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STRESZCZENIE

Praca niniejsza opiera sie na wynikach badan autora przeprowadzonych w Ziemi
Torella na Spitsbergenie w czasie pierwszej polskiej wyprawy spitsbergenskiej
w 1934 roku. Tekst przygotowany poprzednic przed wojna ulegl wraz ze zbiorami
zniszezeniu w 1939 roku i obecnie zostal napisany ponownie na podstawie ocalalych
notatek.

W czesci pierwszej pracy (w jezyku polskim) cpisana jest zastosowana metodyka
prac geologicznych prowadzonych w czasie wyprawy bez mapy topograficznej ale
z wykorzystaniem réwnolegle wykonywanych zdje¢ fotogrametrycznych. Obserwacje
geologiczne byly w terenie lokalizowane na szkicach nawgzujacych do panoram
fotogrametrycznych. Nastepnie zostaly one naniesione na stereogramy, a z nich
na mape fotogrametryczna 1:50000 opracowana przez A, Zawadzkiego.

Druga cze§é pracy (w jezyku angielskim) daje przeglad stratygrafii i tektoniki
opracowywanego terenu. Badaniami zostala objeta gléwnie péinocno-zachodnia
i czegSciowo centralna cze$¢ Ziemi Torella oraz przylegajaca do niej od zachodu
cze$é Ziemi Wedel-Jarlsberg. Wzdluz gléwnego pasma goérskiego rozdzielajacego te
ziemie przebiega strefa intensywnych faldowan trzeciorzedowych. Mozna tutaj wy-
rézni¢ cztery faldy lezace (jednostki tektoniczne Midferhuken, Berzeliustinden,
Saussureberget i Supanberget) rnasuniete jeden na drugi 5 do 8 km w kierunku
wschodnim. Na przedpolu tych faldéw, zachodzacych na siebie kulisowo przebiega
strefa okolo 10 kilometrowej szerokcéci zbudowana gléwnie z triasu, silnie zaburzona
tektonicznie. Mozna tutaj wyréznié cztery faldy o sko$nym przebiegu, najsilniej za-
burzone w obszarze zachodnim i stopniowo zanikajgce w kierunku SSE. W jadrach
dwéch sposréd wymienionych faldéw odslania sie dolny perm.

Formacja Hecla Hoek nie byla przedmiotem szczegolowych badan stratygraficz-
nych. Pokrywajgca ja niezgodnie seria mlodopaleozoiczna Ziemi Torella zaczyna sig
kulmem (200—500 m), ktory stopniowo cienieje ku poludniowi (0—60 m). Karbon
srodkowy wystepuje lokalnie nad Fiordem Recherche i na zachodnich zboczach Zit-
telberget wyksztalcony jako seria czerwonych { ciemnozielonych zlepieficéw (do
200 m miaZszoéci) analogicznych do zlepieficbw z Pyramiden oraz wyzej jako
warstwy przejéciowe (Passage Beds) zblizone do znanych nad Billefjorden. Wyzej
leza goérnckarboriskie wapienie z koralami (Cyathephyllum Limestone) naprzemian
z warstwami grubcdetrytycznymi, noszace plytkowodny i przybrzeiny charakter,
a nad nimi dolnopermskie (ok. 400 m mig2szoéci) skaly krzemionkowe z licznymi ra-
mienionogami (Brachiopod Cherts).

Do triasu dolnego nalezy seria lupkéw i piaskéw hieroglifowych (ok. 400 m)
cieniejaca ku poludniowi (Passhatten — 140 m), Trias Srodkowy i gérny (razem
ok, 400—500 m) w pélnocnej czeSci terenu wyksztalcony jest podobnie jak na Fest-
ningen w postaci grubej serii szarych i czarnych lupkéw z wkladkami ciemnych
wapieni i piaskoweéw z ubogg fauna. Na potudniu cienieje on nieco (Kopernikusfjel-
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let — ok. 300 m) i zawiera obfitg faune amonitowa oraz poziomy ze szczgtkami
gadéw, analogicznie jak w glebi Isfjorden '

Nowo wyrézniona seria retyku i dolnego liasu (50—140 m) oddzielona jest od
gbérnego triasu warstwa zlepierica (Engadinerpasset), lub gruboziarnistych piaskow-
c6w. Sklada sie ona z osaddw estuariowo-jeziornych, w sklad ktérych wchodza szare
i zielonawe lupki z pokladami syderytéw wietrzejacych fioletowo, zawierajace
Estheria, kilka pozioméw piaskowcéw z flora oraz miejscami, w gérnej czesci kom-
pleksu — brekcje kostne. Seria ta wykazuje lokalne zmiany facjalne. Ponad nig lezy
morski gérny lias odnaleziony po raz pierwszy na zachodnich wybrzezach Spitsber-
genu. Nad Bellsundem zlozony jest on ze scementowanej cienkiej warstwy (0.5—0.3
m) otoczakéw skal formacji Hecla Hoek, natomiast dalej na wschedzie i poludniu
gérny lias reprezentuje cienka lawica (0,2—0,3 m) ciemnych fosforytéw zawierajg-
cych amonity toarku, ktére zostaly znalezione w wielu miejscach centralnej czesci
Ziemi Torella.

Jure goérng rozpoczyna kelowej, ktéry lacznie z oksfordem (60—110 m) i dol-
nym kimerydem (130 — 135 m) tworzy malo zréinicowana serie ciemnych, prawie
czarnych lupkéw, wyrézin'ona jako seria Ingebrigtsenbukta. Wyzszy kompleks na-
zwany serig Tirolarpasset rozpoczyna sig cienka warstwg zlepienca (Waweltoppen),
nad ktéra leza ciemnoszare i szare lupki ilaste z pokladami i konkrecjami syderytéw,
zawierajgce faune portlandu (pietra wolzanskiego — 45 m) oraz beriasu (57 m)
i dolnego walaniynu (170 m). Najwyisza cze$é walanzynu tworzy seria Ullaberget
(120 m), skladajaca sie z zielonych lupkéw zawierajgcych kuliste konkrecje mar-
glisto-wapienne oraz wkiadki zlepieficow w gérnej czesci. Nad seriag Ullabergel
rozwinieta jest dolnokredowa seria kontynentalna (116—120 m) zloZzona z pias-
kowcow przewarstwicnych lupkami, zawierajacych flore odpowiadajacy hotery-
wowi i barremowi, W odréinieniu od analogicznej serii profilu Festningen nad
Isfjorden nie zawiera ona wkladek morskich.

Najwyzsze ogniwo mezozoiczne stanowia lupki z Ditrupa (ok. 300 m). Sg to
tupki ilaste barwy ciemnej, przewarstwione piaskowcami i syderytami. Repre-
zentuja one apt i alb.

