geological section  by Sherdahl : 

Thi ckness 
in metres 

2.00 Sandstone, dark and  hard 
0. 1 4  Coal 
3.40 Sandston e ,  soft, dark w ith streaks o f  carbonaceous shales 
1 . 50 Coal .  The Sofie Seam 

Test-pit 55. Co-ordinates : x 
23.40 m etres ,  depth 1 5 .60 metres .  
Sherdah l : 

Thi ckness 
in metres 

1 2 .5 G ravel 
Coal-streak 

3 . 1 Sha le  and s laty sandstone 

+ 9077, Y . �  + 9593 , elevat ion 
Geological section m easured by 

The coal-streak \Vas fol lowed down a long the d ip with a 7-metres
long s lope ,  in which the seam was found to be 1 .00 m etre th ick .  

I n  Vestre Centerfe l t  the Sofie Seam is  known from the Olsen 
Mine and boreholes l ,  2 and  3 .  The th ickness seem s  to be greatest 
i n  the southern and eastern parts o f  this a rea ,  n amely ,  up to 1 . 5 m etres ,  
whereas in  the northwestern part  i t  was found to be on ly 0 .65 metres . 

Olsen Mine. This  m ine  was opened i n  the autu m n  of  1 923. A ma in  
s lope  was  worked down a long the d ip  of  the  sea m .  The average thick
ness of 1 7  measurements m ade by Sherdah l  was 1 .097 metres o f  coal 
and 0. 1 65 metres of stone band.  The d ip was 1 0 D• The pi t  35 was 
worked down from the eastern gal lery (see p .  1 02 and fig .  36) . 

From the western gal l e ry the rise 36 \Vas worked .  The bottom 
of  the s lope \Vas s i tuated 37. 1 metres above sea - level and  the top of  
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the  rise 36 is 45 .5 metres above the  sea. The rise i s  8 .4 metres long. 
The surface above the rise i s  situated on the 5 1 .7 level . Geological 
sect ion by Sherdah l  (fig .  33) : 
Th ickness 
i n  metres 

0.40 Gravel 
0.40 Sandstone ,  l ight 

0. 1 5  Coal.  Analysis 1 6  

0.80 Sandstone ,  l ight 

0.40 Carbonaceous shale, 51 per cent. ash , 1 0. 5  per cent .  crude o i l .  
0.80 Coal .  Analys is  1 7  
4.00 Sandstone ,  l ight and hard 

1 . 45 Coa1 seam with a th i n  shale band in the midd le .  Analysis 1 8. 

Fig. 36. The Olsen Mine .  

Work finished J anuary 1 924. 
In Vestfeltet the coal seam was found in  borehole 4 on Leirhaugen 

d ivided by severaI stone bands. The th ickest coal bed was only 0.40 
m etres (see pl .  V I I  and bore section p. 90) . 

Farthest west i n  th is  a rea the seam has been uncovered i n  
test-p it 3 1 ,  t he  co-ordinates of  which a r e  x = + 7000, y + 90 1 0, 
elevation about 40 metres. The pit was worked i n  October 1 929. 
Geological section by Sherdahl :  A t i l ted coal seam was found in dark 
sha le .  Near  the surface the th ickness was about 70 cent imetres, but 
decreased downwards. The depth of the pit  was 5.2 metres,  of wh ich  
the upper  1 .2 metres i n  grave! . Analysis 20 is  made on coal from 
th is  spot. The coal seam h ere is  bel ieved to be identical wi th the Sofie 
Seam.  The results from borehole 4 and  the pi t  3 1  point  to the  seam 
being unworkab le i n  VestfeJtet .  Yet  i t  i s  certa in ly far better i n  the 
southeastern part, according to the  result from borehole I .  The seam may,  
o f  course, be workable a lso in  the areas of Vestfeltet not yet examined .  

Broad ly  speaking, the Sofie Seam decreases towards the west  and 
i s  not so un i form in  deve lopment  as the Ester Seam .  

Quality of coal. I n  t h e  analysis table a r e  i n cluded t h e  avai lable 
analyses of the  Sofie Sea m .  Below I sha l l  give a descript ion o f  the 
coal cores from the boreholes in  1 928. 
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Gross calori fi c  value . . . .  . 
Net calori flc  value . . . . . .  . 

-; 
o 
() 

� � .g I Water · · · · · · 1 
E E � Gas · · · · · · · · 1 
� e :;: I Crude o i l  . . . 
.3 (1) � Semi-coke . .  I Carbon . . . . . . . . . . . .  . 
Hydrogen . . . . . . . . . .  . 
Sulphur . . . . . . . . . . .  . 
N itrogen and oxygen . 
Coke . . . . . . . . . . . . . .  . 
Volati le matter . . . . .  . 

� Gross calori flc  vulue . 
� Net calori flc value . . .  

Water . . . . .  . 
Gas . . . . . . .  . 
Crude o i l  . .  . 
Semi-coke . .  

Remarks 

A nalyst 

A N D E RS K .  O R V I N 

Analyses of coa l 

1 1 2 1 3 1 4 1� 6 1 7
rsT 9 

l
(1) 
'" 

.3 
�{ E .- '" ::E � 
t:: 
(1) 
rn 
6 

7 .48 

l
(1) 
'" 
o 

g- E  .- '" 
:E � 
t:: 
(1) 
rn 
6 

1 .65 1 .70 
9. 1 0 9.67 

89.25 88.63 

(1) 
ti:: o (f] 

00 <Il 
N 
0) (1) 
- o  • ..c: r-- � (1) o _ .LO o-E E 
'" o (/) � 

oo r<)  
'" (1) O> _ 
- o ..c: - '"  <Il l-
(1) o 

_ .LO  oE E 
'" o (f] J:  

00 -
� �  
- o • ..c: r<) '"  l-
(1) o 

_ .LO  o-E E 
'" o (f] J: 

00 -
N (1) 0) _  
- o  • .-C ..;- � 

'" 
o _ .LO  o-E E 

'" o (f] J: 

1 .781 1 .80 1 .55 1 .05 1 .20 · 1  5 .93 9 . 65 26. 1 0  24 .55 
- 92.27 88.80 72.85 74 .25 
70.42 69.96 -

- 5.7 1 5 .82 -
1 .59 

56.22 
1 3.8 1 1 0.90 

4.40 - 2.33 2. 1 2  4 .0l 2.59 

I 42. 1 3  - 7439 - I 7 1 4 1  

55.70 56.93 57.60 56.80 59.2 58.20 
42.60 1 4 1 .29 40.60 1 4 1  65 39.70 40 601 7446 6999 7493 73 1 5  6 1 64 6 1 56 
7 1 48 68 1 3  7 1 83 7028 5922 59081 

6.6 
7 .2 
1 8 .7 
67.5 

7.2 
9.2 
1 9.2 
64.4 

1 .78 

52.80 
47.20 
8335 
RO l l  

6.2 
1 0.3 
2 1 .5 
62.0 

c: -
Cl 

4.0 I 6.8 1 8.0 6.8 4 .8 6 .0 
1 0.0 8.7 9 .2 8.4 6 8  7 .6 
1 9 .6 

1
20.9 

1
1 6.4 1 7 .6 1 8.4 1 8.8 

66.4 63 .6 66.4 67.2 70.0 67.6 

4 .95 

5 1 .82 
48. 1 8  
840 1 
8077 

I 2.6 

1 1 1 .3 22. 1 
64 .0 

-...; 
Cl 

76.32 78.78 
- 6. 1 7  6.55 

2.53 2.38 5.55 3.49 
- 1 4 .98 1 2.29 
56.00 53. 1 0  45 .50 45 .32 

- 44.00 46.90 54.50 54.68 
7 1 26 8 1 2 1  8238 846 1 8292 
6937 7797 7928 8 1 37 7968 

>. .LO 
(1) 

o. E ro (f] 

- 6 .6 I 5 .9 - 1 0.0 9 .5 
- 1 7 .8

1
1 9 . 8 

- 65.6 64.8 

. -
es 

E 
e oo  

O N O) -...; 
Cl 

5.2 
9.3 
25.3 
60.2 

I 6 .5 / 1 1 0.2  
25.3

1 58.0 

<Xi N O) - "Cl 
t:: � 0;:; � l- t:: 
Q .c;; 
> . . . 

.D (1)  -'" V o 

o.U E ro (f] 

oo N 
� � 
- o  • .-C O) V  l-
v o _ .D  o-E E 
., o (f] J: 

1 .80 
1 1 .95 
86.25 

2.09 

58.30 
39.90 
6995 
6705 

6 .8 
8 0  
1 6.8 
68.4 

2.42 

53.74 
46.26 
8 1 1 1  
7787 

5.8 
9.3 
1 9.4 
65.5 

E ., 1- 00  
O N O) 



Dr
. 
G
ra
m
 

Sa
m
pl
e 
by

 O
rv

in
 
19
28

. 
Ol

N
 

00
00

""
0>

 

I Ol
 �

 

�
�

�
�

 
O

W
CO

Ol
 

o
w

�
9

 
�

�
:-'

�
 

19
28

 
C
ok

e:
 s

in
te
re
d 

�
u,

;p.
;p.

 
-.

.](0
-

00
 

<o
 

Ol
W

Ol
N

 
U,

 
-

CJ1
(J1

(}l
'

0)
'

 
oo

O
N

O
 

0l
�

(J1
0

' 
o

' 
--

--
-

Ol
N

 
-1

00
 ..

.. 
0>

 
Ol

�
 

0'l
0l

�
::'; 

N
�

CO
(J1

 
<O

N
�

:-"
 

W
 

-,
,]00

00
0>

 
N

 
0,

00
'0

0>
 

o
 

.... 
:.....

W
N

 
O>

 co
 

.
.

 
u, 

-J
f.C

OO
 ..

.... 
O>

W
Ol

<O
 

0
(J1

-
..

.. 
tv

�
OJ

..p.
., 

00
· 

o
o

o
�

, 
00

'
 

O>
N

 
Sh

er
da

hl
 

Th
ic
kn

es
s 

1.4
5 

m
et
re
s 

0>
-

-1
0>

 

N
N

o,
O

 
, 

O>
N

 
Sh

er
da

hl
 

Th
ic
kn

es
s 
0.
85

 m
et
re
s 

00
0

-1
 ..

.. 

O
N

�
:.

.... 
-I

 -
Sh

er
da

hl
 

�
-I

-I
""

 

�
c.n

6
;"

"" 
, 

, 
Ol

 N
 

Sh
er
da

hl
 

w
 ..

.. 
oo

w
 

<o
o

u,
o,

 
, 

I 
Ol

�
 

Sh
er
da

hl
 

O>
 CO

 00
 Ol

 
�

'o
N

N
 

, 

0>
-

Sh
er
da

hl
 

oo
co

-l
 ..

.. 

o,
N

o,
o,

 
, 

, 

-I
 -

Sh
er
da

hl
 

0
0>

-1
0>

 

<o
�

;p.
o

 
, 

, 
, 

Sh
er
da

hl
 

0>
-

-1
00

-1
 
Ol

 
19
24
 

o,
�

:"
"'o,

 
, 

, 

Co
ke

: b
rit

tle
. 

Ol
-

Sh
er
da

hl
 

00
(0

-1
 

..
.. 

O
il:
 r
ed

di
sh

-b
ro
wn

 
�

�
OO

:..... 
, 

, 
, 

Co
al
 t
hi
ek

ne
ss
 

O>
�

 

Sh
er
da

hl
 

-.]
 f.O

 _
l (J1

 

2.
53

 m
et
re
s 

����
I 

I 
, 

Sh
er
da

hl
 

Es
te
r 
an

d 
S

ofi
e 
eo

al
 

, 

-I
N

 
Ol

N
�

 
o,

N
:"'"

 
I

Q
()1

UT
 

00
 �

 
w

""
�

 

o,
oo

�
 

'
N

CO
(O

 

00
 

u,
 

, 
-

, 

:; o
 

, 
..

.. ' 
N

 
N

 
U,

 
, 

N
' 

co
 

w
 

, 
w

, 

S>J
 

, 
o

' 

W
 

W
 

, 
Ol

' 

Ol
 

�
 

, 
00

' 

00
 

�
 

, 
00

' 

N
 

W
 

;p.
 

, 
-I

'  
00

 

u, 
, 

00
' 

..
.. W
 

, 
0>

' 
I S

am
p

le
 

12
, 

19
2

8
 

fr
o

m
 
bo

re
ho

le
 4

 

A
 v
er
ag

e 
of

 
pr
ec
ed

-
in
g 
an

al
ys
es
 n

r.
 2

,3
 

an
d 

5-
10

 
G
at
ew

ay
 4

, 
S

o
fi

e
 M

in
e

 

G
at
ew

ay
 1

6, 
S

o
fi

e 
M

in
e

 

G
at
ew

ay
 1

, 
So

fie
 M

in
e 

Pi
t 

4
1 

IS
 e
m
 s
ea

m
 u
pp

er
· 

m
o

st
, 

p
it

 3
6,

 O
ls

en
 

M
in

e 

M
id
dl
e 
se
 am

 0
.8
0 

m
et

re
s,

 p
i!

 3
6

, 
O
ls
en

 M
in
e 

Lo
we

r 
se

am
 1
.4
5 

m
et
re
s t

hi
ck

, p
it

 3
6

, 
O
ls
en

 M
in
e 

S
lo

p
e,

 O
ls

e
n

 M
in

e
 

at
 S

t.
 4

 
Ea

st
er
n 

sid
e 

Pi
t 
31
 S

kj
er
va

 

Pi
t 
ea
st
 o

f 
th
e 

ra
ilw

ay
 b

rid
ge

 
Av

er
ag
e 

o
f 

3
0

 
ca

rg
oe

s 
19
25

 

1 
�

 
o

 
1-

Cl
 ;:: 

�
 

S.
 

�
 

� 
1-

- N
 

V:J
 

Cl
 

�
 

(TI
 O
 

�
 

r
 

V:J
 

O
 

c;:; 
Cl

 
� 

--< 
$::> ;:: 

O
 

:; 
'Tl

 
..

., 
::r: (TI 

O; 
C z Cl

 
:; 

(fl
 

0:1 ;.
.. --< 

:J 
;:ti (TI g 

� 
O

 Z (fl
 

"O :=i (fl
 

;D 
0:1 (TI 

1-
;:ti Cl

 
N

 
o

 
(TI z 

--
N

 
�

 I � I 
--l

 



1 1 8 A N D E R S  K .  O R V I N  

Sample 7, 1 928 (Analysis 5) i s  from boreho le  5 on Agnesfeltet 
from the seam at 3 1 . 42-32.74 metres depth . The analysis was made 
on a sample from a 0.65 -metres-long core obta ined by dr i l l ing from 
3 1 . 54 to 32.33 metres. The thickness of  the seam is 1 22 centimetres : 
The percentage of core is 49. The whole core obta ined consists of  
rather bright coa l  wi th  sl ickensides .  I n  the middle part  of  the  core 
five 0.5-3-mi l l imetres-thick parti ngs of sha le  were found .  The streak 
is dark brown , i n  part nearly black. On same of  the bedding planes 
im prints of  stems a re seen .  The coal conta ins vis ible pyrites. The 
sample was taken as an  average o f  the whole core . I t  is probably the 
upper part of  the Sofie Sea m .  

Sample S ,  1 928 (Analysis 6 )  is  from borehole 3 at Tvi l l i ngvatna 
from the seam at a depth of  2 1 .55-22.67 m etres. The thickness is 
about 1 . 1 0 metres .  The l ength of  the  core was about 0.35 metres or 
3 1  per cent .  of the  thickness .  The  whole core was a lmost homogeneaus 
and consisted of sem i -dul l  coa l  (durite) wi th same laminat ion.  The  streak was 
dark brown to nearly black. Analysis sam ple was taken of  the whole core. 

Sample 4 ,  1 928 (Analysis 8) i s  from borehole I Brøggerda len of 
the uppermost part o f  the Sofie Seam at  77. 1 0-78.03 me tres depth . 
The thickness is 0.90 metres, the length of core obtained 0.40 metres 
or  43 per cent. o f  the seam .  

The  section of  t h e  core was : From 77. 1 0  t o  77. 53 only about 1 2  
cent imetres core was obta ined ,  which , owing to pressure and shearing 
has been g iven a certa in resemblance to carbonaceous shale wi th s l ick en
sides and pol ishes .  From 77.53 to 78.03 we obta ined 28 centimetres of  
core .  The coa l  was semi-dul l  du rite wi th some lamination . The  streak  
was  dark brown . The analysis sample  was  taken  as an average of  the  
who le  core, i n  a l l  40  centi metres. 

Sample 3, 1 928 (Analysis 7) is from boreho le  I ,  Brøggerdalen of 
the lowermost  part o f  the Sofie Seam from 78.38 to 79.09 metres 
depth .  The th ickness was about 68 cent imetres and the core obta ined 
30 cen timetres or  42 per cent .  o f  the  seam .  The sect ion of the  core 
was : The uppermost I l  centimetres was made up of  semi -dull , massive 
coal with polishes. The streak was dark brown. Th e next 8 cen ti
metres was made up of coal -streaks in carbonaeeaus sha le  and brown ish 
black shale .  The lowermost I l  cent imetres was l ike the upper part. 
The  analysis sample was taken as  an average of the  whole core. 

Sample 9 ,  1 928 (Analysis 9) i s  o f  the Sofie Seam in borehole 2 
from 45.85 to 46.52 metres. The th ickness was about 67 centimetres, 
and core 25 centimetres or  37 per cent. of  the seam .  The coal was 
sem i-dul l  with dark brown to blackish brown streak ,  and small fi ssures 
were fil led with calcite . The analysis sample was taken as an average 
of the w h o le  core. 

Sample 1 2, J 928 (Analysis 1 0) was from the Sofie Seam from 
1 3 1 .40 to 1 3 1 .80 metres depth in  boreho le  4 on Leirh augen .  The th ick-
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ness was about 40 centimetres ,  and the length of  the  core was 23 cen
t imetres or  57 per cent .  The upp'er 7 cent imetres were laminated , semi 
dul l  to dul l  coal  wi th  dark brown streak. The fol lowing 7 centimetres 
were dull ,  heavy coals with part ly conchoidal fraeture and dark brown 
streak.  Sample  taken as an ave rage of the whole core. 

The sam ples from borehole 5 in  Agnesfeltet gave a very low 
content of  ash on  both the Ester and Sofie seams .  This fact is  thus not i n  
accordance with the result obtained from t h e  test-pits worked i n  1 929 
on th i s  area .  

I n  some of  the  samples ,  wh ich contained carbonaceous sha le  or  
shale parti ngs , the  ash cootent proved to be very h igh .  The percent
age of crude oi l  is moderate ,  namely 1 6- 1 9  per cent .  The coke i s  
s intered and britt le . 

Some analyses of I a r g  e and s m  a I I  s from the Sofie Seam made 
at  the  mine  gave the  fol lowing results : 

I 
By low-temperature 

d isti J lat ion 
Samples Coal Ash 

MOisture i I Crude Coke o i l 

Average of 1 5  an alyses from Sofie Mine Large 1 0.88 - -
1 925 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SmaUs 28.95 - - -

Average of 1 4  analyses from Sofie Mine Large 1 0.27 5. 1 0  20 57 66.03 
1 924 - 27 . . . . . . . . . . . . . . . . . . . . . . . . .  SmalJs 26. 5 1 4.70 1 6.84 7 1 .48 

Average of 4 analyses from Ester-Sofie Large 7 . 5 1  5.49 20.78 64.48 
Mine 1 926-27 . . . . . . . . . . . . . . . . . . . .  SmaUs 1 9.42 5.66 17 .7 1 68.06 

Average of 8 analyses of the production I Large 7 .05 - - -
1 928-29 . . . . . . . . . . . . . . . . . . . . . . . . . SmalJs 28.62 - - -

Average of 5 shale samples 1 927 . . . . . I I 49.57 I 4.44 I 1 1 .64 I 79.07 

The last analysis shows the percen tage of crude oi l  in carbonaceous 
shale from the Sofie Seam .  

Quantity of co  al. I n  t h e  table be low I have tried to inc lude t h e  
whol e  quantity of coal on t h e  d ifferent areas ,  both the  workable and 
the  unworkable .  

Area Coal area Sq. 1 Thickness Coal q uanti l Y 
k i lometres i n  metres i n  m i l l .  tons 

Østfeltet . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 25 1 . 20 I 0 40 I 
AgnesfeJtet . . . . . . . . . . . . . . . . . . . . . . . . . 0.29 2.00 0.75 
østre Centerfe J t . . . . . . . . . . . . . . . . . . . . .  0.30 0.65 I 0 25 I 
Vestre CenterfeJt . . . . . . . . . . . . . . . . . . . . 0 .7 1 1 .20 1 . 1 0  
VestfeJtet . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .80 0.65 2 1 .50 2 
Lagunefeltet . . . . . . . . . . . . . . . . . . . . . . . .  ? ? ? 

3.35 4.00 
I The figures are only approx im ate. 
2 The figures are on ly est imated and quite uncerta in . 
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The Sofie  Seam has no t  been uncovered in  Østfeltet ,  but i t  is  
without doubt d istri buted over the western part o f  th i s  area .  Owing 
to the tectonical d isturbances i t  is  doubtful whether i t  can be worked here.  

[n Agnesfeltet a coal  th ickness of  2 .00 m etres has been calculated .  
Th i s  is  a l ittle less than  the average of  the  th icknesses found in  the  
pits and  borehole 5 .  There is ,  however, reason to bel ieve tha t  the  
th ickness wi l l  decrease downwards a long the d ip ,  because i t  d id  so in  
the m ine  on the western s ide of  the Agnes Fault .  

I n the th ree pits worked by Sherdah l  1 929 he  found very h igh 
ash contents. In the pits 67 ,  69 ,  and 70 the average ash percentage 
was thus 3 1 .85, 1 8. 53 and 24.44 respectively .  This is  far m ore 
than usua l .  

I n  østre Centerfelt the remain ing coal cannot be  worked , s ince 
the m ines here have been closed down. The lower part may perhaps 
be examined by piercing the fault  from a possib le  future mine on 
Agnesfeltet . 

In Vestre Centerfel t  an average th ickness of  1 .20 metres has been 
calculated, which i s  about the  average of  the th ickness found in  the 
pi ts and d ri l l  records .  

I n  Vestfel tet  i t  is doubtful whether the Sofie Seam can be mined 
at a l l ,  because the th ickness was found too tr ifl ing both i n  borehole 4 
and pit  3 1 .  This was also the case in borehole 2 near the boundary 
of  this field .  I n  Lagunefeltet the  seam is qui te unknown, but it is  
hardly more workable here than i n  Vestfeltet. 

I t  is thus only in Agnesfeltet and Vestre Centerfelt that the  Sofie 
Seam can at present be regarded as workable ,  with a total coal quan
tit y of about 1 .85 m i l l .  tons, which reduced by 20 per cent .  for loss 
by mining wi l l  give 1 . 48 mil l .  tons net . 

Advokat Seam. 

This  coal seam is  the uppermost o f  the lower co a l  and sha le 
horizon. The seam is  everywhere d iv ided by stone bands i n  greater 
m easure than any of the other sea ms .  

Dri l l ing in  1 928 showed th i s  seam to be very i rregular ,  the on ly  
par t  reveal ing any great thickness be ing  the  eastern a reas of  the  fie ld  
including the eastern part of  østre Centerfelt .  On  the western a reas 
i t  is  ei ther only trifl ing or  m issing  altogether. The sections from east 
to west are shown in  fig .  37. 

In  Østfeltet · the seam i s  known from two pits : 
I n  the  cutti ng about 200 metres from the front of Loven bre No .  I 

with co-ord inates abt .  x = + 9000, Y + 1 1 390, worked by Sherdahl  
i n  1 92 1 .  The cutting was fi l led up by gravel a t  the t ime of  my visits ,  
and thus I do  not know the section .  Ana lysis 2 i s  o f  loose coal pieces 
from this spot .  
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The other po in t  is  the pit 37 with  co-ordinates abt . x = + 9275 , 
y '  ca .  + 1 1 0 1 0 . The depth was 2 . 50 metres, of wh ich the upper l .S 
metres was worked in  grave\ . Downwards was found 0.70 metres sand
stone and 0.30 metres coa l .  Analysis 8 is  of coal from th is  sea m .  
A 2 .4-metres- long slope was driven down along t h e  seam ,  wh ich had 
here the same th ickness .  This seam is  situated so c lose to the sand 
stone that  i t  must be long to the Advokat Seam .  I a m  of  the opin ion 
that further coal  seams  belonging to th is  horizon would have' been found 
here i f  the work had been continued downwards, because i t  is  near 
borehole 5 ,  where th e Advokat Seam consists of  severai coal benehes .  
The sect ion is measured by Sherdah l .  

The Advokat Seam was one of the first seams found i n  the coal
fie ld ,  and during the first period of  working severai cuttings and s lopes 
were worked in AgnesfeItet and østre Cen terfelt .  I h ave had no  opport
uni t  y to see the exposed secti ons  at these points ,  because they were 
all filled up with debris on my first visit to K ings Bay. Below I have 
included the avai la  ble sections measured hy  others. 

As wiJ l  be seen from borehole 5 and the pit-sections  the seam 
varies a great dea l  a l so  in  th i s  area .  The dri I I  record reveals ,  in a l l ,  
s ix d ifferent coal benehes wi th  a total thickness of  3 .36 metres wi th  five 
in termediary shale bands with a total th ickness of  2 .75 metres (fig .  37) . 
We got core only from the two beds of  60 and 46 centimetres thick
ness. It is  thus possible that the upper benehes are impure and contain 
shale-partings . 

The pit  sections were the foI lowing :  
Godthåp. H ere the coal thickness was about l . S metres according 

to Karl Bay .  
Nye A dvokaten, x = + 8980, Y = + 1 0965 . The section  was 

m easured by H oel about 1 0  metres from the mouth of  the adit . (fig. 37) . 
Thickness 
i n  metres 

0.33 Coal 
0. 1 5 Shale 
0.35 Coal 
0.07 Shale 
0.50 Coal 
1 .50 Shale 
0 . 30 Coal 

Pit 13. Co-ordinates : x ,-� + 9070, y = + 1 0800. Section measured 
by H oel  (fig. 37) .  