Kompleks warstw starszych od czwartorzedu konczy gruba (ponad 1200 m)
seria trzeciorzedowa (paleocen i eocen), po osadzeniu sie ktérej nastapily tinten-
sywne ruchy gérotwércze, zapewne w miocenie, Ruchy te byly poprzedzone in-
truzjami dolerytéw wystepujacych w postaci sillow i dajek. Intruzje te w poéinoc-
no-zachodniej czesci badanego obszaru (Berzeliustinden-Zittelberget) wystepuja
jedynie wéréd utworéw karbonu, natomiast w centralnej partii Ziemi Torella
(Jurakammen) przecinaja skosnie lupki goérnej jury, co dla zachodnich wybrzezy
Spitsbergenu zostalo stwierdzone po raz pierwszy.

Zestawienie facji i luk stratvgraficznych w mezozoiku spitsbergenskim wska-
zuje, ze w poludniowo-wschodniej cze$ci Svaibardu istnialo rczlegle cbnizenie
o tendencji do zapadania sie w ciagu swojej historii, Obnizenie to siegalo prawdo-
podobnie az do wyspy Anddy u péinocno-zachodnich wybrzezy Skandynawii.
Oméwione obnizenie wykazuje wiele analogii w rozwoju facjalnym do depresji
mezozolcznej zaznaczajacej sie od Danii przez Skanie do srodkowej Polski. Ana-
logie te s3 szczegélnie dobrze widoczne w rozwoju retyku i dolnego liasu oraz
z poczatkiem transgresji gornojurajskiej.



WPROWADZENIE

Praca niniejsza stanowi dalsza czes$¢ opracowania materialow zebra-
nych na Ziemi Torella w czasie Pierwszej Polskiej Wyprawy na Spits-
bergen w 1934 r.

Wstepne wiadomosei o tych badaniach opublikowane zostaly przez
autora niniejszego opracowania w ,,Przegladzie Geograficznym” (S. Z. Ro6-
zycki 1936a). Opis geograficzny wnetrza nowo poznanego ladu podany
zostal przez tegoz autora w sprawozdaniu z calosci prac wyprawy opu-
blikowanym w 1936 r. (S. Z. Roézycki 1936¢). Wyniki prac kartogra-
ficzno-pomiarowych, wraz z mapa opartg na opracowaniach fotograme-
trycznych, oglosili A. Zawadzki i S. Zagrajski (1935, 1936) w ,,Wiado-
mosciach Sluzby Geograficznej”.

Publikacje pelnego tekstu opracowan geologicznych zlozonych do dru-
ku w 1938 r. przerwala wojna. W czasie bombardowania Warszawy
w 1939 r. ulegly zniszczeniu zbiory i rekopisy prac. Ocalone zostaty tylko
nctatniki terenowe, oryginaly opracowanych map i przekrojow geolo-
gicznych oraz czes$¢ bruliondw pierwszych opracowan tekstu.

W oparciu o te materialy opublikowal autor w 1957 r. dwie prace
o zjawiskach peryglacjalnych w Ziemi Torella (S. Z. Rézycki 1957a,
1957D).

Obecnie przedkladana praca poéwiecona jest zagadnieniom budowy
geologicznej Ziemi Torella oraz roli, jakg odegraly tam mlode ruchy
irzeciorzedowe.

Teksty polski i angielski zawierajg rozng tres¢. W czesci pierwszej —
w jezyku polskim — oméwiony jest przebieg i metodyka prac geolo-
giczno-kartograficznych zastosowana w czasie wyprawy. '

W drugiej czesci — w jezyku angielskim, ktéra ma stuzy¢ jako wpro-
wadzenie do zalaczonej mapy geologicznej poinocno-zachodniej czesci
Ziemi Torella w skali 1:50 000, podany jest przeglad stratygrafii i tek-
toniki zbadanego obszaru w nawigzaniu do pozostalej czesci Spitsbergenu.

Szczegblowy opis calosci zebranych materialéw geologicznych podany
zostanie osobno.
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Wisréd zadan, jakie zostaly postawione przed geologiem wyprawy na
Spitsbergen w 1934 r., miedzy innymi figurowal réwniez punkt ,0 ile
bedzie mozliwe, sporzadzi¢ przeglgdowsg mape geologiczng objetej pra-
cami wyprawy czesci Ziemi Torella”.

Zadanie to bynajmniej nie nalezalo do najlatwiejszych, gdyz zaréwno
zupelnie nieznane warunki pracy, jak i znajdujgcy sie w rozporzgdze-
niu wyprawy w chwili jej wyjazdu material kartograficzny, nie dawaty
podstaw do wykonania zdjecia geologicznego o bardziej $cistym charak-
terze.

Jednak fakt, ze w zespole wyprawy nawigzana byla $cista wspélpraca
z grupa kartograficzno-pomiarowsg, w sklad ktérej wchodzil triangulator
S. Zagrajski i fotogrametra A. Zawadzki, ktérzy mieli wykonaé¢ odpo-
wiednie pomiary i zdjecia dla szczegbdlowej i na Scislych podstawach
geodezyjnych opartej mapy, umozliwil geologowi taka forme zebrania
materialu, ktéra pozwolita pokryé te mape konturami formacji geolo-
gicznych i przyczyni¢ sie w ten sposob do bardziej pelnego poznania
terenu objetego pracami odkrywczymi wyprawy.

Publikowana obecnie mapa centralnej czesci Ziemi Torella przedsta-
wia koncowy efekt podjetej w tym kierunku pracy, ktéra przebiegala
nie bez trudnosci i wykonana zostala dzieki zastosowaniu odmiennych
metod postepowania, niz przyjete przy zdjeciach geologicznych w kra-
jach posiadajacych szczegbélowe mapy topograficzne.

Dlatego tez niniejsza czeS¢ sprawozdania z prac geologa Plerwszej
Polskiej Wyprawy na Spitsbergen w 1934 r. szerzej nieco omawia prze-
bieg procesu zbierania materialéw do powyzszej mapy .i caly tryb jej
sporzadzania, ze wskazaniem gléwnych trudnosci, jakie przy tym po-
wstawaly i drég obieranych do ich poznania.

Zastosowane rozwigzania — mimo uprzednich przygotowan — w prak-
tyce w przewaznej czeSci formowaly sie ,,na goraco”, w czasie wyprawy,
pod bezposrednig presjg wytwarzajgcych sie sytuacji, przy pracy w zu-
pelnie nowych i uprzednio nieznanych z doswiadczenia warunkach.
Dajg one naswietlenie tej problematyki metodycznej, ktoéra staje wobec
geologa w czasie prac w ciggu ekspedycji i by¢ moze, jako przekazane
do$wiadczenie, okaze sie uzyteczna dla innych geologéw, ktorzy beds
pracowali w przyszto§ci w podobnych warunkach.

Podkresli¢ jeszcze trzeba, ze nie chodzi tu tylko o zastosowanie,
tak jak w wypadku wyprawy spitsbergenskiej, powigzania kartowania
geologicznego z pracami fotogrametrycznvmi, ale o caly proces poszuki-
wania rozwigzania i ustalenia wlasciwego sposobu pracy, ktéry w danych
warunkach moze okaza¢ sie najbardziej skuteczny, chociaz odbiega
w poszczegblnych punktach od klasycznych, ogolnie przyjetych metod.
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STAN ZDJEC GEOLOGICZNYCH 1 KARTOGRAFICZNYCH
ZIEMI TORELLA PRZED 1934 R.

Przed przystapieniem do opisu przebiegu zdje¢ geologicznych, aby
zobaczyé je we wlasciwym S$wietle, trzeba chociazby w gl(:)wnych
zarysach zapozna¢ si¢ z poprzedzajacym je stanem badan geologicznych
i kartograficznych tego terenu.
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Mapa geologiczna wycinka poludniowego Spitsbergenu wedlug stanu badan przed
rckiem 1634 (wedlug H. Knothe 1931, w oparciu o mape A. G. Nathorsta 1910,
z aktualnymi uzupelnieniami) Skala 1 :1 500 000 (oryginal 1 :1 000 000)

FH — formacja Hecla Hoek; D — dewon; C — karbon i perm; T — trias; J-K — jura i neokom;
E — trzeciorzed (paleocen i eocen); grube linie przerywane — dyslokacje (uskoki)
Geological map of an area in southern Spitsbergen according to investigations made
before 1934 (according to H. Knothe’s, 1931, interpretation of A. G. Nathorst’s map,
1910, and of more recent data). Scale 1:1 500000 (original map 1:1000000)

HH — Hecla Hoek Formation; D — Devonian; C — Carboniferous and Permian; T — Triassic:
J-K — Jurassic and Neocomian; E — Tertiary (Paleocene and Eocene); thick dotted lines — faults
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W chwili rozpoczecia prac wyprawy w czerwcu 1934 r. dla zadnej
czesci Ziemi Torella nie istniala jeszcze nawet wycinkowa bardziej
szczegblowa mapa geologiczna we wlasciwym tego slowa znaczeniu. Je-
dynie na bardzo ogélnikowej (dla tej czeSci Spitsbergenu) mapie calego
archipelagu, opublikowanej przez Nathorsta w 1910 r. w skali 1 :2 000 030,
w sposbb zupelnie schematyczny byly zaznaczone liniami przerywanymi
dwie dyslokacje o domniemanym charakterze uskokowym w okolicy Fiordu
Recherche oraz hipotetyczna linia przechodzaca przez cala Ziemie Torella
i dzielgca ja na cze$¢ zachodnig, zbudowang z formacji Hecla Hoek
i wschodnig — zlozong z osad6w jurajskich (fig. 1).

Wzdtuz uskokéw w okolicy Fiordu Recherche kontaktowaly ze soba wy-
chodnie trzeciorzedu i zmetamorfizowane skaly formacji Hecla Hoek kolo
Calypsobyen oraz trias i jura widoczne na zachodnim stoku Goéry Berze-
liusa (Berzeliustinden).

Linia gléwnej dyslokacji rozgraniczajaca zachodnig i wschodnia czesé
Ziemi Torella, traktowana jednoczesnie jako granica miedzy formacja
Hecla Hoek a jura, biegla mniej wiecej przez szczyt Gory Berzeliusa,
obejmowatla gorng cze$é lodowcOéOw Finsterwaldera i Pencka (Finsterwal-
derbreen i Penckbreen) i szla dalej na poludnie mniej wiecej srodkiem
lodowca Paierla (Paierlbreen), wzdluz ktérego dochodzila do Hornsundu.
Od tej linii, na poludnie od okolicy Gory Supana (Supanberget), od-
dzielala sie druga linia uskokowa biegngca na Goére Hyrne (Hyrnefjellet),
lezacg w glebi Hornsundu. Na wybrzezach Hornsundu znane byly miejsca
wystepowania dewonu tworzacego tu, wediug wymienionej wyzej mapy,
jakby soczewkowata wyspe tych utwordéw, lezgcg na granicy miedzy
obszarami zajetymi przez formacje Hecla Hoek i osady mezozoiku.

Mapa Nathorsta ujmowala schematycznie wyniki wypraw szwedz-
kich 1881, 1898 i 1899 r. i opierala sie na obserwacjach zebranych
w poszczegbinych punktach wybrzezy Fiordu Van Keulena i Horn-
sundu, a nie na systematycznych zdjeciach geologicznych, robionych
w skali chociazby najbardziej przeglgdowej.

Narysowana ona zostala zupelnie teoretycznie, na podstawie inter-
polacji miedzy punktami lezgcymi od siebie w odlegltosci przeszio 70 km,
i miala charakter mapy ujmujgcej tylko gléwne rysy budowy Spits-
bergenu w formie pierwszego przyblizenia.

Mimo zupelnie schematycznego charakteru mapa Nathorsta tratnie
ujmowala gléwne zarysy rozmieszczenia formacji Hecla Hoek i mezc-
zoiku, chociaz nie dawala wlasciwego obrazu tektoniki Ziemi Torella.

Na terenie objetym pracami geologicznymi polskiej wyprawy w 1934
roku w sumie wszystkie wyprawy szwedzkie (1882, 1898 i 1899) i nor-
weskie (1918, 1920) dla poludniowego brzegu Fiordu Van Keulena do-
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starczyly danych dla pieciu dosy¢ znacznie oddalonych od siebie (7 do
10 km) punktow leigcych w poblizu wybrzezy (fig. 2). Sa to, wymie-
niajagc w kolejnosci z zachodu na wschéd:

1. Profil falezy nadmorskiej kolo przyladka Reinodden (Przyladek
Rendw), z ktérego opisany zostal perm, trias, jura i kreda (Nathorst 1910a).

2. Odslonigcie triasu i jury w falezie Ingebrigtsenbukta (Zatoka Inge-
brigtsena), gdzie zebrana byla flora opracowana nastepnie przez Nat-
horsta (1910a).

Ay

| JARLSBERG . TORELL LAND

HH

L OLAND

Rozmieszczenie miejsc obserwacji geologicznych na Ziemi Torella i w obszarach
sgsiednicl: dokonanych przed rokiem 1934. Skala 1:1500000. Oznaczenia literowe
formacji geologicznych — jak na fig. 1

Areas in Torell Land and in the adjoining parts of Spitsbergen investigated before
1934. Scale 1:1500 000. Explanations — see Fig. 1-

3. Wychodnie jury gérnej w okolicy Camp Violet, z ktérych zebrana
zostala (wyprawa norweska 1920 r.) pewna ilo§¢ fauny, opracowana
nastgpnie przez Frebolda (1930b).
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4. Wychodnie jury gérnej i neokomu na Heimfjella (Géry Heima)
rozpoznane ha podstawie kilku skamienialosci znalezionych przez gru-
pe triangulacyjnag wyprawy norweskiej 1920 r.