Th ick ness 
i n  metres 

8.00 Sandstone  
0. 1 0  Conglomerate 
0.50 Sandstone  
0 . 7 0  Coal 
0.40 Shale 
0.40 Coal 

Shale wi th plant foss i l s  
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"Stelle 6" is s i tuated somewhere along the outerop of  the Advokat 
Seam ,  but I do  not know the exaet spot, as there are severaI old eutt
ings of  which no detai ls have been avai lable .  The geologieal section 
was measured by Wex 1 9 1 1 (fig.  37) . 

Th i ckness 
in metres 

Sandstone, slaty 
0. 60 Goal (Oberbank) 
0.25 Stone band 
0.80 Goal (Unterbank) 
0.80 Sandstone, slaty 
0.20 -0.25 Goal, impure 

Sandstone , compact 

Gamle Advokaten (Pit 1 4 ?) .  Co-ordinates : x ··· + 9 1 60, Y = + 1 0455. 
Geologieal seetion ,  (old measurement) .  

Thickness 
i n  metres 

Sandstone 
Goal-streak 

0.25 Shale, brown 
Goal se am, thi ckness not specified 
Shale 

At Nye Advokaten there were four eoal benehes with a total th ick
ness of  1 .48 metres, and three intermediary stone bands with a total 
th iekness of 1 .72 metres. At pit 1 3  th ere were two coal benehes with 
a total th ickness of 1 . 1 0 metres and a stone band of 0 .40 metres .  H oel 
says in  his report that the seam here commonly consisted of two coal 
benehes with an  intermediary shale of from  0.40 to 1 .00 metre thickness .  

In østre Centerfelt the  se am has been uncovered at the fol low
ing points .  

Test-pit 48. Co-ordinates : x - + 902 1 ,  Y � + 1 0398, elevat ion 
46.7 metres, depth 5 .9 metres. The d ip was 36 0 SW. Work fi nished 
Septem ber 1 924.  The geologieal section  is  measured by Sherdah l : 

Th i ckness 
i n  metres 

Sandstone 
0.40 Gonglomerate 
3.00 Sandstone and shale in alternation 
0.25 Goal 
0.70 Garbonaceous shale and shale 
0.55 Goal 
0.50 Shale 
0.50 Sands tone 

Analysis 9 is  taken as an average of  the upper and l ower coal 
benehes.  Analysis from the shale and carbonaceous sha le layer gave 
the fol lowing resuIt : ash 80.76, sulphur  3 .98 ,  and by low-temperature 
d ist i l lat ion : water 5 .6 ,  gas 4 .6 ,  crude o i l  3 .0, semi-coke 86.8 per cent .  
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Test-pit 43. Co-ordin ates : x =  + 1 0032, Y = + 1 0366, elevat ion 
46 metres ,  depth 8 .3 metres. Section by Sherdah l : 

Thickn e-ss 
i n  metres 

2.50 Gravel 
1 .25 Sandstone , dark and soft 
0.07 Coal-streak 
4 ,55 Sandstone, dark and soft 

This p i t  i s  si tuated in  the l ayers below the Advokat Sea m .  

Test-pits 4 6  and 4 7. Co- ord inates for pi t  46 : x + 9075 ,  y + 
1 0 1 66, elevation 42.8 metres . Co-ordinates for pit 47 : x + 9066, 
Y + 1 0 1 69. The two pi ts form a coherent section ,  the pit 46 being 
worked down from the mouth of  an I I -metres-long slope along the d ip 
of the Advokat  Seam and pit  47 as a r ise from the bottom of th is  
s lope (fig .  37) . 
Thickness 
in metres 

Sandstone ,  rust-co loured 
0.50 Shale , soft 
0. 1 5  Conglamerate 
0.25 Coa! . Analysis 1 0  

1 . 1 0  Sha le, dark 
0.35 Coa! . Analys is 1 1  

0.20 Carbonaeeaus shale 

Th ickness 
in metres 

1 00 Sha le . dark grey 
Coal ·streak 

6.30 Sandstone, the upper and midd l e 
part l ight, the lower part dark 

0.25 Coa! . Analys is 1 2  

3.50 Shales and argi l laceous sandstones 
The Sofie Seam 

An analysis of the 0 .20-metres-thick carbonaceous shale gave 50.64 
ash and 4 .34 su lphur, and by l ow-temperature d ist i l lat ion : water 4 .7 ,  
gas  4 .9 ,  crude oi l  1 1 .0. semi-coke 79.4 per cent .  

Test-pit 53. Co-ordinates : x + 9030, Y = + 9760, elevat ion 3 1 .20 
metres, depth 5 .80 metres. From the bottom of the pit  1 .30 metres 
was dri l led down. Geological section measured by Sherdahl  (fig. 37) : 

T h i ckness 
i n  metres 

1 .00 Gravel 
2.00 Sandstone 
0.90 Conglamerate 
0.60 Sandstone, hard 
0.70 Shale 
0.60 Coal 
1 .30 Dri l led in stone 

Test-pit 59. Co-ordjnates : x + 88 1 1 , Y + 1 0054. The pi t  was 
driven upwards  from the Sofie Mine .  Elevation of  the lower mine here 
- 3 1  metres and at the conglomerate - 23.4  metres. Work fin ished 
january 1 927. Geological section measured by Sherdah l .  The r ise was 
worked aIong a fauIt  with a d ispIacement o f  about 1 0 metres. The 
distance between the foot waII  and hanging waII o f  the Sofie Seam was 
here about 4 metres. 
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Thickness 
i n  metres 

0.60 Sandstone, coarse and hard 
0 . 1 0  Conglomerate 
0. 1 0  Shale 
0. 1 0  Conglomerate as above 
0.20 Carbonaceous shale. Ash 54.99 per cen!. , crude oil 1 1 . 54 per cent . 
0.50 Shale, black wi th lenses of sandstone 
0. 1 0  Coal. Ash 33.24 per cen! . , crude o i l 1 7 . 63 per cen! . 
1 .90 Sandstone, hard and fl i n t y 
0.60 Shale, dark 
0.60 Carbonaceous shale. Ash 53.30 per cent . , crude oil 1 1 .78 per cent . 
4 . 00 Sandstone wi th two th in layers of shale 

The hanging wall of the Sofie Seam 

On the western areas the development of the Advokat Seam wi l l  
be  seen from the dr i l l  records. 

In fig. 37 I h ave included the available sections of  the Advokat 
Seam from east to west. As will be seen from these sections the seam 
decreases i n  a westerly d i rection ,  and i s  unworkable a l  ready in the 
western part o f  østre Centerfelt .  

Quality of coal. From the earl ier working of th is  seam the ash
content has  been found to be very h igh, and even by clean ing i t  is  
d i fficult to get a sufficiently low ash con tent .  The Advokat coals  are 
for th is  reason poor bunker coals ,  nor are they sui tab le for the  produc
tion of semi-coke, because th is  latter wil l  be very rich in  ash .  They 
m ight, however, be used as raw materia l  for crude oi l  d ist i l la t ion at  K ings 
Bay, if d ist i l lat ion or  hydration works were to be built th ere in the future . 

From the analysis table it wil l  be  seen that these coals also contain 
much sulphur and volat i le matter. Accordingly they also give a high 
percentage o f  crude o i l  by disti l lation . 

The analysis table includes two analyses o f  cores obtained by  the 
dri l l ing of  borehole 5 .  I shal l  gi ve below a deta i led description  of  
these cores .  

Sample 1 ,  1 928 (Analysis 7 )  i s  from  a depth of  1 0 .46 to 1 1 . 1 4  
metres in  bore hole 5 .  The th ickness i s  60 centimetres, when the d ri l led 
length is  reduced i n  proportion  to the d ip ,  which i s  here 30 ° .  The 
length of the core was 55 cent imetres or  80 per cent .  of the seam . 
The coal core shows a greatly varying d ip ,  which points to tectonical  
d isturbances along the seam .  The uppermost 1 3  centimetres consisted 
of  carbonaceous shale with dip 1 0-60 c  and sl ickensides. Downwards 
followed 34 centimetres coal ,  semi-dul l  and partly l aminated with 0.5- 1 
mi l l i  metre th ick partings o f  shale .  The streak i s  brown. The lowermost 
8 centimetres i s  carbonaceous shale with irregular bedding. The analysis 
sample was on ly  taken from the 34 centimetres coal core. The actual 
coal seam i s  thus hardly above 40 cent imetre thick.  
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Number of analysis 

Local i ty of sample 

Moisture . . . . . . . . . . . . . . . . .  . 
Ash . . . . . . . . . . . . . . . . . . . . . .  . 
Coal substance . . . . . . . . . . . .  . 
Carbon . . . . . . . . . . . . . . . . . . .  . 
Hydrogen . . . . . . . . . . . . . . . . .  . 
Sulphur . . . . . . . . . . . . . . . . . .  . 
Ni trogen and oxygen . . . . . .  . 
Coke . . . . . . . . . . . . . . . . . . . . .  . 
Volat i le matter . . . . . . . . . . . .  . 
Gross calori fic value . . . . . . .  . 
Net calorific value . . . . . . . . .  . 

e;; o (J 

Water . . . . . . . . . .  I g:�d� ' �'i i : : : : : : :  I Semi-coke . . . . .  . 

Carbon . . . . . . . . . . . . . .  . 
Hydrogen . . . . . . . . . . . . .  . 
Sulphur . . . . . . . . . . . . . .  . 
N itrogen + Oxygen . . . . .  . 
Coke . . . . . . . . . . . . . . . . .  . 
Volati le matter . . . . . . . .  . 

� Gross calori fic value . .  . 
g, N et calorifi c val ue . . . .  . 

. 

c I o. <!) E � :;: I �  � § I o v .� 
.....J "O 

Water . . . . . . . . .  . 
Gas . . . . . . . . . . .  . 
Crude o i l . . . . . .  . 
Semi-coke . . . . .  . 

Remarks 

Analyst 
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1 .00 
1 8 .00 
8 1 .00 
63 .49 
6. 1 8  
4 .50 
6.83 

56.70 
42.3� I 
4 . 1 
8.7 
20.7 
66.5 

78.38 
7 .63 
5.56 
8.43 
47.77 
52.23 

3.8 
1 0 .7 
25.6 
59.9 

...: 
Cl 

I 

2 

c o '" .... .... '-- .D c c ,,,, .- > o OlJ O Z .;: .....J - "--"5 0  
u 

1 .20 
20.85 I 
77.95 

5.82 

55.85 
42.95 
6536 
6280 

4 .6 
8 .8 
22.4 
64.2 

7.5 

44 .90 
55. 1 0  
8385 
805 1 

4 .4 
1 1 .2 
28.7 
55.7 

3 

c '" 
"t;; -'" o > "O � 

0.80 
1 7 .00 
82.20 
66.00 
5 .4 1 
4 .23 
6.56 

59 50 
39.70 
6984 
6660 

80.3 1 
6.58 
5 . 1 4  
7 .97 

54 . 1 3  
45.87 
8496 
8 1 04 

E Ol .... 
() 
....:, 
...: 
Cl 

A nalyses of eoal from 

4 

1 .00 I 1 5 .40 
83.60 
65.29 
5.75 
4 .34 
8.22 

56.83 
42. 1 7  
7035 
67 1 9  

5 

c '" 
"t;; -'" o > "O � 

1 . 50 I 
1 1 . 75 
86.75 
68.62 
5.52 
5.49 
7 . 1 2  

58.00 

I 40.50 
7375 
7068 

- I  
78. 1 0  
6.87 
5. 1 9  
9.84 

49 .52 
50.48 
84 1 5  
8043 

E 
� () 
....:, 
...: Cl 

79. 1 1  
5 36 
6.33 
8.20 

53.3 1 
46.69 
850 1 
8 1 58 

E Ol .... () 
....:, 
...: 

Cl 

6 

0.63 
7 .38 

9 199 

7 .62 

46.80 
52.57 
7885 
7583 

4.0 
1 0.2 
24.0 
6 1 .8 

8.29 

42.85 
57. 1 5  
8572 
8248 

3.6 
1 1 . 1 
26. 1 
59.2 
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the Advokat Seam. 

7 l 8 9 1 0  
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Sample 2, 1 928 (Analysis 6) is  a lso from borehole  5 ,  from the 
coal bed at the depth of 9. 48- 1 0.00 metres. The thickness i s  46 centi
metres, and the length o f  the core 35 centim etres or  67 per cent . of 
the whole bed.  The coal is rather du l l  and massive with a brown 
streak. Calcite i s  found on t iny fissures . The analysis sample  is the 
average of the whole core . 

Both the samples contain a h igh percen tage of  crude oi l ,  namely 23.6 
and 24 per cent. i n  crude coal and 29.25 and 26. 1 1 i n  pure coa l .  The 
coke is  molten and strong, and  the coa ls  would be  very suitable for 
crude oi l  d isti l lation . The ash content  is ,  however, high in sample I ,  and 
the thickness and extension of the seam is smal l .  For this reason i t  
i s ,  a fter a l l ,  no t  of  any  great value.  

Also the shales o f  the Advokat horizon y ield crude oi l  by dist i l la
t ion . Thus the shale band between the two coal benehes gave 8 per 
cent .  Sherdahl  made some crude oi l  determinat ions i n  the autumn  o f  
1 922. H e  found that  the carbonaceous shale from the  cutt ing in  fron t  
o f  Loven bre  No .  I gave 9 .42  per cent. and from Nye  Advokaten 8 .5  
per cent. crude oi l .  I n  grev sha le  from the two points he  found 2 . 1 0  
and 5 .0 per cent .  respectively .  

Sha le  samples taken by Hoel in  1 9 1 8  and ana lysed by  Andreas 
Rødland in  1 922 gave : 

A B 

Crude oil . . . . . . . . . . 8.67 8 .75 

Moisture . . . . . . . . . . .  2.55 2 .00 

Coke . . . . . . . . . . . . . .  86.45 85 .00 

Gas . . . . . . . . . . . . . . .  2 .64 3.25 

1 00.3 1 99.00 

It is thus only the brown sha le  and the carbonaceous shale which 
can be used as crude oi l  materia l ,  the l ight shales being too poor. 

Quanfity of eoal. I t  i s  d i fficul t  to make a calculat ion of  the quan
tit Y of co al i n  th is  seam .  Only Østfeltet , Agnesfeltet ,  and the eastern 
part of østre Centerfel t  can be taken in to consideration .  On the western 
areas the seam is ent irely unworkable .  

Area Coal area I Thickness I Coal quanti ty sq. k i lometres in metres in mi l l tons 

østfeltet . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .06 1 .3 1  0. 1 1 
Agnesfeltet . . . . . . . . . . . . . . . . . . . . . . . .  . 0.25 1 . 5 0 .49 
østre Centerfe l t . . . . . . . . . . . . . . . . . . .  . 0.40 1 0.7 1 0.36 1 

0.7 1 0.95 

1 The figures are only approximate . 
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I n  the above calculation I have included the coal thickness down 
to 0.60 metres. I t  may be doubted whether the seam will ever be 
workable in  østre Centerfelt .  If  we calculate with 1 8  per cent .  crude 
o i l  net by  d ist i l lat ion ,  the coal would give in a l l  1 70 000 tons .  The 
shales i n  th is  area wi l l  sea reel y give more than one-sixth of th is  
quantity, or  about 30 000 tons ,  and they are thus of no  great importance 
i n  the valuation of the seam .  In min ing this seam a great part of  the 
coal  and shale would be lost , and the above-mentioned figures wil l have 
to be reduced by at  least 20 per cent. 

In 1 920, 277 tons were raised from Nye Advokaten ,  but of th is  
quantity nothing was exported .  This seam has therefore only been 
worked experimental ly .  

Agnes-Otelie Seam. 

This seam is  situated stratigraphical ly 70-80 metres above the 
Advokat Seam .  Between the two seams  there i s  no other coal seam ,  
but on ly sandstones and  conglomerates. 

The seam has been worked in Agnes Mine in Agnesfeltet, wh ere 
i t  has been exhausted ,  and i n  Otelie Mines I and I l  in østre Center
feI t ; these mines were both closed down after a short period of  work, 
because they proved to be profitless. 

The Agnes Mine is  apparently situated on  a lower stratigraphica l  
levet  than the two mines i n  østre Centerfelt ,  but this is on ly  due to 
the Agnes Fault ,  which l im its the Agnes Mine towards the west .  This 
mine was already fil led with water on my first vis i t  to Kings Bay in 
1 922, and grooves on the surface showed that the hanging wal l  had  
broken down over  gre at areas. The who le  Agnes Syncl ine had then 
been worked out ,  and  the mine stretched beneath the carbon i ferous 
rock on the surface, where the seam had been cut by a faul t  in  an 
east-westerly d irection .  I should think i t  most pro bable that this had  
not  been  a faul t  bu t  the thrust plane,  and tha t  on working further i n  
that  d i rection t h e  Carboniferous rock would have been m e t  with .  

According to  t he  min ing company's report, 65 548 tons o f  co a l  
have been taken out of  the Agnes Mine .  

The seam in  the Agnes Mine consisted of  two d ifferent coal benehes 
with an intermedi ate band of sandstone .  The thicknesses were accord
ing to Sherdah l  as fol lows : 

Upper bench . . . . . . . . . . . . . . . . . . . . . .  . 
Sandstone band . . . . . . . . . . . . . . . . . . . .  . 
Lower bench . . . . . . . . . . . . . . . . . . . . . .  . 

Average 
in metres 

0.70 
0.42 
1 .20 

Max imum -I Min imum 
i n  metres i n metres 

1 . 40 
1 .00 
1 .80 

0.20 
0 . 1 0  
0.30 

The average th ickness was thus 1 .90 metres. Mining was commenced 
in  1 9 1 7 and the works were closed down in  1 92 1 .  
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Sherdah l  analysed the sandstone band a n d  found respectivel y 0 .74 
and 3. 1 4  per cent o f  crude oi l  by dist i l la t ion .  The sandstone is  thus 
valueless as raw material for crude oi l  d isti l lat ion .  

N o  exact average samples have been analysed from the Agnes Mine,  
but the coal  had certa in ly about the same ash content as the coals from 
the Otelie Mines .  When the exported coa l  from Agnes Mine contained 
1 7- 1 8  per cent .  ash , 3-4 per cent .  o f  sha le must have been included 
in  the coa! . 

As the seam is  m issing in 0stfeltet and has  been worked out in  
Agnesfeltet, i t  i s  of interest for future min ing only west  of t he  Agnes 

Z5 
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00 

15 

2 . .  

Fault .  On  my  visit i n  1 922 I measured two 
sections in  the Otelie Mine I. The sections 
are seen from fig. 38 .  In the sum mer  o f  
1 923 the  mine  was inaccessi ble .  

The mine had chiefly been opened for 
72 development work by a main slope along 

the d ip ,  and from these short gateways led 
towards the east and west .  The bottom of 
the s lope and the western gateways were 
partl y  filled with ice a lready at the time of 
my visit .  

The section P I  is measured about 60 
metres down the main slope and 1 0 metres Fig. 38. Sections of the Agnes-

Ote l i e Seam. in to the uppermost eastern gateway ,  and P I l  

_ e o a l  ;) 
� Shale 
[3 S al1dstone 
I ·.·.· :1 Con§omerate 1 

1 and  2. From Otel ie  Mine I .  
3 .  From borehole 4.  Thickness i n  

centimetres 

not far from  the bottom of the slope at the 
surveying bolt 2 1 .  The samples were taken 
as an exact average of the d ifferent benehes. 

The analyses made by Dr .  Gram are included in  the analysis table. 
I also took some shale samples for crude oil d i st i l lat ion .  

Geological section at P I : Section  at P l i : 

Thickness Th ickness 
i n  centimetres in centimetres 

25 eoal (P Ia) Shale, grey (P i l a) 
20 Sandstone (P Ib) 72 eoal with a 3-cent imetres-th ick 
60 eoal (P l c) sandstone parting near the hang-
27 Shale , brown (Pld) ing wal l  ( P l l b) 
22 eoal (P le) 1 5  Shale (P l lc ) 
40 Shale (P I f) 1 5  eoal (P l ld) 

Sandstone Shale ( P I le ) 

Above the shale of the hanging wall is a l ight conglomerate over
la in  by green conglomerate and green sandstone. 

The shales from the Agnes-Otel ie Seam are of  no  economic  value 
as raw material for crude o i l  d isti l lation .  The gre y shale i n  the h ang
ing wall gives no crude oi l  by d isti l lat ion ; the shale between the upper and 
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Analyses of  shale from  Otel ie Mine I :  

Number of sample 

Moisture . . . . . . . . . . . . . . . . . . . .  . 
Ash . . . . . . . . . . . . . . . . . . . . . . . .  . 
Coal substance . . . . . . . . . . . . . . .  . 
Coke . . . . . . . . . . . . . . . . . . . . . . .  . 
Volat i le matter . . . . . . . . . . . . . . .  . 

By low-temperature d i st i l lation : 
Moisture . . . . . . . . . . . . . . . . . . . .  . 
Crude oi l . . . . . . . . . . . . . . . . . . .  . 
Semi-coke . . . . . . . . . . . . . . . . . . .  . 
Gas . . . . . . . . . . . . . . . . . . . . . . . . .  . 

I n  pure coal : 
Coke . . . . . . . . . . . . . . . . . . . . . . .  . 
Volatile matter . . . . . . . . . . . . . . .  . 

By dist i l lat ion : 
Disti l led water . . . . . . . . . . . . . . .  . 
Crude oi l . . . . . . . . . . . . . . . . . . .  . 
Semi -coke . . . . . . . . . . . . . . . . . . .  . 
Gas . . . . . . . . . . . . . . . . . . . . . . . . .  . 

P IdT P I f  

2.00 
3.2 

93.6 
1 .2 

4.0 
1 .2 

93.6 
1 .2 

P I l a  

0.0 

P l l c  P i le 

1 .05 1 .05 
74.45 65. 1 0  
24.50 33.85 
85.50 77.30 
1 3 .45 2 1 . 65 

4.0 3.6 
3.2 8.8 

90.0 83.2 
2.8 4.4 

45 . 1 0 36 04 
54.90 63 .96 

1 2.2 7 .5 
1 3 . 1 26.0 
63.3 53.5 
1 1 .4 1 3 .0 

the  m iddle bench gives 3 .2  per cent . ,  and the shale i n  the foot wall  
gives 1 . 2 and 8 .8 .  The last figure is  certa in ly unusual ly h igh . 

As wil l  be seen from the sections, the coal seam varies a good 
deal . The upper bench, which a t  PI i s  25 cen timetres, is almost m iss
ing at P I l ,  and  the sandstone below this bench is m issing in the western 
part of the mine .  It was probably the two upper benches which were 
found in  the Agnes Mine ,  whereas the two lower ones are those found 
i n  Otel ie Mine I l .  I n  the westernmost par t  of  th is  m ine  the upper 
bench was ent irely m issing. This points to a d istinct i n terchange of  the 
benches, so that  the uppe r bench is wedging out towards the west  and 
the lower bench towards the east. 

The total thickness in Otelie Mine I was considerably less than i n  
t h e  Agnes Mine ,  at  P I  1 07 cent imetres a n d  a t  P I l 8 7  cent imetres. 
According to i n formation from Sherdah l  the total thickness farthest west 
in this mine  was 1 02 cent imetres. 

The m icroscopic exa m ination of  the stone band in  Otel ie Mine I 
showed a compact sandstone consist ing a lmost solely of rounded quartz 
grains up to O. l mi l l imetre ,  l arger grains being an  exception .  Some 
mica .  I n  the  matr ix there are pyrites and secondary iron oxides as 
well as coaly substance . 

The sandstone below the Otelie Seam i n  Otel ie Mine I conta ins 
l arge grains  of  quartz of  up to 0 .5  mi l l imetres in  a black to bl ackish
brown matrix ,  made up of  pyrites edged with secondary i ron oxides. 
Some gra ins are quartzitic. Some muscovite is also observed. 

The rock above the Otel ie Mine is a sandstone with gra ins of 
quartz with a diameter of  up to 0 .5 mi l l imetre. This sand forms about 
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A nalyses of coal from 

Number of analysis 1 l f2l 3
· 1 4 1 5 I 6 I 7 1 8 I 9 

Local i ty of sample 
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Ash . . . . . . . . . . . . . . . . . . . .  
Coal substance . . . . . . . . . .  
Carbon . . . . . . . . . . . . . . . . .  
Hydrogen . . . . . . . . . . . . . . .  
Su lphur . . . . . . . . . . . . . . . . .  
N itrogen and oxygen . . . . .  
Coke . . . . . . . . . . . . . . . . . . .  
Volati l e matter . . . . . . . . . . .  
Gross calori flc value . . . . .  
Net calorifl c va lue . .  . , . . 
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the Agnes-Otelie Seam. 
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90 per cent .  o f  the rock. Between the grains i s  a black matrix ,  partly 
of organic origin and containing some muscovite. 

From Otel ie Mine  I a total o f  9435 tons of  coal was raised . 
I n  the autumn  of 1 923 the Otel ie  Mine I l  was opened farther to 

the west. The th ickness was here 1 . 5 metre at the outcrop, but down
wards a long the dip it decreased , and accord ing to Sherdahl  t he  total 
thickness of 1 1 0 metres down the main slope was only 88 cent imetres 
with a stone band of  1 6  centimetres. It i s  the m iddle and lowerm ost 
benches from the Otelie Mine I which are found here. By a gateway 
towards the east the two m ines were l i nked up with each other. The 
mine  was closed down because i t  cou ld not  be run on a profit-earning bas is .  

Farther to the west  im mediately at t
,
he  J osefine Faul t  the seam 

was exposed by Sherdah l  i n  1 923. The thickness was here 2 .3 metres. 
It is  thus l ikely that  a smal l  a rea in  the north western part o f  østre 
Centerfel t  has a greater th ickness than in  the mines .  

In Vestre Centerfel t  the coal seam is  refound i n  the  mountain 
slope about 90- 1 00 metres above sea-Ievel , and the outcrop from here 
s inks westward toward Brøggerdalen . The seam has  not been exposed 
in this area,  as the coal area i s  o f  very small extent .  The distance 
along the d ip from the outcrop to the thrust plane scarcely exceeds 
250 metres. 