5. Fauna trzeciorzedowa zebrana przez wyprawe szwedzka 1898 r.
na Basilika i powtérnie zbierana przez Norwegoéw w 1920 r.

Dla okolic tego ostatniego punktu istnial jeszcze sporzadzony przez
de Geera (ktéry bral udzial w szwedzkiej wyprawie 1898 r.) szkic
morfologiczny obrazujacy uksztaltowanie powierzchni podloza trzecio-
rzegdu w skali 1:100000, ktéorego odbitke otrzymal geolog wyprawy
polskiej od autora w Sztokholmie juz w czasie podrozy z Polski na
Spitsbergen.

Dla pélnocnego brzegu Hornsundu, lezacego na drugim krancu Ziem:
Torella, informacje o rozmieszczeniu poszczegdlnych formacji byly
jeszcze bardziej skape i ograniczaly sie do wiadomosci o wystepowaniu
formacji Hecla Hoek na Sofiekammen (Grani Zofii) i dewonu na Hyrne-
fjellet.

Wyprawy norweskie 1917, 1918 i 1920 r. organizowane przez Norweski
Instytut Krajow i Morz Lodowatych' (Norges Svalbard- og Ishavs- Under-
s6kelser) pod kierownictwem A. Hoela i A. K. Orvina mialy jako
gléwny cel prace triangulacyjne i topograficzne, a tylko ubocznie zaj-
mowaly sie obserwacjami geologicznymi.

Réwniez wyprawa Grippa 1927 (1927a,b), ktéra przez kilka dni
bawita w Fiordzie Van Keulen, zajeta byla prawie wylacznie obserwa-
cjami glacjologicznymi i nie wniosla zadnych istotnych nowych danych
do znajomosci budowy geologicznej tego terenu.

Wszystkie wymienione w literaturze do 1933 r. punkty obserwacji
géologicznych lezaly jedynie w strefie przybrzeznej fiordu nie przekra-
czajacej 5 km odlegloéci od brzegu morza. Nie zmienialy one w niczym
podstawowych rysow budowy geologicznej Ziemi Torella podanych na
mapie Nathorsta, ktéra do chwili rozpoczecia prac geologicznych przez
polska wyprawe 1934 r. w pelni utrzymywata swoja aktualnos¢.

Reasumujac: zebrany przez poprzednie wyprawy material, miesz-
czacy sie w ramach syntezy Nathorsta (1910a) pozwalal zorientowaé sie,
ze w centralnej cze$ci Ziemi Torella, ktéra miala by¢ gléwnym terenem
dzialania polskiej wyprawy, bedsg wystepowaly formacje mezozoiczne,
sasiadujagc od zachodu ze zmetamorfizowanymi seriami formacji Hecla
Hoek. Jednak materialy te nie stanowily punktu wyjscia dla wlasciwe]j
mapy geologicznej, ktorej opracowanie trzeba bylo rozpoczaé¢ od podstaw,
to znaczy od ustalenia zasadniczego pelnego profilu stratygraficznego
dla wszystkich wystepujagcych tu formacji od starszego paleozoiku po-
czynajgc, a konczac na trzeciorzedzie.
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Nie lepiej niz wyjSciowe materialy geologiczne przedstawiala sie réow-
niez sprawa podkladu topograficznego dla zdje¢ geologicznych.

Dla wnetrza Ziemi Torella, do ktérego wkraczala po raz pierwszy
wyprawa polska, oczywiscie nie istnial material topograficzny i geode-
zyjny. Z sgsiadujacych terenow objetych pracami wypraw norweskich
otrzymano przed wyprawg z Norges Svalbard- og Ishavs-Undersokelser
w Oslo jedynie bardzo ogdélnikowg mape przegigdows w skali 1:200 000
(fig. 3), ktéra oddawala giéwne rysy rzezby tego terenu, nie byla jednak
wystarczajagca nawet do celéw komunikacyjnych i nie mogla stanowié¢
podktadu dla zdjecia geologicznego.

Oprocz powyzszej mapy, ktéra ujmowala calos¢ zachodnich wybrzezy
Ziemi Torella, istnial jeszcze szereg drobnych fragmentéw zdjeé i szki-
cow topograficznych, rozsianych w najrozmaitszych pracach specjal-
nych. Do najlepszych sposréd nich nalezala mapa Hamberga w skali
1:100000 dla okolicy Lodowca Nathorsta i Géry Bazylika, mniej do-
kladny szkic tego obszaru sporzadzony przez de Geera, mapa okolicy
Fiordu Recherche 1:50 000 opracowana przez ,,Svalis” oraz kilka frag-
mentarycznych wycinkéw stref morenowych przy czolach: lodowcow
Nathorsta i Pencka zrobionych w czasie wyprawy Grippa w 1927 r.

Calosé powyzszych materialdow kartograficznych w poréwnaniu z ma-
pami topograficznymi, do pracy na ktérych jesteSmy przyzwyczajeni
w kraju, przedstawiala sie bardzo skromnie. Totez projektowane zdjecie
geologiczne w czasie wyprawy, ktére musialo powstawaé¢ bez posia-
danej w reku podstawy topograficznej, wymagalo specjalnego przemy-
$lenia i jak najstaranniejszego przygotowania.

PRZYGOTOWANIA DO ZDJEC GEOLOGICZNYCH
NA SPITSBERGENIE PRZED WYPRAWA

W okresie pélrocznym poprzedzajacym wyjazd wyprawy wykonano sze-
reg roéznorodnych przygotowan, ktore obejmowaly nastepujgce dzialy:

1. Zgromadzenie i zapoznanie si¢ z istniejacg literaturg geologiczng
oraz zrobienie z niej odpowiednich notatek.

2. Przygotowanie prowizorycznego podktadu topograficznego dla ewen-
tualnego zdjecia geologicznego na podstawie zestawienia w jeden obraz
materialéw z wszystkich dostepnych zrodel.

3. Opracowanie wstepne metod przeprowadzenia badan geologicznych,
ktore bedg stosowane w czasie wWyprawy.

4. Praktyczne przygotowanie sie do wykonywania prac geologicznych
w warunkach panujacych na Spitsbergenie — przez szereg préb karto-
wania geologicznego w Tatrach w okresie zimowym.

Pierwszy punkt tego programu dal sie zrealizowaé stosunkowo latwo,
gdyz w bibliotekach Uniwersytetu. Warszawskiego, Panstwowego Insty-
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tutu Geologicznego i Panstwowego Instytutu Meteorologicznego znalazlo
sie duzo publikacji dotyczacych krajow arktycznych. Zawdzieczajac zycz-
liwemu stanowisku prof. dr Jana Lewinskiego, 6wczesnego kierownika
Zakladu Geologii Uniwersytetu Warszawskiego, ktéry poswiecil na ten
cel znaczng cze$¢ skromnych funduszéw przeznaczonych na biblioteke
zakladu, mozna bylo sprowadzi¢ do Polski szereg podstawowych dziet
z zakresu geologii krajéw polarnych (m. in. prace Nathorsta, Nansena,
Holtedahla, Hamberga, de Geera, Orvina, Frebolda, Grippa, Czerny-
szewa itd.). Notatki z kilkudziesieciu przeczytanych dziel zebrane w je-
den tom i odpowiednio posegregowane, daly w wygodnej formie latwo
dostepny material, ktéry mogl by¢ kazdorazowo zabierany na wieksze
wypady w glab kraju i stanowil podreczne 2irodilo dla poréwnania
bezposrednio zrobionych w terenie obserwacji z danymi przytoczonymi
w literaturze.

Tego rodzaju kompendium okazalo sie nadzwyczaj uzyteczne i bylo
jedng z podstawowych pomocy, ktére pozwolily na stosunkowo szybkie
zorientowanie sie w stratygrafii opracowanych terenéw.

Stuszna réwniez okazala sie przezorno$¢ nakazujgca zebranie mate-
rialow nie tylko dla formacji, ktérych wystepowania w Ziemi Torella
mozna bylo sie spodziewaé¢ na podstawie istniejgcej literatury, ale bliz-
sze zapoznanie sie z opisami wszystkich formacji wystepujacych na catym
Spitsbergenie oraz ich typem wyksztalcenia w innych krajach polarnych,
gdzie majg one podobny charakter facjalny i faunistyczny, i z ktérych
moglyby by¢ zaczerpniete odpowiednie dane poréwnawcze.

Pod tym katem widzenia przestudiowane zostaly liczne prace odno-
szgce sie zaréwno do lezacych w sgsiedztwie Spitsbergenu wysp, jak:
Ziemia Po6lnocno-Wschednia (Nordaustlandet), Wyspa Nadziei (Hopen),
Wyspa Edge, Wyspa Niedzwiedzia (Bjorndya), Ziemia Franciszka Joézefa
i inne, ale i dla bardziej odleglych obszaréw, jak Grenlandia, Nowa Zie-
mia, Ural i pélnocna Norwegia (przede wszystkim Lofoty i wyspa Andgy).

Jako wykonanie drugiego punktu prac przygotowawczych w oparciu
0 wymieniong wyzej mape norweska w skali 1:200000 oraz o roézne
mapy morskie i szereg szkicow topograficznych drobnych wycinkéw
terenu, rozsianych w roéznych pracach szczegélowych, sporzadzona zostala
we wlasnym zakresie przez geologa szkicowa mapa w skali 1:100 000
sprowadzajgca do jednego rzutu i jednej skali wszystkie powyzsze mate-
rialy kartograficzne (fig. 4). Mapa ta nie roscila sobie oczywiscie zadnych
pretensji do dokladnosci geodezyjnej, miata jedynie za zadanie ulatwic
orientacje w czasie pracy na wybrzezu przez zebranie wszystkich doste-
pnych danych w jedng calosé. Drugim celem, dla ktérego podjeta zostala
praca nad wykonaniem tej szkicowej mapy, bylo jak najlepsze opanowa-
nie pamieciowe poszczegblnych elementéw rzezby obszaru, ktéry mial
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sig stat terenem badan, i przeprowadzenie wstepnej jego analizy geomor-
fologicznej.

Praktyka wykazala slusznos¢ tego postepowania, gdyz od chwili
zblizenia si¢ do wybrzezy Spitsbergenu caly teren, ktéry ogladaliSmy
wprawdzie po raz pierwszy w zyciu, byt nam juz dobrze ,znany”
i z latwoscig rozpoznawaliSmy poszczegélne szczyty i lodowce, a nawet
i niektdre szczegdly rzezby i budowy geologicznej.

Znacznie trudniej przedstawiala sie sprawa wyboru metod prze-
prowadzania badan geologicznych, a w szczegélnosci zdjecia geolo-
gicznego, ktére mialy by¢ stosowane w czasie wyprawy.

Przed wyjazdem na Spitsbergen, na drodze analizy warunkéw pracy
w krajach polarnych, opartej na przestudiowanej obfitej literaturze
podrézniczej, mozna bylo ustali¢, ze powinny one by¢ najbardziej zbli-
zone do metod stosowanych w obszarach wysokogorskich. Wynikalo
z tego, z2e w gre beda wchodzi¢ przede wszystkim profile i rysunki
zboczy gorskich w nawigzaniu do fotografii oraz lokalnych szkicow
topograficznych réwniez sporzgdzonych przez geologa.

O wiele trudniej natomiast przedstawiala sie sprawa znalezienia
takiej formy postepowania, ktéra pozwalalaby pdzniej nanie$¢ na mape
wszystkie obserwacje geologiczne robione w terenie bez mozliwosci
dokladnego ich zlokalizowania na posiadanym malo dokladnym pod-
kladzie topograficznym lub przy zupelnym jego braku.

Aby znalez¢ wyjscie z tej trudnej dla geologa sytuacji, rozwazone
zostaly wszystkie okoliczno$ci z jednej strony utrudniajace, z drugiej
zaS moggce ulatwiaé proces przeprowadzania badan geologicznych.
Punkt wyjscia dla obranej metody dawal sposéb postepowania stoso-
wany w niektérych obszarach wysokogoérskich polegajacy na rysowaniu
granic geologicznych nie na mapach, ale na fotografiach uprzednio zro-
bionych, a dopiero pdzniej na wnoszeniu ich na podklad topograficzny.
W naszym wypadku nie mozna jednak bylo liczy¢ na fotografie, gdyz
warunki wyprawy nie dawaly mozliwosci ich wywolania juz na Spits-
bergenie i cale opracowanie materialu fotograficznego, z wyjatkiem
niewielkiej ilosci wywolan prébnych, przewidziane bylo dopiero po
powrocie do Polski.

Metoda postepowania w realnych warunkach wyprawy musiala wiec
by¢ rozdzielona na dwie czesci:

1. Zebranie materialow do zdjecia geologicznego dla terenéw poto-
zonych w poblizu wybrzeza Fiordu Van Keulen, dla ktérych geolog ma
w reku jedynie mape przegladowa w skali 1:200000 i szkicowe zesta-
wienie 1:100000, ale dla ktorych istnieja szanse pdZniejszego uzyska-
nia po powrocie z wyprawy podkladu bardziej szczegbélowego, miano-
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wicie znajdujgcej si¢ w opracowaniu mapy norweskiej w skali 1:50 000
(teren wypraw norweskich 1918—1920 r.).