In Vestfeltet the seam was pierced by bore hole 4 on Leirhaugen, 
where the th ickness was 72 centimetres including sha le parti ngs. Further ,  
i t  has been uncovered at  Skjerva , where,  according to Sherdahl , a test 
pit  had been worked 8 metres down without reaching solid coal . 
Sherdahl found 1 2 .55 per cent .  of crude oi l  by dist i l l at ion o f  coal m ixed 
with shale from this spot. The thickness is thus still unknown h ere. 
This is a lso the case in  Lagunefel tet . 

In 1 923 I tr ied to uncover the seam in  front  of  Brøggerbreen,  but 
d id not reach the sol id rock. 

The analyses of  the Agn es-Otel ie Seam wil l  be seen from the analysis 
table .  As wil l be seen, severaI o f  the samples are from the  oxidised 
outcrop and a re thus strongly weathered. The su1phur con tent of th ese 
samples i s  a1so lower, because the pyrites have been oxidised.  The 
red-coloured ash from these coals i s  due to this content of pyrites. 

The production analyses from the Otel i e  Mine I l ,  according to 
Sherdah l ,  showed 1 2. 2  per cent. of ash and 2.34 per cent .  of water. 
By  dry dist i l lat ion at 500 0 C they gave 6 . 1 per cent. moisture and 
1 9.6  per cent .  crude oi l . 

Quantity of eoal. The Agnes-Otel ie Seam does not exist i n  øst
fel tet and has  been worked out i n  Agnesfeltet. I n  østre Centerfe l t  the 
seam is  well known from the two mines which have been worked in this 
area.  In Vestfeltet the seam is  known only from borehole 4 .  The 
figures concern ing the thickness in  the  western areas cannot therefore 
be relied upon .  
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I n  the table below I have included both co al i n  sight and probable 
coa l .  In østre and Vestre Centerfelt  I have calculated with a thickness 
of  1 .00 metres , and in  Vestfeltet with on ly  0 .80 metres. It i s  thus very 
d i fficul t  to say how much o f  the existing quantity of  coal may be work
able. At present the workabi l ity of  the seam is  doubtful on the whole .  

The table below shows the whole existing coal quantity of  the 
Agnes-Otel ie Seam .  

Area 

østre Centerfelt . . . . . . . . . . . . . . . . . . .  . 
Vestre Centerfe l t . . . . . . . . . . . . . . . . . .  . 
Vestfeltet . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Lagunefeltet . . . . . . . . . . . . . . . . . . . . . . .  . 

Coal area i n  
sq. k i lometres 

0.4 
0. 1 6  
1 . 5  
0.22 

2.38 " 

Thickness 
in metres 

1 .00 
1 .00 
0.80 1 
0 .802 

Coal quant i ty 
i n mi l l .  tons 

0.52 
0 2 1 
1 . 50 1 
0.23 2 

2 .46 

As wil l  be  seen, the th ickness in  not great anywhere in  this seam ,  
and i t  is t hus  very doubtful whether the seam can  be worked at a 
profit  unless eoal prices are exceptional ly h igh . Owing to the  stone 
band the coa l  must be separated very carefu l ly .  

Josefine Seam. 

This coal seam was found in  1 920 about 20 metres above the 
Agnes-Otel ie Seam ,  and the work was . concentrated on th is  sea m  in 
the josefine Mine .  The josefine Seam does not  occur east  o f  the josefine 
Mine i n  østre Centerfelt, because the upper part  of  the sequence is 
m issing eastwards. I n  josefine Mine the seam contained no part ings of  
shale and sandstone. I n  the hanging wal l ,  however, a th in  layer of  
carbonaceous shale occurred , which frequently fel l  down dur ing the 
blasting and got m ixed with  the coals .  

The hanging wall above the  carbonaceous shale was made up of  a 
l ight grey, soft sha le with an abundance of plant fossiIs . The foot  wal l  
consisted of a n  argi l laceous, laminated sandstone. 

The thickness of the seam varied from 0.5 to 3 metres in  the  
m ine .  Also greater thicknesses were met  with , bu t  these were of  a 
sec onda ry nature,  due to folding of the  seam .  

T h e  m i n e  extended 1 35 metres beyond t h e  outcrop o f  t h e  th rust 
pl ane above , and was l im ited towards the west by the j osefine Fault . In the 
northwestern part  of  the m ine  the thickness was too sma l l  to be  worked . 
Also towards the south east the work had soon to be stopped, because 
the seam pinched out i n  this d irection  behind a coal-pocket .  The reason 

1 The figures are only approximate. 
2 The figures are only est imated and qui te uncerta i n . 
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i s  tha t  the seam a long th is  boundary l i ne  has  been folded together 
during the th rusting, and behind this fold the seam had been scoured 
away by shearing. 

The work was part icularly d i fficult i n  the lower part of  the m ine  
owing to  great tectonica l  d i sturbances. The top  wall was  bad  every
where ,  and the t imbering was a very ex pen sive i tem .  

I h ave  mentioned on page 63  some  of the typical d isturbances i n  
th is mine .  T h e  great coal-pockets were up t o  7-8 metres in  height .  
Also severai  north-southerly faults were met with in  the mine.  These 
ean be seen from the map and the sect ion fig. 1 9. In th is  section the 
eoal seam is  seen along the western main slope in  j osefine Mine .  

I n  Vestre Centerfelt ,  Vestfeltet ,  and Lagunefeltet the j osefine  Seam 
is  altogether unknown because the seam has not  been uneovered in  
these areas. West of  the j osefine Fault it is  refound cropping out i n  
t he  mounta in  slope about 1 20 metres above sea-leve! .  From here the 
outerop runs down towards Brøggerda len .  I t  can h ardl y  be doubted 
that the thiekness of  the Seam is  fa ir ly good also here. H owever, the  
seam i s  s ituated so close up to  the thrust p lane that  t he  extension of  
the  seam a long  the  dip eannot amount to more than about  200 metres , 
and near the th rust plane great disturbances may also oecur. The eoal 
seams cropping out i n  the mounta in slope here might perh aps best be 
worked from a com mon ad it cross ing a l l  the seams .  Obviously ,  the 
outcrops wil l  fi rst have to be exposed by cuttings to be certain that 
the eoal thieknesses are great enough . From the pieces of eoal found 
down a long the s lope the seams here must be presumed to have partly 
workabl e thicknesses. 

In Vestfe l tet the posit ion of  the j osefine Seam is somewhat doubtfu! .  
I f  the distance between the j osefi ne Seam and  the Agnes-Otelie Seam 
in  østre Centerfelt and i n  Vestfeltet is the sam e ,  i t  must be the j osefine 
Seam which was pierced from a depth of  1 6.82 to 1 6.95 m etres in  bore
hole 4 on  Leirh augen . Jf  th is is  the ease the J osefine Seam is  o f  no 
value here .  Yet the shales on  top of Leirhaugen are very s imi lar to 
those above the josefine Seam ,  and i t  is  thus possib le  that the d istanee 
between the two seams is  greater westward .  In th is  case,  however, 
th e seam is  here si tuated so close to the surfaee that it can hardly be 
worked i n  the northeastern part of  th is  area. 

The j osefin e  horizon also occurs in  Lagunefeltet , but the seam has 
not  been uncovered. 

The josefine Seam had been exhausted on østre Centerfelt i n  the 
spring of  1 924 and the  mine  was then closed down . In a l l  about 300 000 tons 
were raised from this mine.  The average th ickness was about 1 . 40 metres. 

Quality of coal. Fig. 39 shows some seetions from the m ine .  I n  
these local it ies ave rage samples have been taken from the foot wa l l  to 
the top wal ! .  In 1 922 I took s ix sueh samples and i n  1 923 one ,  
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namely the one from room 26 b .  The  analyses of coal from these 
spots ,  e . g. P I-PVI  and 26 b ,  represent the most exact analyses from 
this seam . As wil l  be seen from the analysis tab le ,  the conten t o f  ash 
i s  considerably h igher in the exported coa ls  than i n  these mine  samples. 

Sample PI (Analysis 1 and 2) is  from a pil lar in room 1 2  in the 
northeastern part of  the mine on a co al  th ickness of 2.60 metres ,  
sampled on the Aug.  1 8, 1 922. P I  a is  from the upper hal f  of the seam ,  
P I  b from the  lower part. 

Sample PIl (Analysis 3) was collected on Aug. 1 8, 1 922 in the 
upper and western part of  the mine in  room 1 3 , about 30 metres from 
the face. The thickness was 
1 .45 metres. 1 2 4 5 

Sample PI I I (Analysis 4) 
was collected on Aug. 1 8, 18 

1 922 about th ree metres 
from face in room 3 c ,  
western most i n  the mine on 
a coal thickness of 1 .30 m .  
T h e  section i s  seen from 
fig.  39, 1 .  At the face the  
section was  as  in  fig .  39, 2 .  

Sample l V (Analysis 5) 
was col lected on Aug. 1 8, 
1 922 on a co al thickness of  
two metres i n  the room 9 b ,  
westernmost i n  t h e  mine .  

Sample V (Analysis 6) 
was collected on Aug. 1 9, 
1 922 at the bottom o f  th e 
slope 1 b on a coal th ickness 
o f  1 .20 metres. (Fig .  39) . 

130 

. e o a l  � Shale  
æ C arbonaceou s shal e 
i· . : .: :··:j S andf!>tone, ar§illaceou& 

Fig. 39 . Sections of the J osefine Se am i n  

Josefine Mine . 
1 .  From raom 3 c ,  ana lys is  PI  I l .  2 .  From raom 3 c .  3.  From 

main s lope 1 b, analysis PV. 4.  From raom 3 1 ,  analysis P V I .  
5.  From room 2 6  b ,  ana lys i s  K 6 Thickness i n  centi metres. 

Sample VI (Analyses 7 and 8) was coll ected on Aug. 1 9, 1 922 
near gateway 3 1  at the m ai n  slope on  a coal thickness of  200 m etres .  
The sample PVI a i s  from the l ower ha l f  o f  the seam and PVI b from 
the upper h alf. (Fig. 39) . 

Sample 26 b (Analysis 1 0) was collected on  August 7 ,  1 923 in  
room 26 b in  the lowermost part  of  the mine  on a coa l  thickness of  
2 .05 metres. ( Fig .  39) . 

The average analysis No .  9 i s  certain ly very elose to the actual 
com position of  the J osefine  coal i n  J osefine Mine .  

From the analyses and the working of  the mine  i t  was found that 
the ash content was h igher in  the lower part of  the mine than i n  the 
upper part. This may to a certai n  extent be due to greater down fal l  
of rock from the top wa l l ,  bu t  i t  i s  also h ighly probable tha t  the  coal 
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Number o f analysis T' 1 

Loeal i ty o f sample 

Moi s ture . . . . . . . . . . . . . . . . . .  
Ash . . . . . . . . . . . . . . . . . . . . . .  
Coal substanee . . . . . . . . . . . .  
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Hydrogen . . . . . , . . . . . . . . . . . 
Su lphur . . . . . . . . . . . . . . . . . .  
N i trogen and oxygen . . . . . . .  
Coke . . . . . . . . . . . . . . . . . . . . .  
Volati le matter . . . . . . . . . . . .  
Gross ea lor ifle val ue . . . . . . .  
N et ealori fle value . . . . . . . . .  

C;; o u 
� ;::J 

. c o. o 
E <1.) ._ <- � � E � 
::s e ·;: 
o <1.) I/) 

-l :; 

I Water . . . . . . . . . .  
Gas . . . . . . . . . . . .  

I Crude oi l . . . . . . .  
Semi -eoke . . . . . .  

I Su lphur . . . . . . . . . . . . . . 
Cnke . . . . . . . . . . . . . . . . .  
Volat i l e matter . . . . . . . . 
Gross ealor i fle val u e . . .  
Net ealor i fl c val ue . . . . .  

o. ' c o. o Wate r . . . . . . . . . .  
.s E � .= Gas . .  Q) ;::J Ol . . . . . . . . . 

� E § Crude o i l . . . . . . 
o Q) <fl Semi -eoke . . . . . .  ...j :.o 

Remarks 

Ana lyst 

cU 
c Ol ' - - N 
:;::: 0.. -
<1.) <1.) E c - o cc e- o aJ C Ct: In Ol O (/) -, 

1 .85 
8. 1 1  

90.04 

1 .23 
-

56.42 I 4 1 .73 
7538 I 7235 

I 7 . 6  
8 .4  

I 1 7 . 2 
66 . 8 

1 .36 
53.65 
46.35 
8370 
804 6 

6 . 4  
9 .3  

1 9. 1 
65 2 

c: <1.) '-blJ >  Ol <-<- O  lJ N 
� E'� 
0 <1.)  -
� o.. 
� E  Ol (fl 

E 
2 ("\) 
o bl 
c: -
Cl 

2 

<1.) . 
c .D ' - - N 

:2; 0.. -
<1.) <1.) E c - o cc o. o <1.) E Ct:  In Ol �(/) 

2 .28 
1 0. 50 
87.22 

-
-

1 . 1 2 

57 .92 
39 80 
7303 
7007 

5 6  
7 . 6  

1 9 .6 
67 . 2 

1 . 28 
54.36 
45 .64 
8376 
8052 

3 .8 
8.7 

22. 5 
65.0 

c 
(1) ':;: blJ <-E O  
� >.N 
� .D � 
� ., -u _ 
" o. >< E U-l Ol (fl 

E 
E N 

O "I O) -c: 
Cl 

1 I n  pure eoal : C. 83. 1 6, H 6 . 56, N + 0 8 . 72.  

I 

I I 

3 

.; Cf) C -
� : E QJ Q.. o 
C§ E � ., Ol (fl (/) O 
-, 

1 .80 
1 0.80 
87.40 

-

1 .30 

55.25 
42 95 
7254 
6960 

6.4 
6 .0 

1 8 8 
68.8 

J .49 
50.84 
49. 1 6  
8299 
7975 

5 l 
6 .9  

2 1 .6 
66.4 

c 
(1) ';;: blJ <-E O  
aJ N ;;.. >' C"l "' .D o.  
� Q) -u _ 
" o. >< -U-l C Ol lf) 

E 
� � O o-, 
c: -
Cl 

I 

I 
I 

I 
I 

I 

Analyses of eoal 

4 

cU .S :::: o 
:;::: - Cf)  
<1.) � E c o. o 
"" E o <1.) Ol Ct: i!5 (/) 
-, 

1 .79 
1 0.06 
88 . 1 5 

-

Ll 8  

56.56 
4 1 . 65 
7334 
7038 

6.0 
7 . 6  

1 9 . 6  
66.8 

1 .34 
52.75 
47.25 
8322 
7998 

4 .8 
8 .6  

2 2 . 2  
64.4 

c 
(1) '; blJ <-E O aJ N > >- ('\1 "' .D o. 
� <l) -u _  
" o. >< E U-l " I/) 

E 
;:: � 0 0)  -c: 
Cl 

I 5 1 6 

ai 
c . .- > .D  :;::: - 01 

<1.) 
� o. E 
"" E o 

� � �  O -, 

I 1 .8 1  
9 . 98 

88.2 1 

1 1 8 

58.33 
39.86 
7284 
6987 

I 8 . 0  
5 . 6  

I 1 7 . 6  
68.8 

1 .34 
53.76 
4 6 . 24 
8258 
7934 

I 6 . 9  
6.4  

I 20.0 
66. 7 

c: 
� .;: 01) <-E O 
� >. (\1 
� .c �  
� aJ -u _ 
", o.  
>< E U-l "  'f, 

E 
" '" <- N  0 0)  -c: 
Cl 

I 

I I 

.D -ai <1.) C o. 
� �  (/) 
<1.) 
c >  

"" 
<1.) �  <fl o.  O E -' ",  (/) 

1 . 55 
1 3 . 66 
84.79 

-
-

1 .97 
-

58.06 
40.39 
7064 
6780 

6.4 
9.2 

2 1 . 2  
63.2 

2 . 32 
52. 42 
47 58 
8332 
8008 

5 .8 
1 0 .9  
25 .0  
58 .3 

c v ';: 01) ,-E O  
aJ N > >' N "' .D O)  
� <l)  -0 -Ol o. >< E U-l Ol (fl 

E 2 �  
0 01  

-c: 
Cl 



G E O LOGY OF T H E  K I N GS BAY R E G IO N ,  S P I TS B E R G E N  1 39 

from the josefine Seam. 
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in the lower part contained more calcite, because it was s i tuated nearer 
the l imestone and the thrust plane .  I also observed some pebbles of 
shale in terbedded i n  the coal seam .  

Shale from t he  J osefine horizon i s  o f  no  value as r aw  materia l  for 
the product ion of  crude o i l .  A sample from the shale above the seam 
in  room 3 c contained 2 .4 per cent .  moisture, 0 .8 per cent . crude oi l ,  
96.0 per cent .  semi-coke, and 0 .8 per cent gas. An analysis made by 
Sherdahl on l igh t  sha le from the t ip in  1 922 conta ined on ly  0.60 per cent .  
crude o i l .  The carbonaceous shale i n  the hanging wall had too small a 
th ickness to have any value as crude oi l  material .  

The quantity oj coal i s  impossible to determine in the remain ing 
th ree western areas .  Both coa l  areas and th icknesses are only 
est imated . 

Area Coal area in Th ickness Coal quantity 
sq. k i lometres i n metres i n m i l l .  tons 

Vestre Centerfel t . . . . . . . . . . . . . . . . . . .  0 . 1 2 1  1 .40 1 0.22 1 
Vestfeltet . . . . . . . . . . . . . . . . . . . . . . . . . .  0.80 2 1 .00 2 1 .00 2 
Lagunefeltet . . . . . . . . . . . . . . . . . . . . . . . .  0.20 2 1 .002  0.26 2 

1 1 2  1 .48 

As wil l  be seen from the table ,  no  certa in  coal a rea has been 
opened on th is seam .  It is  highly probable ,  that there i s  about 
220 000 tons in  Vestre Centerfelt .  In Vestfeltet there may possibly be 
about one m il l ion tons i n  a l l ,  but the coal will here be  d i fficult to win . 
H ow much can be counted upon as workable coal it is impossible to 
say.  In Vestre Centerfelt  there may be great tectonical disturbances, 
and in  Vestfeltet  the seam may in  part be  situated so near to the sur
face that water from the glaciers wi l l  break in to a future mine .  

A rise from the  Josefine Mine penetrated a smal l  seam six metres 
above the J osefine  Seam . The thickness was 0.60 metres a t  this point ,  
but on further examination the extension proved to be very l im ited , so 
that the seam m ust be regarded as valueless. 

Ragnhild Seam. 

This seam is  stratigraphi cal ly  situated about 36 metres above the 
J osefine Seam . The sequence between the two seams is  mostly covered , 
and thus i t  is impossible to get a detai led cross section of these layers. 
The greater part is ,  however, made up of  green sandstone with some 
layers of  shale .  

1 Approximately correct figures. 
2 The figures are only an estimate and thus qu i te uncerta in . 
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The Ragnhi ld  Seam is  found i n  østre Centerfel t  and the areas to 
th e west. The seam has, however, been examined very l i t t le .  It has  
been exposed in  Ragnh i ld  Mine in østre Centerfelt .  The sectio n  i s  
seen in  fig .  40 .  The d ip i s  1 0 °  SW. Above th i s  section is  found l ight 
green,  partly coarse sandstone with carbon ised plant-remains .  On  my 
vis i t  i n  1 922 the mouth of  the addit  was a lready covered by fal len 
debris, and I could only measure the section seen in  the cutt ing. 
According to Smith Meyer a 30-metres-long slope had been worked ,  
and from the bottom of th is  a 20-metres-Iong gallery led to the south
east , resul t ing i n  the wedging out of the seam in that d irection down to five 

Fig. 40 .  Section of the Ragnhi ld Seam 
at Ragnhi ld Mine . 

l .  Green sandstone with a smal l  coal seam a t  t h e  bottom .  

2. Brown sha le .  3 .  0.9 metres sandstone w i th  sma l l  pieces 

of  coal . 4.  0. 1 0-· 0 . 1 2 metres co a l .  5. 3.0 metres sh. le  with 

leaves of  fol iage trees .  6. 0.4 - 0. 7  metres coal ,  the Ragn

h i l d  Seam.  7 .  0.9 metres greyish-brown shale 8 . 0.2 metres 

sand y, brown shale .  9, Grey shale with plant-remains .  ... 

Fig. 4 1 .  Section of the cutt ing 
at KB 2. 

1 . Permo-Carbon i ferous chert. 2 . Thrust

plane . 3. Green sandstone 4. CoaI . 

5. Brown shale with plant foss i I s .  6. Sand y 

sha le  with yelolwish-brown weath eri n g .  

cent imetres. This contraction i s  certain ly on ly loca l ,  because the seam 
has  been observed at severai points westward with a th ickness o f  not  
far from one metre. 

About 400 metres east of the Ragnhi ld  Mine the seam is  cut against 
the thrust plane, and east of  this point  the Ragn hi ld  horizon does not  occur. 
Between these two points the outcrop can be traced from the float  coa! . 

I n  a smal l  cutting between the two branches of the Josefine Fault 
west of the Ragnh i ld  Mine the eoal seam has been uncovered by Sher
dahl .  Above the seam follows green sandstone, and farther up six to 
e ight metres of greyish-brown argi l l aceous and l am inated sandstone i s  
seen . I n  t h e  upper part o f  th is sandstone was a horizon conta in ing 
plant  remains and plant sterns .  Farther up was a green laminated sand
stone l ike the one at the bottom of K B , then a thin layer of  car
bonaceous shale ,  and uppermost i n  the exposed pa rt of the sequence 
was an easy-weathering sha le .  The dip was min imum 20 ° towards the SW. 

On the western side of the Josefine Fault pieces of coal are found 
i n  the slope up to 1 50 metres above sea-leve! ,  but the slope is  covered 
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and the above-lying coal seams. 
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al l  over by scree. 300 metres farther to the west  and 
1 1 0 metres above sea-Ievel a coa l  seam crops out ,  
and a great quantity of coa l  pieces are found in  the 
rock waste. I tried to uncover the seam here,  but had 
to gi ve i t  up owing to lack of  assistance .  

I t  is  perhaps the Ragnhi ld Seam which has  been 
exposed in  the cutting at K Bz but i t  may as well  be 
on e of the  above-Iy ing smal l  seams.  The seam is  here 
found close under the th rust plane and the Carboniferous 
chert. The thickness,  20-25 centimetres , is  hardly 
the original  one ,  because the seam has certain ly been 
thinned out .  The sect ion is seen in fig .  4 1 .  The d ip  
is rather great, v i z .  abou t  50 ° SW.  The seam a t  K B2 
is quite valueless. 

In Vestfeltet the seam could be observed in  the  
brook a long the eas t  s ide of Brøggerbreen immediately 
west of the fault .  The brook had cut through the 
undulat ing seam ,  which lay uncovered for some d istance. 
The  section here was as  fol lows ; measured from south 
to north (fig. 42) : 
Thickness 
i n  metres 

Sandstone , green , partly laminated with carbonised plant 
remains . Dip 50° S 20 o W. 

1 .30 Sandstone, blu ish -green , compact 
0.05 Coal 
0.50 Shale , brown , with plant foss i ls 
0. 1 0  Coal 
1 .00 Shale, green, sandy, with large leaves of hard wood 
0.05 Shale, dark brown 
0.60 Shale, dark grey with plant foss i ls 
1 .60 Sandstone, greyish-green , fine-gra ined with · carbonaceous 

plant remains on the bedding-planes 
1 .00 Coal, thickness irregular and smal l near the faul t seen i n  

the section 
4.00 Shale, brown and strongly Folded with lenses of sandstone 

i n the upper part 
0 . 25 Coal, the same seam as above. The thickness increases 

to 0_7-0.8 mitres northwards, where the seam is lying 
just below the surface cover. 

About 80 metres northwards the seam is  covered , 
and here is probably a l i tt le fault, because to the 
north we find green sandstone,  partly coarse and partly 
laminated with carbonised plant fossi I s  i n  the bedding 
planes .  1 85 metres north of  the l i tt le fault  a coal 
seam is  cropping out below a smal l  waterfal l .  I t  was 
not uncovered, but to j udge from the outcrop the 
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th ickness must  be  above 0 .5  metres. I t is certa inly the Ragnhi ld Seam 
which aga in crops out here .  

Farther to the west pieces of  coal  are found in  the b rooks com ing 
from below the  glacier front, and i t  i s  very pro bable that  these pieces 
originate in part from the Ragnhi ld  Seam .  The  seam i s  thus probably 
si tuated so close under the glacier that working i s  impossib le .  Farther 
to the west  the seam is  unknown . 

Coal quality. The analysis table on page 1 42 includes some ana
lyses o f  coal from the Ragnh i ld  Seam.  As wi l l  be seen, the ash content 
i s  comparatively smal l .  This i s  also the case with the percentage of  
crude oi l  obtained by low-temperature dist i l lat ion. 

In the autumn of 1 922 Sherdahl made some crude oi l  determina
t ions i n  respect of coal from the Ragnhi ld Seam .  H e  found that co al  
from the Ragnhi ld Mine gave 1 6 .20 per cent. , sha le from the same 
point 1 .9

. 
per cent . ,  coal  from the cutting 200 metres to the west of  

the mine 1 6.95 per cent. on  the m iddle layer,  and 1 9.08 per cent on 
the  lower layer .  I n  coal from Brøggerdalen he  found 1 6.70 per cent .  

The quantity of eoal i n  the Ragnh i ld  Seam i s  o f  no  great im
portance because of the h igh stratigraphical posit ion of  the sea m .  For 
th is  reason the  coal areas are quite tr ifling.  Further, the thickness i s  
so smal l  tha t  the seam can hardly be worked everywhere. Wi th  the  
present coa l  p rices i t  i s  scarcely workable a t  any point  so far known . 
The total coal quantity in  this seam i s  seen from the fol lowing table .  