2. Zebranie materialu dla mapy geo.ogicznej wnetrza Ziemi Torella
rownolegle z wykonywanymi jednoczesnie pracami triangulacyjnymi
i fotogrametrycznymi, ktoére w kohcowym wyniku, po uptywie okoio
pol roku po zakonczeniu wyprawy, dadza podklad topograficzny w skali
1:50 000 nawigzany do zdjeé norweskich.

Praktycznie oznaczato to w obu wypadkach zbieranie danych geolo-
gicznych bez wlasciwe] mapy topograficznej w okresie wykonywania
badan terenowych, Jasne wiec bylo, ze proces rysowania mapy geolo-
gicznej i wnoszenia konturé6w wychodni poszczegblnych formacji moze
byé¢ dokonany dopiero kameralnie po powrocie do kraju.

Trzeba jeszcze dodaé, ze zastosowanie szeroko praktykowanej przy
zdjeciach geologicznych przez geologéw polskich metody krokdwek lub
zdje¢ marszrutowych geologéw radzieckich ze wazgledu na specyficzne
spitsbergenskie warunki ierenowe bylo zupelnie niemozliwe. Zasadnicze
trudnoéci pod tym wzgledem wynikaly z duzych deniwelacji, znacz-
nego pochylenia zboczy, trudnosci odliczania krokéw przy posuwaniu
si¢ na nartach po lodzie czy tez przy wchodzeniu na skaty lub wrecz
z obowigzku wykonywania w czasie marszu innych czynnosci, jak
np. ciggniecie san lub przenoszenie ladunkdéw o znacznym ciezarze.
Powaznym brakiem byl réwniez fakt nieposiadania przez geologa tele-
metru, ktéry moglby szereg powyzszych trudnosci usunaé.

Obok tych wszystkich trudnosci istnial jednak i szereg waznych,
sprzyjajacych przeprowadzeniu prac geologicznych w warunkach polar-
nych okolicznosci, wérdd ktérych trzeba wymieni¢:

1) brak szaty rosSlinnej,

2) znaczny stopien odsloniecia terenu w miejscach, gdzie podloze
skalne wylania sie ponad lodowce,

3) dobrg widoczno$¢ nawet na znaczne odleglosci,

4) dzien polarny, ktéry nie zmusza do rozbijania pracy na kroétkie
odcinki dobowe, ale pozwala przeprowadzaé obserwacje w sposéb ciggly
w ciagu dluzszego okresu czasu.

Nawigzanie do robét poszczegblnych grup pomiarowych (triangula-
cyjnej i fotogrametrycznej) bezposrednio w terenie w czasie ich wyko-
nywania, wobec dlugiego okresu czasu, ktérego one wymagaja na opra-
cowanie kameralne, nie wydawalo sie mozliwe. Dlatego tez trzeba
bylo przyja¢, ze w zasadzie geolog sam powinien sporzadzaé szkice
topograficzne calego terenu lezacego miedzy poszczegélnymi punktami
triangulacyjnymi i stanowiskami fotogrametrycznymi, ktérych $cista
lokalizacja zostanie ustalona dopiero pézniej, po powrocie z wyprawy.
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Rozwigzanie w pelni tego problemu w okresie przygotowawczym
przed wyprawg, biorac rzeczowo, nie bylo mozliwe i trzeba bylo na
tym odcinku ograniczy¢ sie do zebrania pewnej ilosci wnioskow i przy-
gotowania projektéw, o ktoérych wyborze mogla dopiero zadecydowac
praktyka. Dopiero stopniowo nabywane w czasie samej wyprawy do-
$wiadczenie pozwolilo wustalic wlasciwy sposéb postepowania, ktéry
formowal sie w miare postepu prac. Przebieg tego procesu ScisSle wigze
sie z caloScia prac geologicznych wykonywanych w czasie wyprawy
i. poszczegblnymi etapami ich realizacji.

Jak duze trudnosci przedstawialo rozwigzanie problemu kartowania
geologicznego w glebi ladu na obszarach silnie zlodowaconych, ocenié
mozna bylo z wynikéw prac innych wypraw i 6wczesnego stanu zdjec
geologicznych na Spitsbergenie. Wszystkie poprzednie ekspedycje bar-
dziej oddalajgce sie od wybrzezy dawaly jedynie malo dokladne szkice
geologiczne badanych przez nie terendéw. Szczegblnie dobrze bylo to
widoczne na mapie geologicznej ekspedycji uniwersytetu w Cambridge
do Ziemi Garwooda z:1932 r., a wiec prawie bezposrednio poprzedza-
jacej prace wyprawy pclskiej.

W $cistym tego slowa znaczeniu dokladne mapy geologiczne istnialy
na Spitsbergenie tylko dla okolic Ny Alesund (Pdélwysep Broggera,
Kings Bay) opracowanych przez A, K. Orvina i dla niektérych kopaln
w okolicy Isfjordu. Wszystkie one byly jednak sporzadzone po uprze-
dnim skartowaniu terenu i przy wspoéludziale licznego personelu pomoc-
niczego, na podstawie ogblnie przyjetych zasad pracy geologa, oraz obej-
mowaly obszary lezagce w bezposrednim poblizu wybrzezy tylko w ma-
tym stopniu pokryte przez lodowce.

Ostatni punkt programu przygotowan wstepnych przed wyprawa
przewidywal praktyczne przygotowanie sig do wykonywania rob6t geolo-
gicznych w warunkach zblizonych do tych, ktére spodziewaliSmy sie
znaleZzé w czasie wyprawy na Spitsbergenie.

W tym celu postanowiono podjgé probe przeprowadzenia zimg ekspe-
rymentalnych prac geologicznych w Tatrach, na obszarze wystepowania
utworéw osadowych. Proba ta zostala zrealizowana w ciggu drugiej
polowy grudnia i stycznia na przelomie 1933—1934 r., jako szereg dzien
po dniu prowadzonych wycieczek geologicznych w rejon polozony mie-
dzy Doling Koscieliskg i Doling Malej Laki z zadaniem powtoérzenia
obserwacji geologicznych dokumentujacych znany przekr6j geologiczny
tego obszaru, opracowany przez F. Rabowskiego.

Préba ta, wbrew panujgcej u nas opinii o niemozliwosci czynienia
obserwacji geologicznych w zimie, wypadla nadspodziewanie pomysinie
i wykazala, ze mimo pokrywy $nieznej i trudnych warunkéw pogody
(w tym czasie po fali mrozéw wypadl okres wiatréw halnych) prace
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geologiczne moga by¢ wykonywane i moze by¢ powtérzona wiekszosé
obserwacji zrobionych w ciggu lata, chociaz wymaga to znacznie wiek-
szego wysilku i nakladu pracy.