Area Coal area in I Thickness Coal quantity 
sq. k i lometres i n  metres i n  mi l l .  tons 

østre Centerfelt . . . . . . . . . . . . . . . . . . . .  0.075 I 0.60 0.06 
Vestre Centerfel t . . . . . . . . . . . . . . . . . . .  0.065 0.70 0.06 
Vestfeltet . . . . . . . . . . . . . . . . . . . . . . . . . •  0.500 1 I 0.70 1 0 .45 1 
Lagunefeltet . . . . . . . . . . . . . . . . . . . . . . . .  0. 1 4  0.702  0. 1 2 2  

0.780 I 0 .69 

On account of the high posit ion and  the smal l  a reas the workabi l i ty 
o f  th is seam wil l  be particularly doubtful .  

Other Coal Seams. 

Besides the six main seams severai small seams have been observed 
on the field .  Some of  them extend over only small areas and are 
o f  no  economic interest. Their posit ion wil l best be  seen from the 
d ri l l  records. 

The greatest of  these seams  i s  situated between the Sofie and the 
Advokat seams .  This seam has been met wi th a lmost at eve ry po int  

l The figures are on ly approximate . 
2 The figures are estimated and qu ite uncerta in . 
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where t h i s  horizon has  been penetrated .  I n  severai local i t ies i t  i s  up  
to  40-50 centimetres, bu t  impure. I n  t he  Olsen Mine  i t  i s ,  accord ing 
to Sherdah l ,  80 centimetres, but a lso here i t  i s  of poor qua l ity (fig.  33) .  
The on ly  l ocal i ty i n  which th i s  seam may be of any interest for m in ing 
i s  in the eastern part  of  Agnesfeltet , where borehole  5 pierced a seam 
wi th 0.80 metres of coal  uppermost ,  and downwards 0. 1 0  metres sha le 
and 0. 1 0  metres coal .  This is probably the same seam ,  though I am 
not qu i te  sure ,  because there are so many seams i n  th is sect ion that 
a repeti t ion owing to thrusting m ight have taken place . I regret to say 
that we got no  core of  the seam here .  

At the head o f  Brøggerdalen j ust below the waterfa l l  and aga inst  
the Carbon i ferous rock a smal l  coal seam crops out .  The th ickness i s  

Fig.  43. Section o f  the 
cutti ng at K B I .  

1 .  Green sandstone.  2 .  0 . 8  metres 

l i gh t  grey sha le  wi th  plant fossi l s .  

3.  0 . 1 2  metres sha le  w i th  p ieces of  

coal .  4 .  0 .07 metres of  coal . 5.  0 . 1 3  

m etres b l ack  sha le .  6 .  0 . 1 0  metres 

yel low sh,,Je .  7 .  Grey sha l e .  

Fig .  44. Section o f  the cutti ng  at K B . 
t .  Argi l laceotls chert. 2. 1 .4 metres grey i s h-brown sha le .  

3 .  0 . 7  metres l i gh t  grey sha le .  4 .  0 .3 metres carbonaceous sha le  

w i th  same lenses o f  sandstone .  5.  0.35 metres fl i n t  y sandstone .  

6 .  0 .70 metres carbonaceous  s h a l e  w i t h  l enses of  sandstone .  

7 .  1 .0 metres brown sha le  w i t h  carbonaceous sha le .  

8. Grey sandsto n e .  

only 7 cent imetres. The seam is  only a remnant  o f  a seam which has 
been destroyed dur ing the th rusting ,  which has acted a long the seam 
here. I t  is one of  the smal l  upper seams and o f  no  va lue .  Below the 
seam is  2 .5  metres of  shale conta in ing an  a bundance of  plant fossi ls ,  
This shale gave no  crude oi l  by disti l la ti on .  

The KBI-Seam l y i ng  about 30  metres above th e Ragnh i ld  Seam 
is  known only from østre Centerfel t .  Below the seam is  a l ight  green , 
l am inated and rather fine-gra ined sandstone contain ing some 1 eaves o f  
hardwood and  an  abundance o f  carbon ised plant  remains on  the 
bedding-planes .  

The sandstone above th e seam is  coarse, green ish-brown . The 
section from the cutt ing measured by myself is  seen from fig.  43 .  

An analysis made o f  coal from tb is  seam i s  seen as  number 1 3  
i n  the table o n  page 1 43 .  

Owing to s trong oxidat ion the con tent of  mo isture is h igh and the 
calor ific value smal l .  In fresh condi t ion th is  coal would be o f  about 
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the  same type as the coal from the Ragnhi ld Seam. The seam is of no  eco
nomic  value owing to the smal l  th ickness and high stratigraphical position .  

The KB-Seam i s  situated about  8 metres above the K B I-Seam ,  
and close beneath the overthrusted Carbon iferous chert ( fig .  44) . This  
seam is  only known from the cutting  in  østre Centerfelt ,  where i t  
merely consists of carbonaceous sha le .  The th ickest of the shale-Iayers 
gave by dist i l lat ion : Moisture 6 .4 per cent . ,  crude oi l  4.0 per cent. , 
semi-coke 85.6 per cent .  and gas 4.0 per cent. Another shale sample 
( P7) from the one-metre-th ick layer gave : Moisture 1 .6 per cent . ,  crude o l l  
0 .8 per cent . ,  semi-coke 96.8  per cent. , and gas 0 .8 per cent .  A third sample 
gave no crude o i l  by d istillation .  The seam is  of no  value whatever.  

I t  i s  possib le that KB and K B !  belong to the same horizon ,  be
cause the seam at KB seems to be bent up ,  so that  i t  might re
appear at KB. This could not  be stated with certa inty and i s  for that  
matter of no  importance. In both spots the seams are so c lose to the 
thrust p lane that  i f  they had  really been workable in  other respects, 
they could not have been worked here.  

Quality of co al. 

Coal is a sol id m ixture of complicated carbon compounds ,  and 
belongs to the  group of  sediments wh ich H enry Potonie has  named 
Kaustabialithe. Coal in  a general sense i ncludes only such compounds as  
are fossi l iferous. The classification of the d ifferen t  qual i t ies of coa l  i s  
very d ifficult , because every possible transit ion is  found between the 
m ore distinct types. 

A general dist inction is made between two ma in  varieties of  coal , 
n amely ordinary coal and brown eoal . Ordinary coal i s  divided into 
anth racite , semi-anthraeite, eaking eoa l ,  steam eoal (sand and s inter 
eoal )  and cannei eoaJ l .  Brown coal i s  d iv ided into b lack l ignites (Pech

kahle) , ordinary brown eoal , earthy brown coal ,  woody brown coa l ,  
and canne i  brown coal .  

Brown eoal  is  usually younger than ordinary coa l ,  but severai 
i nstances are known of ordinary coal being younger than brown coal 
o f  the sam e  d istrict. Th is  is  the case in Spitsbergen ,  where the Terti
a rv coals are real b i tum inous, whereas the coal from the Cretaeeous 
formation is  partly brown coal .  Thus, time alone i s  not the decis ive 
factor in  the formation of any coal var iety .  

The  general ru le  i s  tha t  the greater the age  of  the coal the more 
gas it has lost .  U ndisturbed seams  are usually rieher in  gas than 
eorresponding coa l  whieh has been exposed to fold ing or other tecton ieal 
d isturbanees. It i s  also of  importance i f  the roeks are porous enough 
to let out the gas. I t  is  often notieed that the seams are poorer in 

l Bitum inous eoa! include eak ing eoa! and steam eoa! . 
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gas near the outerop than deeper  down , and poorer in  the anticl ines 
than in  the synel ines .  

We sha l l  not  go further into th is  matter here, but on ly ment ion 
the common elassifieation aeeord ing to the con ten t  of  volat i le matter as 
applied i n  Westphal ia (R .  Potonie 1 924) : 

Name of Coal 
Percentage 
of volat i l e 
matter 

Anthrac i te and semi · anthracite ( Magerkoh leJ I 4- 1 9  
Coking coal ( FettkohleJ . . . . . . . . . . . . . . . . . . , I 1 9 - 28 
Gas coal (Gaskohle) . . . . . . . . . . . . . . . . . . . . . . 28-32 
Steam coal ( G asjlammkohleJ . . . . . . . . . . . . . . .  32- 45 

From its appearanee the  eoal has been divided in to bright eoal ,  
dull eoal and  m ineral ehareoa l .  

Owing to the h igh percentage of  volat i le matter the K ings Bay 
eoals h ave earl ier  been designated canne i  eoa l .  Can neI eoa l  i s ,  how
ever, eoal of  a dull appearanee with a un i form , dense eomposi t ion and 
conchoidal fraeture. Boghead eoa l  is a eoa l  eomposed o f  rounded bo d ies  
of  a bituminous substance in a m ore or  less  prominent groundmass. 

As Dr.  Gunnar H orn ( 1 928) has pointed out ,  the eoals fro m  Kings 
Bay are not  canneI eoal ,  even though they are ehem ieal ly very s imi lar  
to that eoal .  

For scient ific purposes severai elassifieat ions of  the eoa ls  have been 
attempted , but the defin ition of  the d ifferent eoal ingredients has been rather 
vague. Dr .  Marie Stopes is to be eredited with h aving in trodueed 
terms whieh can be exaetly defined (fusain ,  vitra in ,  elara in  and durain) . 
I nstead of these four ingredients, now usual ly three are reeogn ised and ,  
sl ightly modifying the terms of Stopes, cal led fusite ,  v i trite and  durite 
(R. Potonie 1 924) ,  whieh eorrespond to faser eoa l ,  bright eoal and dull  
eoal respeetively .  

Fusite is  mineral chareoal .  I t  i s  du l l  with woody s trueture and ,  
as a rule ,  plays an  i n ferior ro le  i n  the d ifferent eoa l  varieties. Vitrite 
is always very sh iny and consists of  earbonised wood with or without 
strueture, partly aiso o f  eol loidal humic substances.  Euvitrite is  the 
who l ly  struetureless vitr i te .  In provitri te the plant strueture is sti l l seen . 
Durite is th e dul l  substance of  the eoa l .  I t  is eom posed o f  a m ixture 
of vi trite, fusite, spores, pol len-gra ins ,  eutieles and resin in  a matrix 
of finely divided plant substanee , partly aiso collo idal  substanee. 

Between vitrite and du rite there is ,  as will be understood ,  every 
transi tion .  By continued earbonization (Jnkohlung) the duller durite 
may ehange in to vitrite, and there may be forrned a so-eal led meta-durite ,  
i n  which the duritieal origin is perceptible only by  the presenee of  fusite . 

The only elose mieroseopieal examinat ion which has been per
forrned on eoal from Spitsbergen , amongst which also was co al from 
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Kings Bay, was made by Dr .  H orn ( 1 928) i n  the winter of  1 927-28. 
The samples had been taken on  the coal field on  d ifferent occasions .  

Microscopical coal examinat ions are done on pol ish ed surface as  
we l l  as i n  th in  section . Further ,  the Mazeration method i s  used , 
by which the humic substance is d issolved ,  so that  resin ,  spores, 
cuticles and m ineral  ingredients remain .  These methods used along 
with the old methods of examination, of  which chemical analysis is  the 
most important, wi l l  g ive a resul t  as satisfactory as  can be obtained 
with our present facil it ies. 

I shal l  now give the results obtained by Horn with coal from 
Kings Bay .  

From analyses made  by Dr .  Gram i n  1 923 H orn has calculated 
the fol lowing average of coal from Kings Bay : 

Moisture . . . . . . . . . . . . . . . . .  . 
Ash . . . . . . . . . . . . . . . . . . . . .  . 
Coke . . . . . . . . . . . . . . . . . . . .  . 
Volat i le matter . . . . . . . . . . . .  . 

Sulphur . . . . . . . . . . . . . . . . .  . 
Gross calori fic value . . . . . .  . 
Net calor ific value . . . . . . . .  . 

The composit ion of pure coal 
C H O + N  

82.5 7 1 0. 5  

I n  pure coal 
1 .8 

1 2 .2 
57 .8 53 

40.4 47 (42-52) 

2 .5 
7 1 30 ca!. 8285 ca\ . 
6800 " 7943 " 
On 1 000 C the following quantity of H .  

Disposable Bound Total 
68.93 1 6.07 85.00 

Macroscopically the various Kings Bay coals are very s imi lar .  
They are throughout typically duritie coa ls .  The colour i s  b lack ,  partly 
du l l  and partly a l i t t le b right; and for the most part without d istinet 
laminat ion .  The fraeture is i rregular .  Almost al l  coals show a tectonical 
in fluence, a re strongly marked by cracks and fissures. In severaI places 
the coal shows folding and i s  slaty. 

The coking tests which have been made gave somewhat varying 
results .  Coal from the  Ester Seam gave melted , porous and rather  
hard coke, coa l  from the Sofie Seam gave a caked ,  somewhat  porous 
coke, coal from the Agnes-Otelie Seam gave more or  less sintered coke , 
whereas coa l  from the J osefine and the Ragnh i ld  seams gave black,  
sandy coke. 

To j udge from the coke the various coal qual i t ies thus belong to 
back, sinter, and sand coals from below and upwards. 

The coa ls  have black to b lackish brown streak,  and do  not colour 
a sol  uti on of  potassium hydroxide or d i luted n itric acid . For th is reason 
the coals from Kings Bay must be terrned ordinary co als. Owing to their 
b rittleness a l l  samples for making thin sections had to be boi led i n  paraffin .  

The E s  t e r  coal is  mostly durite with some  streaks of  vitrite, which 
i s  qui te structureless. Small spots of fusite are also present .  In the 
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durite smal l  sparks o f  pyrites and  epidermic fragments and resi nous 
bodies are found .  On  the smal l  cracks in  the coal there has  been de
posited calcite, which, owing to its dark colour ,  is  d ifficult to d istinguish 
from the coal macroscopical ly .  

The S o f i  e coal a lso shows a duritic composition .  Thin streaks and  
lenses of vitr i te are in terbedded i n  the  durite, which a l so  conta ins  some 
fusi te and  finely distr ibuted pyrites. The latter also occurs in  greater 
quantit ies. In thin section  a distinet l aminat ion i s  seen .  The ash content 
is  arranged in  streaks.  The du  ri te has a humitic appearance and contains 
smal l  streaks of  vitrite and fragments of  other components ,  especial ly 
epidermic fragments .  Some spore exines als o occur and also resinous 
bodies, partl y  with flow structure. H orn has pointed out that  these 
resinous bo dies are birefringent .  This is  also the case with some 
duritie streaks. 

Also i n  the coals from the Sofie Seam there has been found  an 
abundance o f  small cracks filled with calcite , especia l ly i n  the vitrite. 
In polished surfaces i t  i s  seen as a smooth , homogeneous mass o f  about 
the same  hardness as the coals ,  and  for this reason i t  is  d i fficult to 
observe d i rectly without using hydrochloric acid .  

The A g n  e s  - O t e l  i e coals macroscopical ly show an indistinct l am in
ation . Microscopical ly they prove to be dist inctly durit ic wi th same streaks 
and thin lenses of  vitrite, and also same lenses of fusite of  varying size .  
In the durite some megaspores a re seen and also severai smal l  bodies ,  
which may be considered to be partly spore exines and pol len , and 
part ly crushed epidermic fragments. Also res in is  present and  is  par
ticu larly easy of recognit ion i n  th in  sections .  On  the pol ished surface 
some curious,  spherical bo dies with severai tiny  ci rcu lar depressions 
a re seen .  They are supposed to be sclerotia (j effrey and Crysler 
1 906) . Such sc\erotia or  "Dauerzustiinde" are products of  trans
format ion of  the plasmodium of certa in  fungi (Myxomycetes) to survive 
d ry periods. This should point to a periodical drying up  of the swam ps 
in  question .  I n  the durite a ls o finely d istributed granu les of pyrites 
occur .  The coals can easi ly be mazerised . A considerable residue wil l  
rema in,  which mostly consists of epidermic fragments and partly of 
pol len .  The yel low epidermic fragments occur partly with and partly 
wi thou t  structure . In the residue also some waterclear and angular pieces 
of  quartz occur. 

The argi l laceous sandstone from the footwall of the Agnes-Otel ie 
Seam i s  traversed by th in ,  tubular coal streaks, often angular to the 
bedding .  They orig inate without doubt from roots ,  and  confirm that 
the coals o f  th is  seam are autochthonous.  

Also the  J o  s e f i  n e coals are dist inet ly durit ie .  The du r i te is  rather 
homogeneaus and vitrit ic . Very smal l  bodies of bitumen occur  in  the 
durit ic mass. Same of  them are doubtless of  resin ,  whereas the  ma j ority 
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part are so smal l  that i t  i s  impossible to state of what substance they 
are made up .  In these coa l s  the v itrite is less i n  evidence. I t  i s  seen 
in thin seetions as thin, homogeneous streaks of brown colour. Fusite 
i s  present as a characteristic constituent .  It occurs as  lenses and streaks 
with very fine cel lu lar  structure. Pyrites are presen t  i n  sma l l  quantit ies . 
The coals are crushed ,  and on the eracks calcite has been deposited .  

One of  the samples from the Josefine mine  d iffered widely from 
the others. I t  was  eoal with a massive and  homogeneous structure and 
a greyish-black eolour .  I t  showed a strong tecton ical influence and 
bore a eerta i n  resemblance to pseudo-eannel  coal , but was too eoarse
grained to be term ed as such . An analysis of  th is  eoal made  by 
D r. H orn gave the fol lowing resu1t : 

Moisture . . . . . . . . . . . . . . . . . 2 .6 

Ash ( l ight grey) . . . . . . . . . . .  1 5 .00 

In pure coal 

Coke . . . . . . . . . . . . . . . . . . . .  8 1 .4 80.06 
Volat i le matter . . . . . . . . . . .  1 6 .0 1 9 .4 

The coke was black and pulvureous. This  coal m ust be terrned 
semi-anthracite . This sample thus shows a more extensive earbonization 
than the other  eoal s .  J f  the sample rea l ly i s  from Kings Bay, i t  may 
be connected with the teetonical eondit ions .  

The R a  g n h i I d eoals also consist o f  a durite o f  the com mon variety 
with hum itie matrix in which epidermic fragments and some larger 
bodies of  resin are found un i formly d istributed. Streaks and lenses of 
vitrite are only seanti ly present ;  this i s  also the case with the pyrites .  

Horn summarizes the result of  h is  examinat ions in  the fol lowing  
description : 

The coals from Kings Bay are duritie throughout. The durite 
consists of a matrix (Attritus) , which i s  apparently of  hum itie nature 
and  i s  m ixed with m any eutineous epidermie fragments.  Spore exines 
on ly oceur scattered .  Subordinately a lso streaks of vitrite a re found ,  
these near ly a lways be ing structureless. Also fusite is  present  i n  smal l  
quantit ies .  The l atter often has a weU preserved structure and seems 
to p lay a greater ro le i n  some of the co al  seams (Josefine) .  Yet  a con
s iderably greater materia l  has to be examined before i t  can be deeided 
whether the seams  d iffer essent ia l ly i n  th is respeet .  In nearly a l l  the 
coals pyrites i s  fair ly abundant. I t  is  found eharacteristical ly as sparks 
or spherical i nerustations in  durite . 

The eoals from Kings Bay are both macroscopical ly and m icro
scopically very s imi lar to the German gasflame eoal ; but the spore 
exines ,  which are a feature of these eoals, are m issing in the Kings 
Bay coals .  

The coa l from Kings Bay i s  cha racterised by a very high 
eontent of hydrogen ,  whieh cannot be expla ined merely by the 
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vi si ble bitumen bodies ,  because these are not  present i n  suffici ent 
quantities to form the hydrogen .  By low-temperature d isti l lat ion the coals 
from Kings Bay yield 1 5-20 per cent. of  crude oi l .  I t  must be supposed 
that also the o i l-forming substances are d istri buted i n  the duritic matrix, 
but so finely that they cannot be identified .  The whole i s  seen in  the 
microscope as a dark brown m ass. The vitr i te is probably forrned in  
the main of  col lo ida l ,  humic deposit ions, but also wood and cel lu lar 
t issue have certa in ly been the in it ial material i n  its formation .  As to 
the fusite i t  is  the general opin ion that i t  has been forrned by a quick 
oxidation of wood, which may have been caused by a conflagration .  

Of the mineral constituents the  calcite is  particu larly characteristic . 
Owing to its dark colou r it is very d ifficult to recognise macroscopic
al ly ,  but m icroscopica l ly it i s  very much in  evidence. Rødland ( 1 924) 
found that 1 5  per cent. of  the ash consisted of  CaO.  The greater part 
o f  this l ime percentage must be present as carbonate. The remain ing 
part of the ash must have about the same constitution as waterless 
kaol in .  1 5  per cent . CaO is  equivalent to 1 1 .7 per cent. CO2 •  The 
mineral content in  the coa ls is  thus greater than the ash percen tage 
ind icates .  About one-fourth of the minera l  content is  calcite ,  and the 
coa ls  themselves conta in about four per cent .  of  th is .  By combustion 
the calcite is  decomposed by the absorption of  heat ,  wh ich wil l  i n  turn 
reduce the calorific value of  the coals .  

The calcite has been deposited from calcareous water ,  which has 
ci rculated on the thin cracks and fissures in  the coals .  The l ime con
tent originates from the U pper Carboniferous l imestones ofZeppel infj e l let. 

In 1 9 1 8  Dr. j. Gram observed that coal from Kings Bay yielded 
a considerable quantity of  crude oi l  by low-temperature d ist i l lation .  To 
obta in the crude o i l ,  experiments were carried out on a semi-techn ical 
scale. This work was done partly in Germany and parti y at Greaker 
Cellulosefabrik on an industrial scale  with a Pintsch generator plant ,  
which was original ly purchased to be put up at  Sydvaranger. In the 
meantime the work at the la tter concern was stopped , and part o f  the 
plant was erected a t  Greaker Cel lu losefabrik in  connection with the 
steam engine plant .  

In the period 1 925-27 a total of 400 tons of  crude oi l  was pro
duced. The experiment  d id not give the resI I l t  an ticipated. This was 
part ly due to the fact that the coals del ivered from the mines varied 
considerably i n  qual ity. 

In March 1 925 an exact experiment  last ing four days was under
taken .  This  confirmed that crude oi l  dist i l lat ion in  a Pin tsch generator 
ought to give satisfactory economic results if the coke could be used 
to heat the boi lers .  

I t has  also been investigated whether, by hydration, i .  e .  technical 
production of  hydrocarbon compounds of  coal and hydrogen, the coal 
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A verage of cargoes, chiefly containing Ester and Sofie coal, showing 
the quality of exported coal from the main seams. 

Cargoes 

Moisture . . . . . . . . . . . . . . . . . . I Ash . . . . . . . . . . . . . . . . . . . . .  . 
Coal substance . . . . . . . . . . .  . 
Coke . . . . . . . . . . . . . . . . . . . .  . 
Volat i le matter . . . . . . . . . . . .  . 
Gross calori fi c value . . . . . .  . 
Net ealor ific value . . . . . . . .  . 

I n  pure coal : 
Coke . . . . . . . . . . . . . . . . . . . .  . 
Volat i le matter . . . . . . . . . . . .  . 
Gross calori fie value . . . . . .  . 
Net calori fie value . . . . . . . .  . 

Analyst 

Average of Average of 
Average 1 5  eargoes 1 926 15 eargoes 1 929 Average 
of 27 �----��-----I-----��----- I of 27 
eargoes Coal Air Coal I Ai r eargoes 

1 924 1 as de- dried as de- dried 1 929 

3.24 
1 6 .6 1  
80. 1 5  
58 . 3 1  
38.45 
6532 I 6328 

52.03 
47.97 
8 1 50 
7895 

l ivered eoal l ivered eoal 

5.00 
1 7 .86 
77. 1 4  
59 .55 
35.45 
6377 
6096 

54.0 1 
45.99 
8260 

1 .25 
1 8 .59 
80. 1 6  
6 1 .92 
36.83 
6625 
6367 

54.03 
45 97 
8268 

5.69 
20. 3 1  
74 .00 
6 1 . 1 6  
33. 1 5  
6252 
5993 

55.20 
44.80 
8470 

1 . 1 8  
2 1 .30 
77 .52 
64.08 
34.74 
6550 
6303 

55.23 
44.77 
8448 

4 .87 
1 8 .26 
76.87 

6285 
6000 

8 1 69 
7845 

would be economically advantageous, but the result was that this method o f  
ut i l is ing Svalbard coal could no t  be recom mended at present. The  older 
method of  low-temperature d ist i l lat ion was found to be the most su i table .  

In 1 927 a committee consisting o f  the fol lowing members was  ap
po inted : B .  Stuevold-Hansen , Dr. Johan Gram ,  A .  Scott-Hansen , Hj. Batt ,  
Jens Gram ,  and  Karl Schønning as techn ical consult ing member .  Scott
Hansen acted as chairman .  This  committee was to determine in what 
way the Kings Bay coal s  could best be ut i l ised .  The report o f  the 
committee was publ ished on  Apri l  24,  1 928. The crude o i l ,  o f  which 
about 1 80 ki logrammes could be produced per ton of coa l ,  was found 
to be most suitable for the impregnat ion of  wood.  According to the 
investigations of Dr .  J .  Gram ,  its physical and chemical quality made i t  
especia l ly suitable for th is  purpose. Before us ing i t  the benz ine would 
have to be  d isti l led from the crude o i l .  Al l  the im pregnation crude oi l  
produced at Greaker was us ed by the State Rai lways for the preservation 
of  rai lway sleepers. 

The coke produced by disti l lat ion amounted to about 65 per cent. 
of  the coal used. As the coal from Kings Bay alone gave a porous, 

l 24 cargoes 1 924 eonta ined , accord ing to analyses by Sherdahl, an average of 1 2.45 
per cent . of ash . 
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A verage analyses of the various eaa l seams. 

Analyses number I 

Seam 

Moisture . . . . . . . . . . . . . . .  
Ash . . . . . . . . . . . . . . . . . . .  
Coal substanee . . . . . . . . .  
Sulphur . . . . . . . . . . . . . . . .  
Coke . . . . . . . . . . . . . . . . . .  
Volat i le matter . . . . . . . . . .  
Gross ealori fie value . . . .  
Net ealori fie value . . . . . .  
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Water . . . . . . . . .  
Gas . . . . . . . . . . .  
C rude o i l . . . . . .  
Semi -eoke . . . . . 

In pure eoal : 
Sulphur . . . . . . . . . . . . . . . .  
Coke . . . . . . . . . . . . . . . . . .  
Volat i l e matter . . . . . . . . . . 
Gross ealori fi e value . . . . 
Net ealori fi e value . . . . . .  
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Water . . . . . . . . .  
Gas . . . . . . . . . . .  
Crude o i l . . . . . .  
Semi -eoke o ·  • • •  

1 9 1 0  1 1 3 - 5 1 1 - 8 1 1 2 -� 3-5 1 2, 3,  1 1 - 4 and 
" l V I 5 - 1 0  7 - 1 0  
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3.55 2.37 1 .74  1 .77 1 . 1 0  1 .49 1 .58 
7 .97 4.99 1 0 .93 1 4 .53 1 4 .73 1 4.89 1 0.49  

88.48 92 64 87 .33 83.70 84. 1 7  83 .62 87.93 
2.79 0.92 1 .38 4 .02 4 .69 2.58 2.73 

59.52 56.38 56 .90 58 22 58. 1 1 57 . 9 1  58.05 
36 93 4 1 .25 4 1 .36 40. 0 1  40.79 40 60 40.37 
7058 1 7529 1 7273 6954 7 1 3 1  1 6930 729 1 
6750 72 1 4  6980 6672 68 1 6  6650 6998 

8 .2 6 .7  7 .7  1 4.3 } 6 .2  6 .5 -
8.6 7 .5 9 . 0  1 9.5 2 8.3 8 .2 

- 1 7 . 1  1 9.4  1 6.6  22.7 1 8. 1  1 7 .5 
- 66. 1 66. 4 66. 7  63.5 67 .4  67 .8  

1 
3. 1 5  0.99 1 .58 4 .80 5.57 3.08 3. 1 0  

58.35 55.48 52.45 52.45 5 1 .54 5 1 . 1 4  54.04 
4 1 .65 44.52 47 55 47.55 48 . 46 48.86 45.96 
7975 8 1 23 8328 1 8307 847 1  8294 1 829 1 
765 1 7799 8005 7983 8 1 02 7972 7960 

- 6.3 5 .9 7 .0  - 5.6 5 .6 
- 9.3 8 .6  1 0.8  - 9.9 9 .3 
- 1 8 .4  22. 1 1 9.8  - 2 1 .9 20.0 
- 66.0 63.4 62.4 - 62.6 65. 1  

s intered coke, the committee concluded tha t  i t  would have t o  b e  m ixed 
with other coals to give a firm coke. I t was supposed that  an add i tion 
of  27.5 per cent .  of  coal from Store Norske Spitsbergen Kulkompani 's 
m ine  at Advent Bay would be suitable for the  purpose. Th is  has ,  
however, not yet been more close ly tr ied out .  

Apart from the plant in Sydvaranger,  there was no steam-engine 
plant big enough to use a l l  the  coke, and a fter accurate ca lculat ions 
the com mittee came to th e result  that  a dist i l lat ion plant should be 
erected in southern Norway and built with a capacity of  1 80 000 tons 
a year. Of th i s  quanti ty ,  50 000 tons should be taken from Advent 
Bay and 1 30 000 tons c 1eaned coa l  from Kings Bay, the  l a t ter 
correspond ing  to 1 60 000 tons of  raw coal .  This p lant  would need a 
capital of s ix mi l l ion Kroner in  N orway and one mi l l ion  Kroner for 

I The numbers are found in the analysis tab les i n  the ehapters deal ing with the 
d ifferent seams . 

2 Average of ana lyses Nos . I ,  2, 6 ,  7 ,  8 .  
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the  improvement of  the works in  Spitsbergen .  I t  was supposed that 
by ereeting sueh a plant the company would be ab le to pay interest 
on  7 500 000 Kroner of  the old debt. 

In the meant ime the eommittee found that before ereeti ng these 
works, i t  would have to be  proved by dri l l ing on the eoal field that 
there was eoal enough to repay the capita l  i nvested . Further the inten
t ion was to m ake experiments on an i ndustrial seale with m ixed co als .  

Fig . 45. Goal from Josefine Mine . 
S m a l l  vei ns  oF  calc i te (black) i n  durit ic coal. I n  the m i d d  le  Fus i te .  X 5 5 .  P h o t .  H o r n  1 928. 

(From H orn ( 1 928) , Tare!  V ,  Abt.  5) . 

The investigat ion of  the eoal field i n  the summer of 1 928 showed 
that the proved quantity of  workable coal was less than was n ecessary 
for such a big plant .  When m in ing  was stopped i n  the autumn o f  1 929 
owing to various d i fficult ies in the exist ing Ester Mine ,  which made i t  
im possible to eont inue on a profit-earning basis wi th the  low priees 
than exist ing, further  work in connect ion with the d ist i l lat ion p lant  
was suspended . 

As to the qual i ty of the  Kings Bay coal as heat ing coal for steam
sh ip boi lers ,  various tests have been earried out on board severai 
steamers. In 1 926 sueh experiments revealed that K ings Bay eoal 
equalled Engl i sh  eoal for steam-ra is ing purposes. The priee had to be 
fixed according to the qual ity. The best  resuIts were obta ined by smal l  
and frequent ,  feeds of fuel and the  use of  a seeondary, adj ustable' a i r  
supply ,  as otherwise par t  of  the eombustible gases was los t .  The  con ten t  
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of ash and slag proved to be very h igh , mostly between 20 and 30 
per cent . ,  and for smal Is  up to 38 per cent . 

Based on heating results secured i n  1 929 on an average of  cargoes 
in  that year ,  the value of  Kings Bay coal ( Ester and Sofie) was fixed 
for sa le to var ious steamship companies in  t he  fol lowing way : Møre 
Fylke Ruteselskap 80 per cent .  of Engl ish coal (DeB and West Hartley) , 
Det Bergenske Dampskibsselskab 83 per cent .  of Engl ish coal (H astings) ,  
and Det Nordenfjeldske Dampskibsselskab 84 per cent .  o f  Engl ish coal 
(H astings) . Further reduction owing to great content of ash was fixed 
by the N orwegian Steam boi ler Associat ion at fou r  per cent . , whereas 
steamship companies insisted on 1 0  per cent. 

As to the analyses made of  coal from the various seams I refer  
to the  tables included i n  the chapters deal ing with the various seams .  

As wi l l  be seen , there are not  
i ncluded any analyses of  coa l  ex
ported from the Ester and Sofie 
Sea ms.  The reason is  that  the 
coa l  exported in  the la ter  years 
consisted of  a m ixture of coal 
from these two seams  and partly 
also from the Otel ie  Seam , and 

Fig . 46. Diagram showing the earbonization the analyses do  not thus give 
of d ifferent eoal seams. 

any result from any one seam . 
I n  the table on  page 1 53 I h ave 

included some averages of  export�, and these averages are of  the 
greatest in terest i n  so far as they show the q uality of  the coal exported 
from the ma in  seams of the coal fie ld .  And as in future m in ing opera
tions these seams would supply the bulk of  the coal, future exports 
wi l l  scarcely d iffer very m uch from the co al del ivered in the last few 
years of min ing at K ings Bay. As wil l  be seen ,  the ash con ten t  i n  
these analyses, wh ich  have been made by the  purchaser ,  is  consider
ably higher then in the analyses made by the company.  O f  course this 
is  to some ex ten t  a matter of  sampling.  Sam ples including a h igh per
centage of  smalls wil l  give much ash , and large alone wi l l  give a low 
ash content , as do  the mine sam ples. 

From the figures below i t  wil l  be seen that th e ash was to be 
found  chiefly in  the smalls. In 1 923 a detailed examinat ion was made 
by Dr. Gram of  95 k i logrammes of  coa l  from the Josefine  Mine. The 
coa l  was separated i nto d ifferent s izes  giving the fol lowing ash content : 
Size i n eent imetres . . . . . . . . . . . . . . . .  0-0.24 
Pereentage of total eoal weight . . . . . .  28.6 

Pereentage of ash . . . . . . . . . . . . . . . . . . 26. 1 7  

0.24-2.5 
3 1 .9 
1 6 .0 

2.5- 8.0 
2 1 .6 
1 3 .68 

above 8.0 
1 7. 9  
9.95 

In 1 925 coal from the Sofie Mine was screened in to smalls below 1 /2 " 
and large above that size. About 25 per cent .  of the Sofie coal went th rough 



GEOLOGY OF T H E  K I N GS B A Y  R E GI O N ,  S P I T S B E R G E N  1 57 

the  sereen and a somewhat h igher per
centage of  the Ester coa ! .  Large from 
Sofie Seam conta ined 1 1 - 1 2  pe r  cent. o f  
ash , and  smalls 28-29 per  cent .  I n  
J an uary,  Fe brua ry ,  and  March 1 925 the 
average ash content of coal  from the Ester 
Seam was : In large 9.84 per cent .  and in 
smalls 2 1 .98 per cent .  In J anuary and 
February 1 929 the average of  ash in  Sofie 
coal was 7 .00 per cent .  i n  large, and 30.4 
per cent i n  smalls ; and i n  Ester coal large 
gave 8.4 per cent .  ash and smalls 24. 1 per 
cent. As wil l  be seen, the smalls conta ined 
from th ree to four t imes as m uch as the large. 

I f  the export analyses are compared 
with the average analyses of the various 
seams in the table page 1 54 ,  i t  wil l  be seen 
that there is  quite a great d ifferenee be
tween the  ash con tent i n  these analyses. 
I n the latter table I have tried to find  
the real averages of t he  various seams  
by calculating the average from the  m ost 
rel iable samples .  These analyses repre
sent the average of the d ifferent seams  
exeluding th icker partings o f  stone ,  which 
h ave not  been included i n  the samples, 
and which i n  any case ought to be  sep
a rated from the eoa! .  

The h igh ash content of  the Kings 
Bay eoal gave them a rather bad reputa
t ion as steam coa! .  This h igh ash con tent 
eould certa in ly have been reduced by a 
good separation of the smalls. During the 
working of the m ines only the large 
p ieces of stone were removed by hand .  
The clean ing of  the  smalls would require 
a large cleaning plant ,  which would of  
coarse i ncrease the cost  of  production .  
As i t  i s  a fact that  the ash content  i n  the 
K ings Bay coa ls  i s  real ly high ,  i t  cannot  
of  course be  reduced below a eerta in  
l imi t ,  bu t  I should th ink  tha t  the max imum 
of ash  i n  the exported eoal ough t not to  
exeeed 1 5  per cent. 
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As wi l l  be seen ,  th ere is  l ess  ash in  the upper  seams than in  the 
lower, but these seams are of  but min or  im portance owing to the smal l  
quantity of  coal  they conta in .  

I n  fig .  46 I have drawn up a diagram from these average analyses, 
ca lculated on ashfree but not  waterfree coal to see whether any con
clusion can be a rrived at as to the  degree of  carbonization .  The ana 
lyses are m ade mostly on mine sam ples giving an  a lmost correct per
centage of  moisture, with the exception of  the analyses from the Ragnh i ld  
and KB2 seams ,  the samples o f  wh ich were taken at  the surface on 
weathered coa ! .  The moisture in  these analyses is  thus  too h igh .  

With the exception of  the Ester Seam it  wi l l  be seen tha t  
carbonization is  more advanced from below and upwards. Th is  fact may 
perhaps be explained by the upper seams being situated closer to the 
th rust p lane .  They may thus have lost more of the gases owing to the 
tectonical pressure.  As  pointed out ,  a lso the Ester Seam has been 
subj ect to such d isturbances and possib ly the more advanced carboniza
t ion of th is  seam may be due to th is fact. The d ifferences in  volat i le 
matter are ,  however, so sm all that  they may also be expla ined by an 
original d i fference of  the  coal-forming materia l .  

In  fig .  47 I have drawn up the percentage of  volat i le matter and 
crude oi l  for a series of  analyses, and wi th  l ines I have combined the 
average of  these analyses. Al l  analyses have been calculated on pure 
coa! .  In this schern e I have used more analyses than in  the calculat ion 
of  the averages in  the ta ble on p .  1 54. For th is  reason the results 
d iffer  somewhat .  As wiIl be seen the con ten t  of volatile matter and 
crude oi l  is  especial ly h igh in  coa l  from the Advokat Seam and low 
in  the uppermost seams .  

Quantity of CoaJ. 

I n  the chapters deal ing with the various coal seams tables are 
included showing the coal area ,  thickness, and quantity in the d ifferent 
areas. I regret to say that the figures given in  these tables, i n  spite 
of the exploring work done and the greatest care taken in  the calcu la
t ion , may d iffer considerably from the really exist ing quantit ies of coa! .  
The reason i s  to be found in  the except ional ly great irregularit ies in  
the coal seams ,  i rregularities wh ich are partly due to the original deposition ,  
but perhaps stil l more so to the tectonical disturbances. I n  fact these 
i rregularities are so great and distributed al l  over the field, that an accu
rate knowledge of  the seams  could be obta ined on ly  by an investigation 
which would requ ire an i nordinate amount  of  work and expense .  Th is  
work had to be reduced to what  was absolutely necessary for a satis
factory calculation to be made. I should think that the errors made 
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are wi th in reasonable l im i ts .  The greatest d ifficulty is ,  however, to nx  
t he  workable part of  the total quantity of  eoa l .  Th i s  i s ,  o f  eourse, a lso 
a matter of  market priees and wages. In the tables l have ealeulated 
with th ieknesses down to 0.6 metres for the  whole quantity, but of 
eourse a l l  th is eoal i s  not workable at p resent. 

In the  table below I h ave included the totals o f  the tables for the 
d ifferent seams .  

Area i n  sq. I Total of eoal Workable eoal 
ki lometres in mi l l .  tons in mil l . tons Seam 

Ragnhi ld Seam . . . . . . . . . . . . . . . . . . . .  . 0.78 0.69 ? 
Josefine Seam . . . . . . . . . . . . . . . . . . . .  . 1 . 1 2  1 .48 ? 
Ote l i e Seam . . . . . . . . . . . . . . . . . . . . . . .  . 2.38 2.56 0.73 
Advokat Seam . . . . . . . . . . . . . . . . . . . . .  . 0 .7 1 0.95 ? 
Sofie Seam . . . . . . . . . . . . . . . . . . . . . . . .  . 3.35 4 .00 1 .85 
Ester Seam . . . . . . . . . . . . . . . . . . . . . . .  . 4 .09 6.52 4 .00 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 .73 1 6.20 6.58 

The total of  the eoal areas of  the various seam s  i s  thus about 1 1 . 7  
sq .  k i lometres, t he  total quantity of  eoal about 16  m i l l .  tons ,  of  whieh 
about 6.5 mil l .  ton s i s  probably workable .  This figure does not  inc lude 
the remaining eoal  i n  the Ester Seam i n  østre Centerfelt ,  because this 
coal must perhaps be regarded as l ost a fter the  mine has been closed 
down and n l led with water .  I t  is  a t  present i mpossible to determine 
the amount of  eoa l  workable on the upper  seams and a l so  on the l ower  
seams i n  the western part o f  the  neid , and i t  is  l i ke ly  tha t  the real ly 
workable co al  wil l  exeeed the above ngure. 

. 

Genesis of Coal Seams. 

As we have seen from  the descript ion of the various coal seam s 
a l l  the coals i n  the Kings Bay deposits are of about  the same type, 
namely bi tum inous eoal very rieh i n  gas ,  which ean more aecurately be 
terrned gasflame eoal . 

Al l  the seams must have been forrned under approx imately the 
same eondi t ions ,  and al l  of  them must be regarded as autoehthonous . 
The vegetat ion shows us that there must  h ave existed ex ten sive moors 
and  swamps, whieh aeeord ing to Nordenski6ld have grown in  a temperate 
e l imate with an  average temperature of  about nve degrees. The presenee 
of  Equ isetum arcticum with roots and suekers as well as the existence 
of roots in  the foo t  wal l  of the eoal seams show that the trees and 
plants have grown on the spot. 

The i rregular layers of  shale and sandstone whieh oeeur in  the  
seams  ind ieate tha t  the land at  d ifferent periods, and rather frequent ly ,  
h as been flooded or submerged , so that clay, sand and gravel have been 

1 I 
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washed over  the vegetat ion . The great num ber of  stone bands wedging 
out a t  short  d istanees show dist inet ly tha t  most of  these overflows h ave 
been of a laea l  nature and have only extended over l im i ted areas .  
This has ,  however, not  been the case i n  the lee Fjord, Be l l  Sound 
distriet, where sueh stone bands are faund  over great areas. 

I n  the J osefi ne Mine I observed some pebbles of  sandy shale in ter
bedded in the eoal seam .  This faet tel ls  us tha t  during the t ime o f  
vegetation there mus t  have  ex isted rivers or  shores with pebbles i n  
t he  neighbourhood and t hu s  con fi rm the  laeal nature of  the moors. 

In older Terti ary t ime  there m ust have existed a great lake a t  
Kings Bay ,  whieh with in the  now remain ing eoal a rea m ust have had  
i ts greatest depth towards the  east .  Th i s  l ake has been fi l l ed  in with 
c lay and pebbles of el aystone and ehert fro m  d ifferent streams de
bouehing into the  lake .  Afterwards the  whole area has been eovered 
by a moor now forming the Ester Seam .  Then i t  has been overflown 
by freshwater ,  or  perhaps braekish water ,  i n  whieh an abundanee of 
s i l ieeous  algæ has l ived in  the fi rst period of sed imentation . Clay and 
sand .  representing the  sequenee between the Ester and Sofie Seams, 
has been gradua l ly  deposited with some break in  deposit ion . 

The next period of  vegetation must  have been eoneentrated in  the 
middle part  o f  the depression,  or  more easterly . This  has been 
st i l l  more the case with the th ird great period of  vegetat ion , representing 
the Advokat Seam .  The western part of  the swamp had then a lready 
been la id dry, so that  no eoal seam has been forrned here. To the east ,  
however, the vegetation in  th is  period has been very rieh , but i t  has 
of  ten been broken by overflows from south or  east .  At last the whole 
area has been eovered with gravel and sand, and the barren seetion 
between the Advokat horizon up to the Agnes-Ote l ie  Seam has been 
formed. 

The latter seam as well as  the overlying eoal seams h ave been 
forrned in  a similar way. 

From the eonglomerates below and above the Agnes-Otel ie horizon 
i t  is  seen tha t  there m ust at  this t ime h ave been rather broken ground 
with strong eurrents .  

As a l  ready pointed out ,  no marine mussels have been found in 
the sequenee a t  Kings Bay, but ,  on the other hand, a very rieh vege
tat ion has been found in some of  the layers forming the hanging wall 
of the eoal seams ,  sueh as  i s  the case with the hanging wal l  o f  the 
J osefine Seam .  This p la in ly shows us that these layers h ave been de
posited in  freshwater basins .  There thus exists qui te a gre a t  d ifferenee 
between the forming of  the eoal seams a t  Kings Bay and in  the lee 
Fj ord d istriet. I n  the l atter distriet the eoal seams extend over great 
a reas with tolerably un i form thiekness, and the marine trangression 
dist inetly reveals that  the vegetat ion here must  have grown near the 
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shore. The i rregular th iekness and extent of the eoal seams  at Kings 
Bay ,  as well as the great num ber of  loeal stone bands ,  are explained 
by the loeal nature of their formation. The teetonical d isturbanees have 
later on aeeentuated these d ifferenees. 

The eoal at Kings Bay and the eoals i n  the l ee Fj ord distriet have 
been formed in  approximately the same way and of  the same in it ial 
materia l ,  and i t  i s  therefore quite aston ish ing that the Kings Bay eoals 
eonta in far more gases owing to a less advaneed earbonization. What 
can the reason be?  This q uestion is rea l ly d i ffieult to answer. 

Owing to the teeton ieal disturbanees ,  one would indeed expeet to 
find eonditions j ust the opposite of  these, namely ,  that the proeess of 
earbonization would have been more advaneed at Kings Bay. Of  eourse, 
the h igh con tent of  hydrogen and volat i le matter m ight be due to a 
d ifferenee i n  the in it ia l  m ateria l ,  but the reason m ay perhaps a lso be 
that ,  in  the midd le and southern parts of Spitsbergen ,  there has been 
deposited a greater sequenee above the eoal horizon, and that the more 
advaneed earbonization here is due to a greater pressure in  a long 
per iod .  There is  thus some reason to bel ieve that the land surface , a lso 
after the old Tertiary period ,  has been less emerged i n  the northern 
than i n  the southern part of Spitsbergen .  

History of Coat Mining. 

The eoa l oeeurrenee at Kings Bay was discovered on J uly 1 9, 
1 6 1 0  by some English whalers on a boating exeursion to the in terior 
o f  the fj ord . The ship ,  whieh was under the com m and of  the well
known whaler J onas Poole. then rode at anchor in  Cross Bay .  H e  
writes about this ineident [Purehas ,  1 625,  Vol. 1 4, p .  1 9] :  "and in Deere
sound they found Sea-eoales ,  whieh burnt verry wel l" .  This i s  the very 
fi rst aeeount  of the finding of eoal in  Spitsbergen .  The eoal was eerta in ly 
found as loose pieces seattered on the r iver  p la ins .  From l a ter  aeeoun ts 
we know that sueh eoal pieees were found in severai spots on the  
eoa l  fie ld .  

From the aeeount of Seoresby ( 1 820) i t  is  seen tllat  the eoa l  was 
not forgotten. The whalers pieked up eoal here and used i t  on  their 
way home.  He writes about this (Vol .  I ,  p .  1 49) : "Though Spitzbergen 
is probably rieh in m inerals ,  yet the examination of  i t  has been so 
partia l ,  and indeed trifling, that  noth ing of  any value, exeepting marble 
and eoal ,  has yet been met  with . The former is  found in  som e  parts 
of Kings bay of  real beauty ; and the l atter ,  of a tolerable qual i ty ,  near 
the same plaee .  The eoa l  i s  so eas i ly  procured, that  m any of the Dutch 
fishers ,  a few years ago, were in the habit of laying in a stoek of th is  
usefu l  artiele, for fueJ ,  on the passage h omeward ."  



1 62 A N D E R S  K .  O R V I N  

Fries and N ystrom ( 1 869) relate tha t  the Swedish expedit ion in  
1 868 worked out eoal from a sma l l  seam and brought 70  eub i e  feet o f  
eoal on  board the  Sofia for steam rais ing .  Th is  is  eerta in ly  the fi rst 
time these eoals have been used for heat ing a sh ip's bo iler. Coal has 
probably been m ined on the seam found by Blomstrand in 1 86 1  in  the 
eastern part  of  the fie ld , probably the  Ester  Seam ,  for th is  seam has 
been observed here in  later years. 

Lamont ( 1 876) also relates that in  1 869 he  picked up 1 20 bag-fuls 
of  eoal  on  the gravel  eone north of  Anneksjonshytta i n  the easternmost 
part of the  fie ld .  He also found  the eoal seam in situ by following  
t h e  brook upwards. 

In 1 90 l the land south of Kings Bay was oeeupied by a jo in t  
concern from Bergen on the in i tiat ive of  Sk ipper B.  Pedersen .  He 
undertook an expedit ion to Spitsbergen in  1 90 l with the M/ K Colibri 
of Tromsø and bui l t  a smal l  house on the eoal fie ld .  Claim-boards were 
ereeted with the fol lowing inseription : "Aktieselskapet Bergen 22/7 1 90 1 . 
B .  Pedersen" .  The company did not undertake any  work later on .  On 
j uly 22 ,  1 922 these rights were  transferred to Kings Bay Kul Comp. A /S. 

The Northern Exploration Co. , Ltd . ,  London ela imed to have oeeu
pied the eoal field in 1 905 or 1 906 . 

I n  1 906 the land on the south s ide of the fjord was cla imed by 
the Earl of Morton and Lord Balfour o f  Burleigh . 

Chr .  Anker,  Fredrikshald ,  who had taken interest i n  the eoal 
deposits of Spitsbergen ,  forrned a jo int eoneern for eoal exploration in 
Spi tsbergen and sent out exped it ions to Kings Bay every su mmer  from 
1 909 to 1 9 1 5 . These expedit ions did exploratory work and maintained 
the  r ights of the eoneern .  

I n  1 909 an expedit ion was sent out wi th SIS Evviva under the Ieader
sh ip of F. Nannestad , who on lune  23 e la imed the co al field for the j oin t  
eoneern . Besides the  eoa l  fie ld ,  he c 1 a imed an area  around Kings  Bay five 
ki lometres in land from the shore. The cla im was m ade on j une 23-25 
by the setting up of  cla im-boards, and was not ified to the Min istry of Foreign 
Affairs on j uly 26 and 28, 1 909. Four men worked on the field for a week. 

I n  1 9 1 0  an  expedit ion was despatehed under the leadersh ip  of  
S .  Smith . At  Agnes Mine an  adit  was worked by six men from july 
1 9  to 25. A house was bui l t .  

In 1 9 1 1 Karl Bay was the leader of an  expedit ion to Kings 
Bay with M/K Sletvold. The Germ an m ining d i reetor, Otto Wex, took 
part i n  the expedit ion as eoal special ist .  From August 5 to 26 four  
men and a foreman worked at  Agnes M ine ,  Godthåp,  and  a plaee eal led 
Cutting B on the Advokat Seam , which was found that year .  On 
August 5 the ela im was extended so as to inelude the whole Brøgger
ha lvøya. The extension of the cla im was not ified to the Min istry 
of  Foreign Affa irs on November 3, 1 9 1 1 .  
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Karl Bay was also the leader of  the expedit ion in  1 9 1 2  with 
M/K Onsø. In that year three men worked from August 4 to 25.  A 
house was bui l t ,  and the eoal seams  at K B I  and K B I I  were uneovered. 

In 1 9 1 3  Bay used the same boat and eontinued work for six weeks 
with one foreman and four  men. He made a map of the eoal field on 
the seale I :  1 0 000. The work on Agnes Mine ,  KBI  and K B I I  was  eontinued.  

The eoal seams  at Kolhaugen , K B4, and at Skjerva,  K B3 .  were 
found that year. The German geologist and min ing engineer, Dr .  F .  W. 
Voit ,  undertook an  examination of  the eoal field in  that  year .  