Ponadto ta droga zdobyte doswiadczenia dawaly szereg konkretnych
wskazéwek technicznych i pozwalaly praktycznie przygotowaé sie do
pracy w warunkach, zblizonych do tych z ktérymi spotka sie geolog
w czasie wyprawy. Przeprowadzony zostal jednoczesnie dobér sprzetu
terenowego oraz sposobéw jego noszenia i przechowywania w czasie
marszu w terenie gérskim przy niskich temperaturach i zlej pogodzie.
Wyprbébowany zostal réwniez system prowadzenia notatek w wyzej wy-
mienionych warunkach.

Celowosé tego rodzaju przygotowania w pelni sprawdzila sie w czasie
samej wyprawy; pozwolilo ono unikngé¢ wielu trudnoéci i niespodzianek.

METODY STOSOWANE PRZY ZDJECIACH GEOLOGICZNYCH
W CZASIE WYPRAWY

Przebieg robét przy sporzadzaniu -zdjecia geologicznego na Ziemi
Torella potwierdzil obawy, ktére nasuwaly sie przed wyprawa. Do-
piero w wyniku parokrotnych préb i zmian metody pracy, juz w czasie
jej wykonywania, mozna bylo ustali¢ wlasciwy tryb postepowania, ktéry
pozwolil doprowadzi¢ do sporzadzenia mapy geologicznej, dolgczonej
do niniejszego sprawozdania.

W pierwszym okresie badan geologicznych, ktéory trwat okolo dwoéch
tygodni (20. VI-— 2. VII), gléwnym celem bylo zapoznanie siz z dotych-
czas opisanymi profilami, w ktérych ustalony juz zostal wiek poszcze-
goblnych serii. '

Przede wszystkim wchodzit tu w rachube profil z przyladka Reinodden
craz profile na pélnocnym brzegu Fiordu Van Keulena (Ullaberget,
Bravaisberget, Forkastningsdalen) opublikowane w dziele Nathorsta.

Opierajac sie na tych wyjSciowych profilach trzeba byilo tak uzupel-
ni¢ te dane, aby uzyskaé pelny przeglad stratygraficzny wszystkich
serii wystepujacych na Ziemi Torella i zapoznaé sie szczegétowo z ich
skladem litologicznym w stopniu koniecznym dla prowadzenia dalszych
zdje¢ geologicznych.

Przebieg i szczegétowe wyniki prac nad ustalaniem stratygrafii serii
nalezacych do poszczegélnych formacji opisane zostang w dalszej czeSci
sprawozdania z badan geologicznych. W tym miejscu chce jedynie za-
znaczy¢, ze badania stratygraficzne, stanowigce w zasadzie podstawowy
element prac geologicznych, na ktérym opieraja sie dalsze zdjecia geolo-
giczne, w poczatkowym okresie robot musialy byé¢ prowadzone réwno-
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legle ze zdjeciem geologicznym, tak ze przez pewien okres czasu powsta-
waly dosyé przykre sytuacje, gdyz trzeba bylo w szeregu wypadkoéw
kartowac¢ serie, ktérych wiek, a nawet wzajemny stosunek stratygra-
ficzny nie byly jeszcze znane.

Pierwszy dluiszy profil stratygraficzny i oparty na nim przekrdj
geologiczny oraz pierwszy konsekwentnie wiagzacy sie z nim w calosc
odcinek mapy z rozpoznanym wiekiem wystepujacych na nim serii
powstal dopiero w trzydziestym pierwszym dniu pobytu na Spitsbergenie.
Sporzagdzony on zostal bezposrednio w terenie w obozowisku w gérnej
czeSci Lodowca Pencka dnia 19. VII (patrz fig. 6). Jednak trzeba bylo
jeszeze paru tygodni czasu, aby schemat stratygraficzny zostal dostatecz-
nie opracowany i uzupelniony tak, aby pozwalal na szybsze posuniecie
naprzéd zdjecia geologicznego i objecie nim bardziej rozleglych terenéw.
Dtlugos¢ tego ostatniego okresu prac terenowych zadecydowala tez w spo-
s6b zasadniczy o wymiarach powierzchni skartowanej i jako$ci samego
zdjecia.

Postep i wyniki rob6t kartograficznych byly jednak réwniez S$cisle
zalezne od zastosowanych sposobéw pracy, ktére parokrotnie musiatly
byé modyfikowane. °

W przebiegu prac nad sporzgdzaniem mapy geologicznej centralnej
czeSci Ziemi Torella mozna wyrdézni¢é z tego punktu widzenia trzy
gléwne okresy réznigce Sie dosy¢ zasadniczo zastosowanymi metodami
pracy.

W pierwszym okresie (20.VI—4.VII) zdjecia byly prowandzone
gléwnie na wybrzezu poludniowym Fiordu Van Keulena na zachéd od
bazy wyprawy, siegajac az po wschodnie wybrzeza Fiordu Recherche,
craz na péinocnych zboczach grupy gérskiej Berzeliusa i sgsiadujacych
z nig gér.

Zastosowana w tym okresie metoda pracy byla bardzo zblizona do
przvietei u nas w kraiu i polegala przede wszystkim na opisie posz-
czegblnych odslonie¢ mozliwie dobrze zlokalizowanych wzgledem siebie.
Dla odslonie¢ lezgcych w strefie wybrzezy, gdzie przede wszystkim

Fig. 5
Trzy fazy opracowania profilu geologicznego wschodnijej czeéci Foldaksla (897 m
n. p. m,) Skala 1:10 000
A — pierwszy szkic z dn. 28—29. VI. 1934; B — drugi szkic z dn. 1. VII. 1934; C — profil ostateczny
z dn. 4. VII. 1934.
\ Kropkowane — rmnars-ruty z obserwacjami geologicznymi
J ~— jura gérna; R — retyk; T; — trias srodkowy
Course of geological investigation of the eastern part of Foldaksla (897 m. a. s. l.).
Sca'e 1:10000
A — first sketch (28—29. 6. 1934); B — second sketch (1. 7. 1934); C — complete profile (4. 7. 1934)
Dotted lines — course of excursion
J — Upper Jurassic; R — Rhaetian; T; — Middle Triassic
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w rachube wchodzily piekne profile widoczne w $cianach falezy nad-
morskiej i gdzie pomiary odleglosci robione wzdluz waskiego ale plas-
kiego paska plazy wypadaly poprawnie, ten sposéb postepowania byl
zupelnie wlasciwy. Dawal on dobry material zaréwno do celéw straty-
graficznych jak .i kartograficznych.