Fig .  48 .  Cla im hut  at Lovenbre N o .  I .  
A .  K .  Orv in  pho t .  25 1 8  1 922. 

In 1 9 1 4  Bay and four men visite d the eoal fie ld from ju ly 29 to 
3 1 .  Adol f H oe l  undertook a prel im inary examination and geologieal 
mapping of the field .  As his topographieal  base he  used the map surveyed 
by Bay in  1 9 1 3 . 

I n  1 9 1 5  Kings Bay was visited by Bay, the Russian m ining engineer 
Mal iavkin ,  and  H enrik Lund , a Norwegian engineer. The work was 
earried on three or  four days in the beginning of August .  The M/K 
Onsø was used also in 1 9 1 4  and 1 9 1 5 . 

On May 25, 1 9 1 6  the  cla im was offered for sa le by Anker to Peter 
S .  Brandal ,  sh ipowner, of Brandal ,  Ålesund.  In that year Brandal went to 
Kings Bay with an expedit ion consisting of two vessels and 60 men in a l l .  
They worked for six weeks from july  2 1 ,  and about 300 tons o f  eoal 
were worked out of Agnes Mine. About 250 tons were exported .  Also 
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Godthåp was  re-opened , and  the eoa l  sea m here showed a th iekness of 
1 .3 metres . The eoal  from Agnes was transported down to the shore 
by a provis ional  aerial rope-way. When Brandal arrived he found three 
houses on the eoal field .  

The property was transferred to Brandal by contracts of  Sept. 23 
and  30, 1 9 1 6. These contracts given to Brandal were at fi rst transferred 
to a joint concern , the members of whieh were : Peter S .  Branda l ,  Trygve 
Klausen, M .  Knudsen and Trygve jervel l .  In December of the same  year 
these gent lemen tranferred the rights to the Kings Bay Kul Camp. A /S, 
Ålesu nd ,  for an amount  of  2S0 000 Kroner .  

The four  above-mentioned members were the only shareholders of  
the company.  I n  general meeting of  December 1 4 , B .  A .  Sherdah l ,  m in ing  
engineer, was  appoi nted technical manager of the company from April I ,  
1 9 1 7 , and jens K .  Bay business manager from january l ,  1 9 1 7 . The 
share eapital was SOO 000 Kroner divided into 1 00 shares. 

On july 1 2, 1 9 1 7  Sherdah l  left Norway for Kings Bay with an 
expedition consisting of  30 workmen and officia is ,  besides the crew of 
the ship. Construetion work was commenced . 

On  August 26 the steamer Deneb arrived with the winter provi
sions and workmen ,  the num ber of  whieh was now 1 43. Later in  the 
autumn severai sealers wen t to Kings Bay with material and stores. 

Kings Bay was visi ted 1 4  t imes that su m mer. The tonnage of the 
ships used was 3 l OS tons d .  w. 

About September 20 the railway was ready  for use. About 800 
tons of coal from the Agnes Mine  were sent  to Norway in sealers ,  o f  
which the  las t  left Kings Bay  on October 9. 

During the sum mer of 1 9 1 7  and the winter 1 9 1 7- 1 8  the fol l owing 
houses were bui l t : Three barracks fo r workmen ,  workmen ' s  mess, 
o ffkes,  two store h o uses ,  sta b l e ,  e a ttl e -shed,  fo rge and workshop , l oeo

motive shed and pu mping  stati on .  Further 2 .2  k i l ometres of rai lway 
were bui l t  and two l ocomotives,  waggons,  a steam-shovel  and a steam
power p lant  proeured .  

Coal  min ing was continued dur ing the  \Vinter wi th  62 men . 
I n  1 9 1 8  the fi rst steamer l e ft N orway on Apr i l  1 9  and  a rrived on 

May S .  Four 2000-ton steamers, a barque of 800 tons ,  a tugboat o f  300 
tons , and severai sealers \Vere chartered ,  in a l l  1 1  vessel s ,  of the total 
of 1 0  1 68 tons d. w.  The Advokat Mine was opened in  the autumn .  
Coa l  min  ing and examinat ion of the eoa l  area was  undertaken in  the  
summer. The maximum nurn ber of  workmen i n  the summer was  300. 
Exports were about 1 5 000 tons. The  steamers eal led 20 t imes and  
various sealers 1 2  t imes.  A l so  a sh ip  belonging to  the N orthern Ex
ploration Co. Ltd . bunkered in K ings Bay,  and on the same oceasion 
th is  company entered a protest aga inst  the eoal field being worked by 
the Kings Bay Kul Camp. A S.  
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The last sh ip  left Kings Bay on October 1 0 . 
The fol lowing bui ld ing work was done in  the  summer : Power 

station i n  cam p  with steam engine for electric l ight, later replaced by 
a motor, sta ff mess, fi ve workmen 's  houses, one storehouse,  two barracks 
a t  the mine, baths ,  co a l  t ip ,  provisiona l  loading a rrangement  a t  the 
shore with five l ighters, and a wireless stat ion which was ready for use 
i n  October .  A new locomotive and 30 waggons were also procured .  

In  1 9 1 8  Mr.  Jervell so ld h is  stocks to Brandal , Klausen and Knudsen.  
That year Dr .  j .  Gra m  found the h igh content of crude oi l  i n  the coal .  

Fig . 49.  Hul belongi ng to the m in ing company at Forlandsundet . 
L .  J .  Orv in  phot .  9 js  1 929. 

The number  of hands in the  winter of 1 9 1 8- 1 9  was 1 43 .  In ad
dit ion ,  seven men wintered from SIS Lods which arrived at  Kings 
Bay in  the  l atter part o f  October and froze i n  the re. 

Johan  H angeraas was manager that winter .  During the  winter 
a new power stat ion was bui l t  a t  the Agnes Mine wi th  a 60 h .  p .  steam 
engine ,  and about 1 8 000 tons o f  coal were mined un t i l  the beg inning 
of  the  sh ipping season .  The work was partly restricted by a strike .  

In the  summer  of 1 9 1 9  t he  fi rst steamer arr ived on May 1 2 . 
Exports total led 1 4  509 tons o f  coa l ,  i n  addit ion to which 980 tons were 
used for bunkering. 

The working strength in  the summer  of 1 9 1 9  was about 250 men .  
N o  work was  done  i n  the  mine  during the summer because of  a wages 
dispute,  but the fol lowing houses were bui l t : Store house, two double 
staff houses ,  manager's house, foremen 's  mess ,  hospi ta l ,  office bui ld ing ,  
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barracks for 76 men ,  four  houses each for e igIlt  men ,  power house for 
the wireless station and an  extension of  the wireless station .  The last 
boat left Kings Bay on October 4 .  

The wintering force in  1 9 1 9-20 consisted of  1 56 men ,  eight women 
and five ch i ldren . 

The work in  the m ine  was resumed in  the month of October ; 
there was, however, aga in a stoppage of work from November 1 0  to 
j anuary 27, 1 920. 

In the spring of 1 920 the fi rst sh ip arrived on May 5.  At the be
ginning of  the shipping sea son at  the end of  june ,  there was I 1  000 
tons co al in stock. During the summer ,  however, so much coal was 
produced that 35  1 62 tons were shipped , o f  which 2 354 tons were 
used for bunkers. 

The working strength in  the summer of  1 920 consisted of 274 men 
and four women .  In  addit ion ,  three women and three chi ldren belonging 
to the staff fam il ies I ived at Kings Bay. 

In  the course of  the sum mer a new loading quay was bui l t .  The 
barque Vega of  900 tons was sunk, fi l led with stones ,  and connected with 
the shore by a bridge 1 20 metres long and l O  metres h igh , on  which 
th e coal tra ins were run fro m  the mine d i rect to the ship 's s ide .  The 
quay was used from early in  july .  

Further ,  there was bui l t  a piggery for 60 pigs, a house for baking 
and sausage -making, and  extensions were made to the baths,  the  engine 
house at Agnes Mine ,  the locomotive shed and the workshop.  I n  that  
year the Otel ie Mine I was opened,  and the josefine Seam was found .  
The las t  ship left Kings Bay on October 1 5 . 

I n  the winter of 1 920-2 1 m in ing was con tinued in Agnes Mine ,  and 
Otel ie Mine I and josefine Mine were opened . The working strength 
was 224 men and 1 2  women under the leadersh ip  o f  Sherdah l ,  who  
had  acted as manager s ince 1 9  t 9. Ten  women and 23  chi ldren not 
employed by the company a lso wi ntered . In a l l  there were 269 in 
habi tants at the works. 

In the spring of  1 92 1  the fi rst ship visited Kings Bay on Apri l  1 3 . 
During the summer there were 49 steamer  calls .  The last boat left Ny 
Ålesund on October 29. Exports amounted t o  69 082 tons, not  including 
bunkers. Of  th is coal 1 00 tons were d el ivered to Braganza Bay and 
7 936 tons to various sealers. For bunkers 5 397 tons were used. 
The average number of  persons employed was 299 men and 23 women . 
I n  addition ,  there were five women and seven ch i ldren belonging to the 
staff fam il ies .  There were th us  334 inhabitants a t  the works that sum m er. 

In  the autumn of  1 92 1  the central part of the coal field was mapped 
on a scale of  l : 1 000 by A. Koller and W.  Solhe im ,  topographers with 
the Norwegian Svalbard expeditions .  The mapped a rea was I I  sq .  
k i lometres .  
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I n  1 92 1  the Spitsbergen Coal Committee vis i ted Kings Bay. This  
committee h ad been appointed on lune  26, 1 920. The members were : 
B. Stuevold-Hansen , general di rector ,  chairman ,  A .  H il lestad , under
secretary of  state and H j .  Batt ,  d irector of i ndustries .  Carl C. Ri iber ,  
min ing inspector ,  a lso took part  in  the trip. 

I n  the winter of 1 92 1 -22 Hans Merckoll acted as manager.  Work
people and staffs totalled 1 54 men and 1 8  women.  Seven other  women 
and n ine ch i ldren wintered . There were thus 1 88 i nhabi tants in  N y
Ålesund .  Only the josefine  Mine was worked that  winter. 

In the summer of  1 922 Ny-Ålesund received 33 steamer cal l s ,  and 
exports were 68 6 1 0  tons,  excluding bunkers, which amounted to 4 4 1 6  
tons.  The last col l ier left Kings Bay on October 28. 

In that year the rights of the Bergen com pany were purchased . 
I n  the  summer of 1 922, 1 90 men and 1 6  women were employed . 

Further ,  ten ch i ldren and eight women not employed , l ived i n  N y
Ålesund. Geological work was undertaken by the  author that sum mer.  

I n  the winter of  1 922-23 the josefine  Mine was worked ,  1 69 men 
and 19  women be ing em ployed . As a lso n ine o ther  women and n ine 
ch i ldren l ived at the works ,  t he  num ber of  inhabitants was 206. Sherdahl  
was manager that  winter .  

In the summer of  1 923 Ny-Ålesund had 34 ca l ls  by col l iers .  The 
last boat l e ft K ings Bay on October 1 4 . Coal exports were 85 437 tons, 
and for bunkers 6 1 59 tons were used . There were 338 inhabitants at 
the  works,  of which 30 1 men and 1 9  women were employed , and ten 
women and eight ch i ldren n ot employed.  The Olsen Mine was opened 
in  the sum mer,  and the Sofie and the Ester m ines were opened on th e 
respective sea ms ,  the existence of which was proved that  sum mer.  A 
geological map of  the fie ld was surveyed on a scale of  1 : 5000 by the author .  

j ens K .  Bay had left i n  1 920, and Thorl e i f  Berger was appoi n ted 
in his place. He died , however ,  i n  the spring of 1 922. The o ffice in 
Ålesund was then managed by Arth .  j iirgens unti l the spring of  1 923, 
when Arne Brøgger was appointed business manager, an appointment 
wh ich he held unt i l  the mines c losed down.  

I n  the winter of  1 923-24 Sherdahl was manager. The Olsen Mine 
was abandoned , and the work was concentrated i n  the Ester and Sofie 
mines .  In the  spr ing the j osefine Mine was exhausted and was abandoned .  
23 1 persons l ived a t  Ny-Ålesund that winter. 

I n  the summer of  1 924 Ny-Ålesund had 29 steamer cal l s .  Coal 
exports exclusive of bunkers were 82 677 tons and bunkers 6 267 tons. 
The last boat left Kings Bay on October 1 2. There were on the average 
259 workmen ,  2 1  persons belonging to the s taff, 28 servants ,  and 28 
other persons ,  in a l l  336 inhabi tants .  

The fol lowing winter ,  1 924-25, S .  Smi th Meyer was manager. 
Number of  inhabi tants 27 1 .  Of these 206 were workmen ,  20 were on 
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the staff, 23 were servants, and 22 were unemployed.  Ester and Sofie 
m ines were worked.  

In the summer of 1 925 3 1  cargoes ,  contain ing 87 722 tons,  were 
exported. Two cargoes of  7 1 1 5 tons were sh ipped to AlS Greaker 
Cellulosefabrik for crude-oil dist i l lat ion experiments .  Seven col l iers of  
2 1  720 tons d .  w .  were used .  The average freight paid per ton o f  coal 
was Kr .  8.88. The loading capacity was 3 000 tons a day.  The las t  boat 
left Kings Bay on October 22. 

The N orthern Explorat ion Co., Ltd . ,  which sti l l  cl a imed to be in pos
session  of  the coal fie ld ,  was bought out that su mmer. The matter was 
arranged by Dr. Arnold Ræstad, who in  1 925 visited Kings Bay together 
wi th  Ole  Røed and Fr. Marstrander .  They were appointed by the  Nor
wegian Govern ment  to deal with the settlement  of the  cla ims in Svalbard .  

The mines were c losed down in  the winter of  1 925-26 owing to 
lack of working capita! .  On ly a watch of  20 persons  remained to take 
care of the works and to keep the m ines free of  water. 

After the death of  Klausen in 1 924 the board of d i rectors consisted 
of  the remain ing two mem bers, Brandal  and Knudsen .  Out of  respect 
to Aalesunds Kreditbank and the Norwegian State , new members were 
appointed, viz .  T.  Berset, Ålesund, and Lauritz Devold ,  Ålesund .  
Branda l  was re- appointed .  Berset was appointed cha irman . 

Mining work was resumed on June  7 ,  1 926 i n  Ester and  Sofie 
mines .  In J uly  water broke into Ester Mine from a fissure i n  the foot 
wal l  of the mine about 40 metres below the sea - leve! .  The quantity of  
water  was about 450 l itres per minute. For this reason the development  
work in  the m ine  could not  be prosecuted unt i l  the month of October. 

The average of  person s  engaged in  the summer was 280. Of these 
1 44 worked underground ,  1 7  were on the sta ff, and 1 7  were women . 
Total exports were 90 499 tons, of which 72 973 tons were del ivered 
to the State-supported steamship com pan ies, 7 652 tons were bunkers, 
2 670 tons used for oi l-dist i l lat ion experiments ,  and 3 1 4  tons were reta i l  
sales at  Kings Bay. There were 30 steamer cal ls .  Sh i pping commenced 
on June 1 2, and the last col l ier left K ings Bay on  November 20. 

In the year (January I -December  3 1 )  1 926 1 3 1 039 tons of  coal 
and rock were m ined ; 1 0  l 8 1 7  tons were raised from the mines ,  and 
of  this quantity 1 4 058 tons were waste rock. By further c lean ing of  
the remain ing 87 759 tons of raw coal 84 722 tons of  eoa l  were won .  For 
i ts own use the mine  needed l 973 tons coa ! .  In  1 926 3 652 metres o f  
gateways, crosscuts and s l opes were driven ,  84  7 1 8  sq .  metres of  coal 
seams were rem oved , and 42 992 metres of t imber and 30 442 k i lo
grammes of explosives were used . Wages paid amounted to Kr .  872 906. 

I n the winter of 1 926-27 the num ber of hands em ployed total led 
276, of which 1 54 worked underground, 1 5  were on the staff, and 1 6  
were women.  The num ber of i nhabitants was 282. 
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58 men , who shou ld  have returned to Norway by the las t  steamers, 
had to stay because these steamers did not reach Kings Bay in  
N ovember. The icebreaker Isbjørn , sent  out  to ass is t  these coll iers, 
was com pelled to re tu rn to Norway owing  to bad weather .  

The work went on  in  Ester and Sofie mines .  In Sofie Mine a new 
ma in  s lope was com menced in  Decem ber. 

During the winler two gas explosions took pl ace in  the Ester Mine 
on Sofie Sea m ,  the one on Apr i l  20 ,  by which four  persons were ki l led , 
t he  other on May 2 ,  by which the  same  number was inj ured . 

I n  January 1 927 the locomotive shed and the work-shop were 
destroyed by fire .  

On J une I ,  1 927 the  Svalbard Com missioner ( 1 927) 1 had g iven h is  
sanction to the com panies cla im to the  area : Matr. no. 38,  l. no.  1 ,  Kongs
!lord. Deed of conveyance was executed by the Department of Trade 
on September 24,  1 924. 

In the  summer of  1 927 an average of  258 persons were employed . 
Of  these 1 05 worked underground ,  1 6  were on the  staff, and 1 7  
were wom en .  

I n  August 1 927 a fresh inflow of water  of  about  2 500 l i tres a 
minute took place i n  the  Ester Mine .  As sufficient power for pumping 
machinery was not ava i lable ,  a new power stat ion was bui l t  i n  the 
fol lowing winter a t  the shore a short d istance west of  the loading bridge. 
In the meant ime work had to be stopped in the Ester Mine .  The  Sofie 
Mine was worked throughout  the year .  

Coal exports i n  the summer of  1 927 were 98 672 tons including 
7 664 tons bunkers and 602 tons reta i l  sale in  Spitsbergen . N y-Ålesund 
had 38 stea mer cal ls ,  and the  sh ipping season was from May 20 to 
November 1 0 . 

I n  the year 1 927 1 79 1 1 5 tons coal and rock were m ined , and 
1 32 678 tons raised from the mine includ ing  1 8 300 tons waste rock. 
Of the remaining 1 1 4 378 ton s raw coal 1 08 93 1 tons coal were won by 
cleaning. The mines'  own consum ption of coal was 4 074 tons .  3 725 
metres of gateways, crosscuts and slopes were d riven , 1 1 4 435 sq. metres 
of  coal seams  were removed , and 75 7 1 4  metres of tim ber and 33 735 
ki l ogram mes of explosives were used . Wages amoun ted to Kr. 1 247 1 76. 

From the com mencement  of  the mining operat ions in  1 9 1 7  until 
the au tumn of 1 927, 673 979 tons of  coal were exported to Norway. 
The total value was Kr .  28 793 648. 

The Sofie Mine was worked th rough the win ter  of  1 927-28. Sherdah l  
was manager.  The number o f  hands was 1 62, o f  wh ich 65 worked 
underground ,  1 3  were on the s taff, and 1 4  were women .  

l O n  A ug.  1 4 ,  1 925 Norway go t sovere ign t y over Svalbard and the ownersh ip o f the 
various c l a ims was to be dec ided by a commiss ioner nomi nated by the Dan ish 
Government . 



G E O LOG Y O F  T H E  K I N GS B A Y  R EGION , S P I T S B E R G E N  1 7 1  



1 72 A N D E R S  K .  O R V I N  

The new power stat ion was  completed in  the summer  of  1 928. A 
steam turbo-m otor and a generator of  500 kw. were insta l led .  From 
now on e lectric energy was used for pumping as wel l  as for other work . 

I n  the summer of 1 928 the Sval bard Delegation ,  five mem bers o f  
the Financial Committee " 

of  t h e  Storting, visited t h e  Spitsbergen coal 
mines, inc luding also Kings Bay, under the leadersh ip of Mr .  H ornsrud .  
The average working force tha t  summer  was  222 .  Of  these 92 worked 
underground ,  1 6  were on the staff, and 1 6  were women .  Five steamers 
each of  3 050 tons d .  w. and one of  2 050 tons were used . These boats 
made 33 cal ls ,  and the freigh t  paid per ton was Kr .  6. 28. The sh ipping 
season was from June 1 0  to October 20. In June and J u ly  an epidemic 

. of  in fl uenza broke out a m ong the mining populat ion . 
Coal exports in 1 928 were 96 943 tons, o f  which  82 796 tons were 

sold in  Norway.  Retail sales in Svalbard amounted to 3 1 37 tons, 2 689 
tons were stored at Å lesu nd ,  and 6 5 1 6  tons were used for bun kers. 

On J une 1 4 , 1 928 the Storting granted Kr .  70 000 for deep dr i I l ing 
on the coal fie ld . This  work was executed from Ju ly 9 to October 6, 
1 928. As deep dri I l ing has never before been done so far north , i t  i s  
of especial in terest, and  has therefore been deal t  wi th in  a specia l 
chapter of  this paper. 

In the year 1 928 1 59 737 tons o f  co al and rock were mined ,  
a n d  of th is  quantity 60 502 tons were waste rock. 1 1 8 745 tons were 
raised from the m ine ,  of  which 1 4 770 tons were waste rock. By 
cleaning the remaining 1 03 975 tons of  raw coal 99 235 tons coal were 
won .  The m ine  consumption of coal amounted to 4 850 tons .  3 357 
metres of  gateways, crosscu ts and slopes were driven in  the year 
1 928 ; 1 00 544 sq .  metres o f  coal  seams were removed , and 63 420 
m etres of  t im ber and 24 1 59 k i logrammes of explosives were used .  

I n  the autumn of  1 928 the Ester Mine was worked,  and in  the 
winter of  1 928-29 work was prosecuted under the leadersh ip  of  Slåtto. 
The num ber of hands was 1 58, o f  which 75 worked underground ,  1 3  
were on the staff, and 1 3  were women.  

I n  Sofie Mine the remain ing p i l lars were removed , and from th is  
mine  the Ester Seam was worked downwards a long the dip in  Kjelleren. 
The Sofie Seam proved , however, to be unworkable  downwards a long 
the dip ,  and as also the Ester Seam in Kjelleren wedged out ,  t he  Sofie 
Mine was a lmost abandoned during the winter ,  and  the work was con
centrated on the Ester Seam in th e Ester Mine. As, h owever, the main 
s lope in this m ine  also stretched into an  unworkable area ,  a l l  winning 
work had to be done from the eastern s lope in Ester Mine .  Th is  s lope 
had been weakened by removing a part of the pi l l ars ,  and in  the 
working places operat ions were hampered by gas in such grea t masses 
that work had repeated ly to be stopped unti l the gas had been venti lated 
out o f  the m ine .  Owing to this trouble and working on im pure coal 
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areas, the  coal produced conta ined an unusual ly high percentage of  
ash .  The company was thus in  a particularly unfortunate position because 
i t  had be en im possible to open the lower part of  the Ester Seam in 
the Ester Mine owing to the great i nflow of water. When the Sofie 
Mine  and the main s lope in  Ester Mine fai led ,  m in ing had  to be 
prosecuted in  a l imited area,  where work was much impeded by water 
and gas. 

In the spring of 1 929 the fi rst steamer bound for Kings Bay le ft 
N orway on l une l O, but it had to return owing to d i fficult ice condit ions .  
The first sh ipment of  coal could not th erefore be made unt i l  ju ly  4 .  

I n  the summer an average of 1 88 persons was  employed . O f  these 
76 worked underground ,  I S  were women, and 1 3  were on the staff. 
The greatest number,  262 persons ,  was employed in  july .  

On August 1 6, 1 929 a gas explosion took place in  Sone Mine ,  and 
two workmen were k i l l ed .  Owing to the above-mentioned difficult ies 
the company was not  able to present  any estimate for a profitable 
working of  the m ines the fol lowing winter ,  and for th is reason min ing 
a t  K ings Bay was fina l ly  discontinued i n  the autumn  of  1 929. The last 
cargo was sh ipped on September 27. The Ester Mine was abandoned , 
and again fil led with water. The mine can never be re-opened . 

I n  the year 1 929 78 060 tons o f  coal and . rock were m ined ; 
69 785 tons were rai sed from the m ines ,  of which 1 6 970 tons were 
waste rock. By cleaning the  remain ing 52 807 tons ,  49 1 97 tons of 
coal were won . The mine  used 4 1 52 tons coa!. In all 58 856 tons were 
exported , i ncluding 996 tons reta i l  sales in  Spitsbergen and 5 446 
tons bunkers. 

In the winter of 1 929-30 only three persons wintered at  N y-Ålesund 
to guard the houses and stores. 

Since the closing down of  the mines  no work has been done i n  
K ings Bay. On ly  a smal l  guard i s  st i l l  ma in tained t o  l ook  a fter the 
house bui ld ings and stores. 

The wireless station was agai n  opened i n  the summer of 1 930 and 
has s ince corresponded with Svalbard Radio i n  Longyearbyen . 

As the share capital o f  the company was relatively smal l  and  was 
chiefly used for purchasing the coal neid and for preparatory work, i t  
was necessary to borrow money for the construct ion of  works . This  
m oney the company got  as a loan from A alesunds Kreditbank, to whom 
i t  owed 5 .2 mi l l .  Kroner i n  the autumn of 1 92 1 . 

From 1 920 the company also received financial  support from  the 
Government, i n  the form of advances against coal deliveries to the 
State-supported steamsh ip  companies .  This  State a id  was given to the 
coal companies owing to the fluctuating condi t ions on the world ' s  coal 
markets and the d ifficulty in  obtain ing coal from foreign countries .  The 
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Eng l i sh  coa l  market was for some t ime c losed altogether owing to the 
Engl ish em bargo on the exportation  of  coal . 

I n  1 9 1 9  Engl i sh  coal exports were contro l led by the Govern m ent .  
During the ra i lway str ike in  the autum n  of  that year expor ts d im inished , 
so that the N orwegian  State had to buy coal from the U . s .A .  and other 
countries. Coal prices were continua l ly risi ng ,  and in September 1 920 
they soared to Kr .  245.00 per ton .  I t  was thus  of the greatest importance 
to make this country as i ndependent as possible o f  foreign coal supplies. 
At the same time there was some possibi l i ty of the coal field passing 
into foreign hands, and thus there was a l l  the m ore reason for th is  
coal  be ing secured for Norway by State support .  

At fi rst the State bought the coal and reso ld it to  the steamship 
companies ,  but  i n  this way losses were incurred during the per iod o f  fa i l ing 
trade .  Afterwards the  steamship companies purchased the coal d i rect. 

During the Engl ish coal strike in 1 926 the coastwise traffic  i n  
northern Norway would hardly have been maintained to  its ful l  extent 
without  the coal from Svalbard. AIso the  fish ing fl eet was able to keep 
going with coal from the Norwegian mines .  

State support o f  coal m ining was a l so  found desirable during the 
negotiations relat ing to the  nat ional isat ion of  Sval bard and dur ing the 
consideration by the Svalbard Commissioner o f  the rights o f  ownership 
to the cla ims .  

Broadly speaking, m in ing  in  Kinj:!s Bay  resulted in  a cons ider
ab ie  deficit .  This  was chiefly  due to the l ow prices rul ing on  the coal 
market in  the later years of working.  Fal l ing market prices were 
especially unfortunate for the Kings Bay Kul Camp. A lS, which each 
autumn had to base the work for the fol lowing winter on the market 
price and on the wages rul ing when the labour con tracts for the fol lowing 
season were signed .  Reced ing prices during the win ter, when no  changes 
could be made in  wages, and no coal could be sold ,  would al together 
upset al l  ca lcu lations .  

Already in  1 920 the loan from  Aalesunds Kreditbank was spent ,  
and the company had noth ing left for cont inued work and coal production .  
The company then applied to the  Government for support  i n  the 
shape o f  advances against coal  del iveries .  I n  view o f  the  posi t ion on  the 
coal market the Government  found i t  expedient to provide such advances. 

In 1 920 the company got Kr .  207 per m etric ton of  coal ,  and 
produced coal for about double the value of  th e advance received . I n  
t h e  fo l lowing year the price had decl ined t o  about K r .  5 9  per ton ,  and 
the work gave a great deficit . This was a lso the  resu l t  i n  1 922, when 
the price had decl ined to about Kr .  38 per ton .  

In 1 923 and 1 924 the pr ices were respec t ively about Kr.  38.60 
and Kr. 34, and for these two years the work gave a profit .  I n  1 925 , 
h owever, the price decl ined to Kr .  25 .40, and resulted in a rather 
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large deficit .  That year also the N orthern Exploration Co . ,  Ltd . was 
bought out for Kr.  780 000 . 1  

I n  1 926 t h e  prices of  coal rose owing t o  t h e  English coal strike, 
and the min ing gave a surplus of about one m il l ion Kroner. The 
fol lowing two years there was a smal l  deficit , because the price then 
had again decl ined.  

The debt to Aalesunds Kreditbank with interest had increased,  
and on J anuary l ,  1 929 was Kr.  8 866 000. After the works had been 
closed down in  1 929 the chances of  the company being able to pay 
its debt were very smal l .  As A alesunds Kreditbank had to be recon
structed owing to the great loss on Kings Bay Kul Comp. A lS,  the  
Government pa id  Kr.  1 25 000 to  cover th is  loss .  The who le  of  the  
property thus  passed to the Norwegian State in  1 93 1 ,  in  which year 
the  company owed Kr.  6 272 000 to the State. 

More detai led in formation about the company's relations to  the 
State are to be found in Stortingets Forhandlinger 1 920-3 1 .  

The total of  coal exported including bunkers from 1 9 1 7  to 1 929 
was 833 864 tons ,  and the total value was about 32 mi l l .  Kroner.2 

Min ing statistics of Kings Bay Kul Comp. A lS will be seen from 
the fol lowing tables .  

The specifications concern ing the m ining from 1 926 to 1 929 I 
have for the greater part got from the mining inspector o f  Svalbard,  
Mr.  H ans Merckoll .  

Coal Exports. 

Exports exclud ing 
Bun kers Total exports Year bunkers in metric 

tons i n  metric tons in metric tons 

1 9 1 6  250 - 250 
1 9 1 7  800 - 800 
1 9 1 8  1 5 000 - 1 5 000 
1 9 1 9  1 4 509 980 1 5 489 
1 920 32 808 2 354 35 1 62 
1 92 1 69 082 5 397 74 479 
1 922 68 6 1 0  4 4 1 6  73 026 
1 923 85 437 6 1 59 9 1 596 
1 924 82 677 6 267 88 944 
1 925 87 722 6 426 94 1 48 
1 926 82 847 7 652 90 499 
1 927 9 1 008 7 664 98 672 
1 928 90 427 6 5 1 6  96 943 
1 929 53 4 1 0  5 446 58 856 

1 9 1 6-- 1 929 774 587 59 277 833 864 

1 In th is  amount i s  also i nc!uded payment  for other properties which belonged to 
the N orthern Exploration Co . ,  Ltd. 

2 Amount  given in  paper Kroner, the gold value  of which was fluetuating  in th is  

per iod .  

1 2  
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Year and 
season 

Summer . .  
--
-
-

-
-
--
-

Wi nter 

· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 

1 9 1 7  
Summer . . 

1 909 
1 9 1 0  
1 9 1 1 
1 9 1 2  
1 9 1 3  
1 9 1 4  
1 9 1 5  
1 9 1 6  
1 9 1 7  

1 8  
1 9 1 8  

Winter 1 9 1 8--- 1 9  
Summer  . .  1 9 1 9  
Winter  1 9 1 9 -- 20 
Summer . . 1 920 
Winter 1 920--2 1  
Su mmer  . .  1 92 1  
Winter 1 92 1 -22 
Summer . .  1 922 
Wi nter 1 922- 23 
Summer . .  1 923 
Winter 1 923-24 
Summer . .  1 924 
Winter 1 924-25 1 
Summer . . 1 925 
Winter  1 925-26 
Summer . .  1 926 
Winter 1 926 - 27 
Summer . .  1 927 
Wi nter 1 927-28 
Summer  . .  1 928 
Winter 1 928-29 
Summer  . .  1 929 
Winter 1 929-30 
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Persons Employed and Inhabitants. 

N u m ber  of  hands Tota l  o f  Women and  

employed n u m  ber of ch i ldren not [ nhab itants at 
hands e m ployed by Ny-Å lesund  

Men Women  e m ployed the company 

5 - 5 -
7 - 7 -
7 7 -
4 4 -
9 9 - -
6 ti 
5 - 5 -

30 - 30 30 
1 43 1 - 1 43 1 43 
62 - 62 62 

300 max. 300 max. - 300 max.  
I SO 1 50 1 50 
250 250 - 250 
1 50 4 1 60 9 1 69 
274 4 278 6 284 
224 1 2 236 33 2(;9 
299 23 322 1 2  334 
1 54 1 8  1 72 1 6  1 88 
1 90 1 6 206 1 8  224 
1 69 1 9  1 88 1 8  206 
30 1 1 9  320 1 8  338 
1 93 20 2 1 3  1 8  23 1 
284 24 308 28 336 
229 20 249 22 27 1 
254 24 2/8 1 7  295 
1 5  5 20 1 8  38 1 

263 1 7  280 1 8  298 
260 1 6  1 276 1 3  289 
24 1 1 7  258 1 4  272 
1 4 8  1 4  1 62 1 5 2  277 
206 1 6  222 1 5  237 
1 45 1 3 1 58 9 1 67 
1 73 1 5  1 88 9 1 93 
2 l 3 3 

Mining. 

From the ehapter deal i ng  with th e h i story of eoal m in  i ng  operat ions 
i t  wi l l  be seen when the various mines at  K ings Bay were worked . 
Min ing on  a large sea le combined with exporta t ion has  been done on 
the J osefine Seam in the J osefine M ine ,  on the Agnes-Otel ie Seam i n  
the Agnes Mine ,  Ote l ie Mine I ,  a n d  Ote l ie  Mine  I l ,  o n  t h e  Ester and 
Sofie  seams in  the  Ester and  Sofie m i nes .  A l l  other workings have 
been more or l ess exploratory work .  No  co a l  has  thus  been exported 
from the Advokat m ines ,  the Ragnh i ld  Mine ,  a nd  the Olsen Mine .  
eoal produet ion and exports , as wel l  as t he  number  of hands i n  the  
d ifferent seasons, wi i l  be seen  from the above ta b les .  

l [ o  add i t ion  32 men who had  put up  a hangar for the  exped i t i on  of A m undsen 

and El lsworth l i ved at Ny-Å lesund . 
A lso  i nc lud ing  the d i str ict  j udge and h i s  ass istant  wi th fam i ly . 
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Al l  the m ines h ave been worked by the room and pi l lar  method 
and opened by a main slope along the  d ip from the outcrop of  the 
seam .  To ensure more effeetive venti l ation and shorter transport two 
or three sueh main slopes were worked down in  fan form from the 
mine opening. At every 1 8  to 20 metres a long the d ip  gateways or 
rooms were d riven to the righ t and left from the  main slope . These 
gateways were fu rther com bined with erosseuts to get  good venti la t ion .  
The dip of  the main s lopes would ,  aceording to the d ip of  the  d ifferent 
eoal seams, vary between 8 and 1 6  degrees in a southerly d irection .  
The  gateways were given a s l ight  incl ination towards the main s lope to 
ensure easy transport .  Owing to the unevenness of  the strati ficat ion 
the gateways had a eurved trend .  The length of  the main slopes in 
Agnes Mine was up to 400 metres, i n  J osefine  Mine 450 metres, in 
Sofie Mine 575 metres, and in  Ester Mine about 550 metres. I n  Otel ie 
Mines I and Il the length was on  ly about 1 50 metres and 1 70 metres 
respeetively .  The length of the gateways was up to 200 metres, but 
usual ly they were fa r shorter. 

From the description of  the d ifferent eoal seams i t  will be 
understood that min ing has been done on sea ms  of  widely d ifferent 
development and thickness, from less than one metre up to severai 
m etres, and on eoal seams without part ings as well as on seam s  with 
stone bands,  which had to be separated from the coal in  the m ine .  
Greatly disturbed areas of  smal l  th iekness had to be left unworked . 
Sueh areas were met with quite frequently and caused eonsiderable 
d i fficulty in  the working  of  the mines and the caleulat ion o f  the  output .  

Owing to the  uneven strike and d ip ,  undercutting maehines were 
not  used. A l l  coal was won by dri l l ing and blasting. I n  the  first min ing 
period only hand-dri l l ing maeh ines were used , but l ater on electrically 
d riven dri l l ing machines were also employed . 

The method of working the seams was varied to some extent owing 
to the development of the seam .  In Agnes Mine,  where the seam was 
parted by a fa ir ly thiek stone band, the lower seam was fi rst removed 
by dri l l ing and blasting, and afterwards the  stone band and the  upper 
seam were wedged loose and broken down . Where the seams  eonsisted 
only of  eoal, the whole seam was blasted out .  The explosive used was 
coal-carbonite .  For roek blast ing also dynamite was used .  

During the  working of  the  gateways only part o f  the eoa l  was  taken 
out .  When the gateways had reached the outer l im i t  of the area to 
be worked to the main slope, the seam was worked back towards the 
main s lope ,  a nd  the  p i l lars  were removed .  The  em ptied parts  of the  mine 
were abandoned,  and the roof gradual ly broke down .  Only a long the  
main slope were the pi l lars left undisturbed unti l  t he  who le  m ine  had 
to be abandoned ; then they were gradual ly mined out from be low and 
upwards a long the slope. 
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At th e workings the co al  was  loaded in to  waggons of one eubie 
metre . This work was done either by hand, or the eoal was tipped 
d ireetly from the h igher foot wal l .  From eaeh gateway the eoal was 
taken out only on i ts upper side, and where the th iekness was not 
great the gateway was partl y  ripped down into the rock of the foot wal l .  
Thus in  many of the  gateways the upper edge of  the  waggon would 
be on a level with the foot wal l  on  the upper side of the gateway.  
The  waggons were hauled by hand to the  main s lope on a tramway. 
When severai sueh waggons had been trammed out to the m outh of  
the gateway and eoupled together ,  they were in  turn hauled up the 
main s lope by a winding engine ereeted above the dump,  on to wh ieh 
the waggons were tipped . 

I n  the  first years no separation plant was used.  The large stones 
were pieked out by hand on the slopes o f  the dump .  In the winter  i t  
was of course d iffieult to get  th i s  work done thorough ly .  I n  the last 
years in  whieh the Ester and Sofie Mines were worked the eoals were 
tipped in to a pocket and screened into smalls below 0 .5 inches and 
large ; the latter went on a picking belt ,  where the stones were picked 
out, whereupon large and smalls were mixed and shipped together .  

In the  sh ipping season the coal was loaded in to rai lway waggons 
by means of  two steam shovels ,  one  o f  whieh had  a eapacity of  three 
eubie metres. The  waggons, which loaded five tons net ,  were pul led down 
to the shore by a loeomotive on a ra i lway with a gauge of  90 centi
metres. During the  early working period at the Agnes Mine ,  the coal 
was emptied in to a pocket a t  the shore with a eapacity of  300 tons. 
From this poeket the eoal was run off in  to boxes, each taking 700 kilo
grammes, on flat-bottomed l igh ters with a capaeity of 50 tons. The  
l ighters were hau led ou t  to the steamer by i t s  winehes, and the boxes 
were em ptied into the h old .  In this way 700 to 800 tons were loaded 
in  twenty-four h ours. After the loa'd ing bridge was bui l t  the eoal-train 
ran alongside the steamer and t ipped the  waggons d irectly on board. 
This made loading far more effeetive, and up to 3000 tons were loaded 
i n  twenty-fou r hours.  The steamers employed were of from 1 500 to 
4000 tons d .  W., mostly about 3000 tons. The eoal was sold to northern 
Norway and to the State-supported steamship com panies .  

The output per man per day, a l l  inc!uded, was in  1 920 0.96 tons ,  
i n  1 92 1  1 . 1 5  tons ,  in 1 922 1 .62 tons and in 1 923 1 . 27 tons .  Per miner 
and sh i ft the production was 4 .4  tons in  the winter  1 924-25 and 
6 .26 tons in  the summer of  1 925 .  

As to the  percen tage of smalls, Sherdahl  found that i n  1 925, 1 5  to 
35 per cent (average 25 per cent . )  was under 0.5 inches .  

There h ave been no  eoal -dust explosions i n  the mines at Ki ngs 
Bay, but a lready during the working of  the lower part of  the  J osefine 
Seam gas was pereeptible , and in  Sofie and Ester mines gas was 
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observed as early as 1 925 i n  severai crosscuts, by which year five gas
explosions had taken place. Of these two were in the Ester Mine  and 
three i n  the Sofie Mine .  Some of  the  workmen were so severely burnt 
tha t  they had to be taken to hospita l .  

U nt i l  1 925 on ly ordinary open carbide lamps had been i n  use .  
From that t ime these lamps were prohibited in  the  dangerous cross
cuts ; they were soon discarded and new electric safety lamps adopted . 

However, there have in: more recent  years been d i fficult ies with 
the gas, which increased towards the depth.  Thus on Apri l  20, 1 927 

four persons were ki l led by an explosion in the Ester Mine on Sofie 
Seam, and on May 2 of the same year four  men were in jured by an  
explosion . I n  another explosion in  August 1 929 i n  Sofie  Mine two  men 
were k i l l ed ,  and  th i s  accident, with other  trouble ,  led to the ciosing down 
of  the mines. 

Also during the dri l l ing of borehole 5 great masses of  gas were 
met  with .  The outbreak of  gas was so strong that the dri l l ing water 
was flung six or  seven metres above the tube. 

The gas from the Kings Bay field has never been analysed, but 
i t  i s  mostly inodorous and certa in ly consists chiefly  of methane .  I n  
t h e  Ester Mine ,  however, also H 2 S  was detected by  its smel l .  

Nearly a l l  the  work i n  the mine was done on contract, the work
men fin ding their own explosives and  tools .  The priees given per 
metre of  s lope ,  gateway, and crosscut d iffered aecording to co a l  th ick
nesses .  The laying down o f  rai ls was inc1uded i n  the pr ices stipulated.  
This was also the case with tramming work up  to 50 metres fro m  
t h e  main slope.  F o r  tramming over greater d istanees they got extra 
payment .  

From the m ining reports given to the min ing i nspeetor of  Svalbard 
the amount of  work done per annum will be  seen. For the years 
1 927-28-29 the fol lowing figures are given : 

N umbers of metres of slopes, gateways and 
erosseuts worked . . . . . . . . . . . . . . . . . . . .  . 

Coal area worked i n  sq .  metres . . . . . . . . • .  
Ti mber used i n  metres . . . . . . . . . . . . . . . . .  . 
Explosives i n  k i l ogrammes . . . . . . . . . . . . .  . 
Total of eoal produet ion . . . . . . . . . . . . . . . .  . 

1 926 

3652 
847 1 8  
42992 
30442 
84722 

1 927 

3725 
1 1 4435 
757 1 4  
33735 

1 0893 1 

1 928 

3357 
1 00544 
63420 
24 1 59 
99235 

1 929 

4 1 000 
1 6472 
4 9 1 97 

Some figures coneerning the min ing wi l l  be found in the ehapter 
dealing with the h istory of  eoal m in ing. 
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Drill ing. 

O n  J une  1 4 , 1 928 t h e  Storting voted means  for dr i l l i ng  o n  the  
Kings Bay coa l  fie ld in  the summer o f  1 928. The Department  o f  Trade 
pl aced this work i n  the hands of Norges Svalbard- og Ishavs-under
søkelser, and  as geologist at th is ins ti tut ion I had  to su perin tend dr i l i ing 
operations .  

Deep dri l l i ng  h ad  never been done  in  such h i gh  l at i tudes, and the 
experience we gained may be of some in terest for fu ture dr i l l ing i n  
t h e  Arctic . 

Norges Svalbard- og Ishavs-undersøkelser h ad previous ly carried 
on such work in  Bear I sl and  i n  1 924 and 1 925. Also here the ground 
is frolen to the depth of  about 75 metres ,  but dr i l i ing in th is  i s land 
did not encounter anyth ing l i ke the d i fficult ies i t  d id at Kings Bay .  
Th is  was chiefl y  due to the  lower temperature of  the ground .  Whereas 
the temperature of the coldest zone o f  the frolen ground in  Bear I sland 
scarce ly exceeds - 3 o C ,  i t  is  at Kings Bay more than twice as  great . 
Un fortunately ,  we are not  in possession of  tem perature measurernents 
from the ground at Kings Bay,  but  i f  we take as our basis the average 
temperature of  air, which a t  Green H arbour i s  - 7.60  C and a t  Kings 
Bay probably somewhat lower, perhaps about _ 8 " , we may take it  
that the l owermost temperature ,  which is found a t  about 20 metres 
depth, i s  a bout - r. 

The frolen ground at K ings Bay extends to a depth of  1 50 m etres, 
and thus we dri l ied exclusively i n  the frolen zone .  This low tempera
ture in  the ground made our task a very d i fficuit  one, and on ly  by 
exercising the greatest care were we able to carry through the d ri l i ing 
wi th the outfit we had brought with us  or  could procure a t  the mine 
workings a t  N y-Ålesund.  

The d ri l l ing was done with two dri l l ing machines ,  h i red from 
Norsk Diamantborings A /S, Oslo .  The d ri l lers were  a l so  attached to  
th is  company,  and  severai o f  them had experience in d ri l l i ng  i n  
Bea r  I s l and .  

We used ch i l l ed  shot  or  steel grit ,  th i s  method hav ing proved to  
be suitable for dr i l i i ng  i n  sedimentary rocks ,  where the  dip o f  the  layers 
i s  no t  too great .  The fact is that  th i s  method can on ly be used for 
a lmost vertical d ri l i ing .  

Dri l l ing took place from J u ly  1 4  to October 3 .  We used a 5 h .  p .  
oi l -engine for driv ing the d ri l i ing-machines .  

The d iameters of  the crowns used were : 5 1 , 4 " ,  4 1 /4 " ,  a n d  3 1/4 " 
giving cores o f  4 " , 3 "  and 2 1 /4 "  respectively. Cores of  3 "  d iameter 
m ust be deemed most sui table for coal-dri l l ing . 

I n  a l l  5 h oies were d ri l ied tota l i ing 422.39 metres dri l l i ng  l ength . The 
bore hoies were l ined with 35.2 1 metres 5 1/ ,  and 44.28 metres 4 "  casing .  
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During the dri l l ing 650 ki logram mes of  steel grit was used , i .  e .  
1 .3 ki logram mes per metre. 

Al l  th is  grit was not  aetual ly expended i n  the dr i l l ing i tself, because 
part of  i t  was lost i n  fissures and open spaces in  the upper part of  the 
ground .  In comparison ,  the  expenditure of  stee l  grit i n  Bear Is land was 
3 k i logra mmes  per metre , and i n  dr i l l ing  i n  gran ites about 5 k i lo 
gram mes a re used .  The crown wear was also comparative ly sma l l . The 
sma l l  amount of  wear  to dri l l ing materia l  was due to the rocks a t  the 
Kings Bay eoal fie ld ,  particular ly the l ower part  of  the Tertiary strata ,  
i n  which the  greater part of the dr i l l ing took place ,  being very soft .  
I t  is  ch iefly made up of sha les, a rgi l laceous sandstones and co a ! .  
Through these rocks we partly dr i l l ed wi thout  the addi tion of  s tee l  grit .  

Only at one dri l l ing site ,  borehole l ,  we could begin to dril l  on  fa ir ly 
compact rock near the surface ; everywhere else on the coal ReId the 
bed rock is  covered by frolen, l oose m ateria l ,  a t  most points to the 
depth of severaI metres. At such places we had to dig smal l  pits down 
to the bed rock , and on this a 6 "  casing for the direetion of  the  bore
crown was cemented.  The length of  these pits , the  dri l led depth and  
the total depth from the surface, as  we l l  as the  percentage o f  core 
obtained h ave been collocated in  the fol lowing table .  

Borehole Depth of p i !  and Dril led length Total depth from 

No. 6 "  tube i n  metres i n  metres upper edge of Cafe percentage 
6 "  tube in metres 

l 0.75 I O S.90 1 06.65 7 6  
2 1 .45 57. 9 1  59.36 60 
3 2.30 44 .60 46.90 40 
4 2.40 I 1 46.69 1 49.09 40 
5 1 .45 67.29 68.74 42 

8.35 422.39 430.74 

The rock near the surface on Bear I sland was fa irly unbroken ,  
and when  casing had been  go t  down through the uppermost 2-3 metres 
there was no further trouble  with rock fa l l ing down the hole .  

At Kings Bay,  on the contrary , the  upper part of the bedrock was 
qu ite broken up ,  i n  some spots down to a depth of  20 metres and  more. 
This i s  ma in ly  due to the activ i ty of  the frost ,  but i t  may parti y be 
the resul t  of  the tecton ical  disturbanees .  The dr i l l ing through th is  lO ne 
is  very d i fficult .  I t  could be avoided by working a pit  down to sol id 
rock. This  work has ,  however, to be done i n  the  autumn ,  when the 
surface is frolen .  In  the spr ing i t  i s  d i ffieult  to work p i ts  down from 
the surface, because ,  during the melt ing o f  the snow ,  water is  flowing 
everywhere . For th is reason we only dug  the pi ts down to a b lock on 
wh ich the casing cou ld  be cemented and the dri l l ing com menced . I t  i s  
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obviously not possi b le s imply to drive the casing down th rough frozen 
ground conta in ing great masses of  l arge and sma l l  blocks, as i s  usua l ly 
done in unfrozen earth . 

Dri l l ing through frozen ground is not  d i fficul t ,  as ice and stones 
a re combined to a rigid mass ; but  as  soon as  the circulat ing water has 
meI ted the wal ls  of the hole ,  the stones wi l l  l oosen and trouble begins .  
I t i s  j ust as  wel l  to put down the cas ing a t once, as otherwise the 
dr i l l ing too ls  w i l l  soon st ick fast , or  one wi l l  have to dr i l l  on ly  in  
fa l len rock. When a new casing has been put down a smal ler crown 
has to be used for the further d ri l l ing ,  and when such casing work 
has been repeated two or three times one gets down to so sma l l  a 
d iam eter of the crown that  the percentage of  core wi l l  d im in ish ,  and 
the  whole resuIt of the  d ri l l ing i s  less reI iab le .  

To be prepared for th is  eventual i ty the dr i l l ing outfit must include 
a sufficient num ber of  transit ion s of crowns and casings for dri l l ing 
th rough the upper broken rock. 

We were not  in possession of  the necessary tools and were forced 
to lengthen the  uppermost casing and drive i t  down in to the smal ler  
hole dri l led wi th in  it .  This was done by enlarging the hole be low the 
casing by blast ing with dynamite and  d riv ing the casing down by framing 
wi th  the  heavy lead .  We did th is i n  borehole 4 from a depth  o f  
7.62- 1 2.50 metres to get through a down fa l l  zone  without changing 
the crown diamete r ;  but during the driving down o f  the casing i ts lower 
end was turned inwards ,  so that i t  h ad to be straightened out with the 
ch isel before the dri l l ing tools could pass th rough i t .  

In the meant ime the coupI ing boxes hi tched on to the lower r im 
of  the casing during the leveI l ing of  the d ri l l ing tools , so that  we had 
to make the upper part o f  the muffs conical upwards by cutt ing them 
in  the  la the .  Th is  method should be avoided . 

I am of  opinion that one  would at al l  events be safe in  using 
crowns and casings of  three d ifferent sizes greater than the  s ize usua l ly  
required for penetrating the coa l  seams.  The d ifferences between the 
d iameters of  these casings sh ould be as  sma l l  as  possible ,  as otherwise 
the l a rgest sizes will be very heavy. 

I t  wou ld  certa in ly  be best to use casings without coupl ing boxes,  
but with screw-threads on the casi ngs themselves .  These should be 
cut in  d ifferent length s ,  of  which some should be quite short and be 
m ade ready for use in  the workshop. Thus the total length needed 
could be screwed together  without too much delay caused by cutt ing and 
threading work. In this way some metres could be dr i l l  ed before the stones 
are l oosened by thawing ,  and the h ole shou ld be l ined out before the 
downfa l l  begins .  The next size i s  used some metres further  down , and 
so on unt i l  real sol id rock is  reached .  When fi rst down in  the com pact 
rock dri l l ing does not offer  any further d i fficulty in  respect of fal l ing  rock. 
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We were not  prepared for these d ifficulties and had only brought  
with us one size of  casing (5 " ) , as  we considered that  only one casing 
was sufficient ,  as in  Bear I sl and .  For this reason our work was great ly 
impeded by rock fal l ing  into the borehales .  

The greatest d ifficulty we encoun tered was in  borehole 2,  where 
we were delayed for s ixteen days through having to d ri l l  i n  fal len stone,  
whereas we on ly used twelve days for effective d ri l l ing. We saved the 
ho le  by weld ing together ,  during the lowering proeess, 28.3 metres of 
4 "  i ron  casing ,  which was produced from the mining works.  

I n  bore hole 3 we had  later to undertake the same proeess to a 
depth of  2 1 .34 metres. The welding together of the casing cannot  be 
recommended ,  because the welded joints easi ly break when the casing 
is  frarned down through the down fal l  i n  the  hole .  

Our experience was that  i t  was very d i fficult to dri l l  more than 
6-7 metres i n  the upper cracked part of  the rocks before further 
d ri l l ing was made impossible by the downfal l  o f  loosened rock. I n  bore
h oIes 3 and 4 we were compelled to put down the casing after 6.5 metres 
d ri l l ing .  As the great fissures and spaces from which the loose s tone 
fal l s  are to be found down to a depth of  20 metres, and sometimes sti l l  
deeper, the h ole i n  th is  c ase  has to  be l i ned  three t imes  before real ly 
sol id rock is  reached .  

We tried a lso to cement  the loose parts and afterwards dri l l  th rough 
the cement and go farther  down with the same crown d iameter. We 
tried first with pure cernent ,  afterwards with quick-binding cement i n  
the  ratio of  one bag  of  cement t o  one bucketfu l  of  soda and four  
buckets of  water, bu t  i t  d id  not  b ind  and some of  i t  could be  washed 
out  of  the hole .  The greater part seerned to be frozen and was brought 
in solution by the ci rculating water .  This method cannot be used under  
such condit ions .  

Strange to say, we also l ost the water severaI  t imes a t  the depth 
of severaI metres. This must be due to fissures in  the upper .part of 
the frozen ground ,  which m ust have been forrned during contract ions 
of  the ground owing to variat ions of  temperature. 

The greatest d i fficulty in dr i l l ing i n  Spitsbergen i s ,  however ,  that 
the dri 1 l ing tools are frozen fast i n  the hole .  The possibi l i ty of freezing 
partly depends on the temperature of the ingoing flushwater. 

The surface water in b rooks not . passing over snow or ice wi l l  
atta in  a temperature of  about 5-6 1/2 ° C in the warmest part  of  the 
summer.  This  water could be used d irectly for the dr i l l ing without any 
r i sk  of freezing, as long as  the d ri l l ing too l s  were i n  rotation .  I f, how
ever,  dri l l ing stopped for some minutes ,  the temperature of the water 
would soon fal l  below zero and the dri l l ing tools would freeze fast to 
the hole i f  not raised at once. 
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When we used water from snow-fi l led  va l leys or  from the brooks 
i n  the autu m n  when the temperatu re o f  the surface water was between 
O '  and 2 � ,  ice wou ld  o f  ten begin to form even when we were d ri l l ing .  
We came to the  conc1us ion that  if  the depth of the hole was m ore than 
50 metres, the i ngoing flush water must  not  be colder  than 2 .5  o C .  

O n  Bear I s land the boreholes cou ld  rema in  a day u nworked without 
freezing ,  i f  on ly br ine was poured in to the ho le .  Th is  was,  however, 
not poss ib le at Kings Bay .  We were here troub led with the ho le  
freezing even when warm br ine o f  ca lc ium ch loride was pu m ped down . 

On one occas ion the crown and dr i l l ing tools froze fast i n  the 
hole because of  a short m otor stoppage . Another ti me  the dr i l l ing was 
delayed th rough the hole freezing duri ng  a suspension of  d ri l l i ng  from 
Sunday morning t i l l  the even i ng  o f  the same day  to repa i r  our motor 
pump .  The hole was then 74 metres deep.  J ust  before we s topped 
we pum ped down warm br ine ,  but nevertheless the hole had frozen up 
i n  the evening 42 m etres from the bottom .  I t  took three days to dr i l l  
ou t  the  ice aga in .  Another dr i l l  ho le  froze during the  w ind ing  up  of  
the  tools ,  when the crown was  30 metres above the bottom of the hole .  
The crown was thawed loose i n  some hours ,  but  i n  the meant ime the 
30 metres down to the bottom had frozen , and  we had to d ri l l  ice 
more than a day .  

Dr i l l ing had ,  for th is  reason , to go on cont inuously ,  a lso on 
Sundays. In the summer  we used the tempered surface water d i rect 
from the brooks, but to prevent  the ho le  from freezing during the 
rais ing of the dr i l l ing to ols we fi l led the hole with warm br ine . The 
water  was warmed i n  i ron d rums under  which a conti nuous coa l  fire 
was kept burn ing. The hot  br ine was pum ped down with a handpump 
j u st before the rais ing o f  t h e  rods ,  unt i l  t h e  water coming ou t  o f  the 
ho le  had a lso been tempered. I n  th is  way we kept the hole  from 
freezing. The pumping down o f  the br ine by means o f  a mach ine  
pump shou ld  be avo ided ,  because the va lves w i l l  thereby be damaged . 

When we d ri l led with co l d  surface water i t  happened that the hole 
began to freeze during the dr i l l ing .  We then a t  once threw the suct ion 
tube i n to the h ot wate r conta iner  and pumped down warm water. 

In the autumn,  when the surface water was too cold , we used 
exc1usively a rti fic ia l ly heated ,  c ircu la t ing water .  We used th ree i ron 
d rums  connected with tubes .  I n to number  one we fed the flush water 
com ing from the ho le ,  and h ere the greater part of the mud settl ed .  
From th is  conta iner the  water flowed over  to num bers two and three,  
from which i t  was aga in  pum ped down i n to the boreho le .  By keeping 
u p  a cont innous fi re under a l l  the drums we kept the tem peratu re of  
the i ncoming water a t  a bout 6 °  and  the outgoing water at  3 "_ 4 ° ,  
varying with t h e  depth o f  t h e  ho le .  I f  i t  i s  i n  any  way possi b le to 
a void the use of circulat ing water in coa l -dri l l ing ,  i t  shou ld  not be used . 
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The water wi l l  get so muddy that  i t  is very d i fficult to determine from 
the dri l l ing-m ud in  wha t  k ind  of  rock one  i s  dri l l ing ,  or  when th e dr i l l  
i s  p ierc ing coal  seams .  This  must be c losely watched ,  because one wil l  
scarcely get cohesive co re from such loose rocks. To keep the water 
sufficiently clean we h ad to put up  two such sets of cases for the hot
water circulation ,  and used the one whi le  the other was being cleaned 
out and fiI Ied with fresp water. 

During the last stage of  the dri l l i ng  work at the end of September 
and  the beginn ing of  October we had to work i n  - 1 4  o and a snow-

Fig. 52. Dri l l i ng site at Borehole 4 on Le i rhaugen . 
A. K. Orvin phot. 30/9 1 928. 

storm . When the dri l l ing tubes were raised the rods were so cooled down 
that as soon as they were again put down in the hole the water would 
freeze. At fi rst we only poured hot water over the rods when lower ing 
them in to the hole ,  but at  last  we h ad to lay them on a cont inuous 
eoal  fi re to keep the d ri l l ing going .  Muffs and threads had to be 
put i n  to a bueket o f  hot  water before they were screwed on , or  they 
would shed ice .  

Towards the end of  our  work we had to carry the water up from 
the brook to a hole dug at the dri l l ing site, because it froze i n  the 
water p ipes l a  id out for pumping. We had also some trouble th rough 
the freezing of the rubber tubes which led water and steel gr i t  i n to the 
top of  the machine .  This we prevented by placing a stove i n  the dr i l l ing
shed and a big box on the roof above the opening for the water-swivel . 
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I n  th is  way we con trived to  fin ish dr i l l ing the last  hole .  Dri l l ing 
work in Spitsbergen should cease about  Septem ber 1 0, i f  n ot , a covered 
and heated dr i l l ing derrick wi l l  have to be used.  This wil l ,  however, 
be more expensive .  The sites for hoIes to be dr i l led in  the autumn  
should be chosen at points where water from l akes or streams com ing 
from beneath the glaciers i s  found in  the neighbourhood,  because a l l  
other sma l l  streams wi l l  d isappear as soon as  the frost sets i n .  

Even though t he  greatest care be exercised there i s  r isk o f  th e 
hole freezing .  Perhaps the dr i l l ing tools stick fast i n  fal l  ing stone ,  or  
the pump may be put out of  action for a whi le ,  so that d ri l l ing comes 
to a standsti l l . To e l im inate th e risk of  a water stoppage there should 
always be a hand pump al l  ready for coupl ing i n  at  each dri l l ing s i te .  
One  should always be prepared for the freezing of the ho le  and for 
a momentary t hawing of the ice .  Large hot-water containers shou ld 
a lways be ready to hand .  Dri l l ing outfits must  inc lude a rubber tube 
of the same length as the deepest boreho le ,  and th in enough to be 
put down th rough the dri l l  rods and coupl ing-boxes. At the same time 
i t  m ust a l so  be ab le  to withstand considera b le  pressure. The coupl i ngs 
must not be n arrower than the rods ,  because in  this case i t  is  d i fficul t  
to pass the rubber tube th rough them . 

We found that  the best way to loosen the dri l l ing tools was to 
pump down boi l ing water (or  sti l l  better ,  steam i f  avai lable) through 
such a thin rubber tube while loweri ng th is th rough the rods. The ice 
within the rods wil l then gradual ly melt away, and the water wil l ascend 
on  the ouler side of the rubber tube, and be brought back to the hot 
water conta iner. At last the rubber tube wi l l  reach the core , where it 
remains unti l the ice is  melted to the bottom ,  and the water ascends 
on the outer side o f  the core-barrel and the rods .  When the ice is 
mel ted , the  tools can be loosened by str iking the heavy lead l igh t ly 
upwards. I t  is  impossi b le  to loosen dri l l ing tools stuck by frost in  th is 
way without previous thawing ,  as  any to ol  wi l l  be rendered useless 
without there being any chance of  l oosening it .  

At our fi rst a ttempt to release the  tools before we were qui te sure 
that  the crown had been frozen fast, we damaged a five-ton j ack-screw.  
We also tr ied to re lease th em by dynamite ,  which was lowered down 
to the core th rough the rods and l igh ted e lectrica l ly ,  but the explosion 
was barely perceptib le at the su rface and resulted i n  nothing at  a l l .  

J f  the borehole is frozen when the dr i l l i ng  tool s are  out  o f  the  
hole ,  which may very easi ly occur ,  the ice m ust be dril led out .  By 
us ing the ordinary crowns for ch i l led shot d ri l l ing or  the  ordinary 
tooth crown th is  dr i l l ing i s  very s low.  For th is  reason specia l ly con
structed ice d ri l I s  of d ifferent s izes should be inc luded in  the dri l l ing 
outfit ,  so that th is work can be done quickly .  
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J f  the above-deseribed preeautions are taken the work can certa in ly 
be  earried th rough wi thout  any great de lay .  With the ord inary outRt 
a lone the result may be a com plete fai lure. 

When the t ime used for thawing and dri l l i ng  in  fal len rock is  
excepted , we dri l led 4.75 metres per twen ty-fou r  hours .  We worked 
i n  two twelve-hour sh ifts with two men on each sh i ft .  

Summary. 

The area belonging to Kings Bay Kul Camp. A lS i s  situated at  
Kings Bay,  Sp itsbergen ,  i n  about 79 ° N Lat. and 1 2  o Long. E of Gr.  
The distance to Tromsø i s  about 1 1 00 ki lometres or  two days and  a ha l f  
by coa l  steamer. The annual  mean  temperature i s  abou t  - 8 0  C ,  and 
the fjord i s  frozen from the end of  October to the m iddle of  J u ne .  Ship
ping operations  can be carried on  from m iddle June to m iddle October. 

The total area of the property is  295 sq . k i lometres, of  which 42 per 
cent . i s  covered with ice .  The southern part of the area incIudes B røgger
h alvøya. This  peninsula is  a rugged a lp ine land with val ley glaciers 
in eirques between jagged crests and summits. The north western part 
of  the peninsula i s  made up of  sediments belonging to the Devonian,  
Carboniferous and Tertiary systems ,  whereas a l l  the  remain ing part of  
the  property area is  made up of  metamorphosed Hecla H oek rocks. 

Along the coast of  Brøggerhalvøya runs a coastal plain with a 
width of  up  to Rve k i lometres. I t  is to a great ex tent eovered by 
marine terrace materia l .  On  th i s  p la in  a sma l l  Tertiary area in c luding 
coal seams occurs i n  the m iddle part  of the northeastern coast towards 
K ings Bay. The length of  th is field is  between six and seven ki lo
metres, and the width i n  the western part is  up to 1 1 00 metres . The 
a rea i s  about 4 .5 sq .  k i lometres and i s  to a great  extent covered by 
marine clay and gravel ,  moraines ,  river deposits , and debris .  For [his 
reason the examination of the ReId has requ ired much explorat ion work. 

The glaciers are all va l ley glaciers not reach ing  the sea,  wi th the 
exception o f  Kongsvegen ,  Kongsbreen and Blomstrandbreen ,  wh ich  issue 
from extensive ice areas and debouch i nto the sea with ragged term ina l  
fron ts ,  from which calving is  going on throughout the summer .  

The val leys are a l l  U-shaped, g la  e ier  carved va l leys ,  and on  ly  a 
few of them are free from ice. The rivers have a considerab le  flow 
of water on ly in  the spring and the ear ly  summer .  On ly some smal l  
lakes occur. The m ining company got  water for the household and work
ings from a smal l  lake ,  Tvi l l ingvatnet ,  situated in the m iddle of the 
coa l  Reid .  This  lake never freezes to the bottom .  

The 66  km long  coast l i ne  is embayed. Twelve ki lom etres are 
made up of glaeier wal ls ,  and 25 k i lometres form a steep cl i ff  from 
six to ten metres h igh .  
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T h e  s o i l  a t  K i ngs B a y  i s  very poor ,  a nd  t h e  vegeta t ion  on l y  
t r i fl i ng. T h e  ground i s  frozen down t o  abou t  1 50 metres ,  a n d  on ly  th e 
upperm ost fi fty to se vent  y cen t im etres t h aw  i n  the  su m m e r. 

The o ldest  rocks a re meta m orph ')sed H ecla H oek l i m estones ,  m ica 
sch ists ,  and quartzites with a total t h ickness o f  abou t  6000 m etres .  
These rocks ,  o f  wh :ch the  exa et age i s  s t i l l  unknown , occupy the 
wh ole  southeastern part o f  Brøggerha l vøya  and the part of t he  property 
a rea  si tuated east and  n orth o f  the  fj ord .  

I n  the  western part of B røggerh a lvøya i s  found a ser ies of  Devon ian  
conglomerates ,  sand stones ,  and  sha les  rest ing  wi th angular  unconformity  
o n  the Hecla H oek .  The  Devon i an  rocks are most ly of a red  colour 
and con ta i n  m uch m ica ,  g iv ing the  bedd ing p lanes a s i lver hue .  The  
tota l  th ickness  i s  m i n imum 300 metres .  The  Devonian now seen i n  
t h e  western part  o f  t h e  pen insu la  i s  certa in ly  a l so  a t  present connected 
with the Devon ian east  of K ings Bay th rough Devon i an  strata on 
the bottom of  the fj ord .  The sequence probab ly  be longs to Lower 
Devon i a n .  

At  Forl andsunde t  the  Devon ian  i s  m i ss ing ,  and  a sequence of  Cu lm  
sandsto nes and  conglomera tes rests wi th angu l a r  unconformi ty on the 
H ecla Hoek m i ca sch i s t .  The l ower part of  this sequence inc ludes a 
b lack s h a l e  ho ri zon  conta in ing  a n  impure coal sea m .  

T h e  Cul m in  t h e  west and  t h e  Devon ian  i n  the  east a r e  overl a i n  
by  l i ttoral and  mar ine ,  l imy  beds  of  Midd le  Carbon i ferous age .  The  
men tioned strat igraph ical  condi t ions must  be exp l a i ned  by  an  o ld  fau l t  
a long wh ich the  eastern s ide  has  been rel at ivel y l owered i n  l a te r  
Devonian so tha t  th e  Devon ian  strata have  been  eroded on the  western 
s ide of the fau l t  before the deposi t ion o f  the Culm took place.  In post 
Cul m t ime  the western part has  s u nk  and the Cul m strata h ave been 
eroded away east  of the  faul t .  Duri ng  the fol l owing submers ion of the 
land the Midd le  Carbon i ferous was  depos i ted on  Devonian east of the 
fau l t  l i n e  and on Culm west of i t .  

The Midd le  Carbon i ferous strata and the Cyathoph yl lum Limestone 
wh ich fol lows concordan t l y  upwards ,  are toge ther  450 metres th ick ,  
and  uppermost  a ser ies  of  chert ,  cherty l i m estones ,  cherty s h al es  form 
the upper part  of the Upper Carbon i ferous sequence.  The uppermost 
part of  th is  cherty ser ies ,  wh ich i s  about  250 metres th ick,  i s  made 
up  of  a 40 metres th ick g la ucon i t ic ,  green sandstone with layers of 
chert .  This sands tone i s  the youngest rock in  the western part o f  the 
pen insu l a .  On  l y  in  the  sma l l  coal fie ld  a re s t i l l  younger rocks found .  
H ere mar ly  sha l e  and c 1 ay s tone  r e s t  d i � cordan t ly  upon the g laucon i ti c  
san dstone wi th a th i ckness o f  up to about  50 metres .  Th i s  sha le  and  
c 1aystone horizon , wh ich I h a ve  n amed the  Bottom Sha le ,  may  perhaps 
be o f  C retaceous age . Concordantl y a bove t he  Bot tom Sha le  fol l ow 
abou t  200 metres o f  conglomerates ,  sandstones ,  sha l es ,  a n d  coal seams  
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of  Pal eocene and possibly Eocene age , probably corresponding on ly 
to the lowermost Tertiary beds at the  lee Fjord .  

The structural condit i ons with i n  the property area are rather en
tangled . During the Si lur ian m ounta in folding per iod the H ecla Hoek 
rocks were strongly folded and metamorphosed . From then to 
Tertiary t ime no  great tectonica l  d isturbances have taken place , except 
as  b lock movements now visible as unconformities and m issing series 
o f  strata . 

The last great tecton ical  disturbance, which has  given the younger 
rocks the ir  present structural appearance, took p lace i n  younger  Tertiary 
t ime .  Owing to pressure from west-south west a l l  the younger  strata 
and also part of the Hecla Hoek were overfolded and t hrust in an  
easterly d irection .  During t h i s  thrust ing t he  younger rocks on  the 
northeastern s ide of  the th rust plane were covered with older rocks. 
This was the case with the now exist ing Tertiary field. During the 
strong pressure ,  part of  the earth crust, now form ing the western part 
o f  Brøggerhalvøya,  sank down towards the presen t  Forlandsund ,  and ,  
owing  to the great resistance o f  the  partly eruptive b lock in  the  north 
east, the northeastern part of the folded strata was overthrust towards 
the south west in  proportion to the sunken block between the two 
th rust planes. The lower and upper l imbs  of the northeastern thrust 
seem to have moved about a pivotal axis somewhere under Austre 
Brøggerbre ( Eastern Brøgger Gl acier) . 

When fold ing and thrusting  had been accompl ished a period o f  
fault ing took place owing  t o  the  cessation of t he  pressure. Part of  t h e  
coast a long Forlandsundet and down the  western coast of Spitsbergen 
broke down,  and another Graben was forrned a long Kings Bay and  
south  to the  lee F jord .  Between two branches of the ma in  fau l t  a long 
the southern side of  Kings Bay,  one of  wh ich i s  seen to cut th rough 
the fold in  Zeppe l ir:fje l le t ,  severai north-south-going fau l ts were formed . 
These faults form , broadly speaking ,  a step faul t  had ing  with the dip 
from Schete l igfj el le t  eastwards ,  and div ide the coal fie ld i n  t o  separated 
a reas from east to west named østfeltet , Agnesfeltet ,  østre Centerfel t ,  
Vestre Centerfel t ,  Vestfeltet and Lagunefe l tet .  The lat ter i s  separated 
from Vestfel te t  by a branch of the ma in  fau l t  a long the fj ord .  

That the  Tertiary field has  been preserved down to the  presen t  
t ime is on ly d u e  t o  the fold ing, thrust i ng a n d  faul t ing descri bed above .  
I t  has origina l ly  been of  a far greater extent  and probably coherent  
with the Tertiary i n  the central part  of  Spitsbergen .  

I n  the Tert iary sequence severai coal seam s  occur ,  and s ix  of  t hem 
are  of  a th ickness t ha t  m ight render them workab l e  under  favourable 
market condi t ions .  Three o f  these sea ms  are situated i n  the  lowerm ost 
20-40 m etres of the sequence ,  namely  from below : Ester ,  Sofie and 
Advokat seams .  About  70 metres above the l atte r l ies the Agnes- Otel ie 
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Seam ,  and i n  the upper par t  of  the sequenee j osefine and Ragnhi ld 
seams are found .  

Ester Seam is  the m ost i mportant .  I t is  found over  an a rea of  
about  4 .09 sq .  ki lometres ,  w i th  a total quant i ty of  coa l  of  about  6 .52 mi l l . 
tons ,  of whieh about 4 mi l l .  tons a re supposed to be workable .  

Sofie Seam is  seareely workable in  the  western part  o f  Vestfeltet 
and in Lagunefeltet. Where known i t  is  more i rregular than the Ester 
Seam.  I ts eoal area is  about 3.35 sq .  k i lometres, with a total quantity 
of  eoal o f  about 4 mi l l .  tons ,  of  which about 1 .85 mil l .  tons are supposed 
to be workable .  

Advokat Seam varies sti l l  more,  and is on ly fouod  with a tolerable 
th ickness in  Østfeltet, Agnesfe l tet, and the eastern part of  østre Center
feit. The seam eontains severai parti ngs and i s  rather im pure.  It is 
extended over about 0.7 1 sq. ki lometres with about 0.95 mi l l .  tons of 
eoa l .  It may be doubted whether the seam is  workable at a l l .  

The Agnes-Otel ie Seam is exh austed in  Agnesfeltet and i s  now 
only found in  the a reas farther west. The seam is  fa ir ly regular ,  but 
the thiekness is  rather smal l .  The seam is d iv ided by one or two stone 
partings . I t  extends over about 2.38 sq .  k i lometres, and the quantity 
of  coal is calculated at about 2.46 mi l l .  tons. The workabi l i ty i s  doubtfu l  
at the present  l ow market prices. 

The j osefine Seam is  exhausted in  østre Centerfelt and is  now 
present only in  the areas farther west. The seam has ,  however ,  not 
been examined here. It is  probably extended over an a rea of about 
1 . 1 2 sq.  ki lometres with a total quantity of  coal o f  about 1 .48 mil l .  tons .  
I t  i s ,  however, doubtful whether the seam can be worked wi th  profi t 
owing to i ts being toa c10se to the surface. 

The Ragnhi ld Seam is  found in  østre Centerfe l t  and the areas farth er 
to the west. The eoal a rea is  about 0.78 sq .  k i l ometres, and the  quantity 
of eoal about 0 .68 mi l l .  tons. The workabi l i ty is at  presen t doubtfu l .  

The total quantity of  eoa l  in the whole fie ld is ealculated to be 
about 1 6.2  mi l l .  tons ,  of  which about  6 .58 mi l l .  tons may be regarded 
as workable .  

The qual i ty of eoal from the d i fferent seams  does not  vary mueh.  
A l l  seams  conta in coal very r ich in  hydrogen and volat i l e  matter ,  and 
must be elassified as gasflame coal .  The content  of  volat i le matte r is 
from 37 to above 4 1  per cent . ; and up to 49 per cen t .  in  ash-free 
eoa l .  By low-temperature d ist i l lat ion they yield from 1 6 .6 to 22.7 per 
cent .  crude o i l  or  tar . The ash content i s  high , mostly from 1 0  to 1 5  
per cent .  

Al l  the coal seams  are of  autoeh thonous origin forrned from m oors 
of  a somewhat l imited extent .  

The min ing  meth od used was the room and pi J lar method with 
d ri l l ing and blasting. Coal has been exported from six d ifferent  m ines ,  



G E O LOGY OF T H E  K I N GS B A Y  R E G I O N ,  S P I T S B E R G E N  1 9 1  

ane on the J osefine  Seam ,  three o n  the Agnes-Otelie Seam , and twa 
on  the Ester and Sofie seams. From the m ine  the eoal was tipped on 
a dump,  whenee in the summer i t  was run on to a loading bridge by 
railway and tipped di rectly on baard the eol l iers ,  whieh were usua l ly  
of  a d .  w. of about  3000 tons .  I n  a l l  833 864 tons have been exported 
from Kings Bay from 1 9 1 6  to 1 929. 

The co al  oecurrenee was first discovered in 1 6 1 0  by Engl ish wha lers ,  
and in  1 868 the eoal was used for the fi rst t ime for raising steam in 
the  Swedish steamer Sofia. The  eoal fi eld was e la imed in  1 90 1  by 
a jo in t  concern from Bergen ,  and i n  1 909 an expedit ion sent out by 
C hr. Anker ,  Fred rikshald cla imed an  area around Kings Bay ine lud ing 
the eoa l  fie ld .  Mining operations were commenced i n  1 9 1 6  by  Peter 
S .  Brandal ,  and the same year the m in ing rights were transferred to 
Kings Bay Kul Comp. A lS. This company worked the field a lmos t  
without any break unti l  the  autumn of 1 929, when work  was  suspended 
owing to misfortune  and low market prices. 

The mines are now fi l led with ice, but a sm al l  wateh has been 
reta ined to look a fter the mining cam p .  

1 3  
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