Zupelnie inaczej przedstawialy sie wyniki pracy na zboczach gér-
gkich. Duzy kat pochylenia zboczy, brak rozwinietej sieci potokéw,
trudno$ci poruszania sie i mierzenia odleglosci w terenach skalnych
lub pokrytych duzymi blokami rumowisk powodowal, ze lokalizacja
poszczegblnych punktéw obserwacji nasuwala duze watpliwosci, a posz-
czegblne szkice i rysunki odstonie¢ okejmowaly tylko drobne frag-
menty niektérych ciekawszych miejsc, gdzie widoczne byly zaburzenia
tektoniczne. Doda¢ do tego trzeba, ze wlasnie w tym okresie roboty
wypadly w terenie o bardzo zlozonej budowie geologicznej z obaleniami
calych serii, wyprasowaniami miedzywarstwowymi i silnymi zakldce-
niami lokalnymi. Rezultaty pracy na zboczach grupy goérskiej Berze-
liusa w pierwszym okresie, mimo duzego wlozonego w nie wysitku, za-
réwno pod wzgledem stratygraficznym jak i kartograficznym byly male,
a nawet w szeregu wypadkéw budzily watpliwosci. Powigzanie posz-
czegdlnych spostrzezen na zboczach w jednag okreSlong calo$¢ stawalo
sie bardzo trudne. Po tygodniu intensywnej pracy z trudem mozna
bylo zestawi¢ fragment jednego przekroju wzdluz polnocnego zbocza
wschodniej czesci grupy gorskiej Foldaksla (fig. 5).

Ocena krytyczna wynikéw pracy tego okresu wykazywala niezbicie,
ze przyjeta metoda postepowania w warunkach wyprawy daje zbyt
male i zbyt powolnie narastajgce wyniki. Z drugiej strony zebrany
material przewaznie odnosil sie do mniejszych lub wiekszych niedo-
statecznie powigzanych ze sobg fragmentéw i skladal sie ze zbyt sche-
matycznych szkicébw odstonieé, lub rysunkéw szczegdlowych — ale
cbejmujgcych tylko  poszczegdlne wycinki odstonieé. Szkice terenowe
(lokalizacyjne) réwniez odnosily sie do zbyt malych wycinkéw terenu:
dlatego moglyby one by¢ uzyteczne do celow kartografii geologiczne]j
tylko pod warunkiem posiadania szczegbélowej mapy topograficznej, ale
nie w realnie wystepujacych okolicznosciach.

Whniosek z tego stanu rob6t mégl byé tylko jeden: nalezy zmieni¢
dotychczasowa metode prowadzenia badan. Byla to kapitulacja ze zlu-
dzen co do mozliwosci stosowania zasad pracy przyjetych u nas w kraju,
gdzie daja one dobre wyniki, ale nie moga by¢ zastosowane w_krajach
polarnych i w warunkach wyprawowych.

Totez drugi okres prac geologicznych na Spitsbergenie trwajacy od
5. VII do 25. VIII zdecydowanie nabral charakteru okresu proéb i szuka-
nia sposob6w przyipieszenia wykonania zdjecia geologicznego.
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Jednoczesnie ulegl zmianie sam teren pracy, gdyz wyprawa wcho-
dzila pelnym swym skladem w glab ladu. O przediuzeniu pobytu geologa
na wybrzezu dla wykonczenia prac stratygraficznych nie moglo juz by¢
mowy zardéwno ze wzgledow technicznych jak i z tego wzgledu, ze
przesadzaloby to brak jego udzialu w pracach na terenie, ktory stanowit
wlasciwy cel badan calej wyprawy — w centralnej czesei Ziemi Torella.

Terenem pracy wyprawy w tym okresie stawalo sie otoczenie Lo-
dowca Pencka, wzdluz ktérego odnaleziona zostala dobra droga komu-
nikacyjna i rozpoznany juz zostal w glownych zarysach jego uklad
umozliwiajacy dosy¢ dobra penetracje terenu. Warunki pracy zmienily
si¢ réwniez. Obecnie caly teren byl w znacznym stopniu pokryty przez
lodowce, sposréd ktérych sterczaly, oddzielajac poszczegélne jezory lo-
dowcowe, grzbiety goérskie czeSciowo pokryte jeszcze przez $niegi. Ska-
liste zbocza w wielu miejscach stwarzaly zle warunki dostepnosci.

Prace pokierowane zostaly obecnie w taki sposéb, aby opracowywac
kolejno wigksze wigzgce sie ze sobg fragmenty profilow, przede wszyst-
kim lezgce wzdluz linii grzbietowych wyniostosci. ’

Praca rozpoczeta zostala od Przeleczy Engadiner (Engadinerpasset), na
ktérej odnalezione zostaly wychodnie dolnej czesci malmu tworzacego
tu niewielks synkline, i posuwana byla stopniowo ku coraz starszym
seriom wylaniajacym sie na zboczach Zittelberget.

Obserwacje byly prowadzone przede wszystkim wzdluz kulminacji
grzbietu, gdyz wzdluz tej linii mozna byfo uzyska¢ najlepszg lokali-
zacje i praca odbywala sie w warunkach wzglednie najwiekszego bez-
pieczenstwa. ‘

Postep dzienny (tzn. w ciggu 10—15 godzin pracy w jednym odcinku
czasu) przy profilowaniu wzdluz linii grzbietowej wynosit okoto 300 m.

Nie byla to zbyt wielka wydajnos¢, ale mimo duzych staran trudno
ja bylo przekroczy¢ nie powodujgec wiekszych luk w obserwacjach.
Jednak profilowaniem wzdluz linii grzbietowych mozna bylo objaé¢ tylko
parokilometrowy odcinek lezacy po obu stronach przeleczy. W miare
oddalania sie od niej grzbiet coraz silniej pokrywaly $niegi uniemozli-
wiajace zupelnie obserwacje geologiczne. Odslonigcia byly widoczne
tylko w stromych skalistych zboczach. Dlatego tez aby kontynuowaé
rozpoczety profil, geolog zdecydowal sie prowadzi¢ dalszy ciag profi-
lowania posuwajac sie mniej wiecej polowa wysokosci zboczy. Nie bylo
to latwe, gdyz wymagalo szerokiego zastosowania wspinaczki poprzez
liczne strefy skalistych grzed piaskowcoéw idacych skosnie do zbocza
i zbudowanych z silnie zwietrzalych skal, ktore nie dawaly dobrego
oparcia dla nogi, ani pewnego chwytu dla reki. Powazine niebezpieczen-
stwo stwarzala rowniez koniecznos¢ przekraczania licznych, intensywnie
w tej porze roku czynnych zlebow lawinowych, ktérymi nieustannie
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Zittelberget

w krotkich odstepach parumi-
nutowych zsuwaly sie $niezno-
skalne lawiny. O jakimkolwiek
zabezpieczeniu, ze wzgledu na
to, ze geolog pracowal zupelnie
samotnie, nie moglo byé mo-
wy. Oczywiscie postep prac w
tych warunkach nie wzrastal,
ale jeszcze malal, czesto do
paruset metréw profilu dzien-
nie. Profilowanie zamierzonego
odcinka od Z. I do wschodniej
cze$ci Gory Zittela zostalo
jednak doprowadzone do koti-
ca, dajagc prawie pelny profil
przez serie jury oraz gornego
i $rodkowego triasu. Zmudna
ta praca, chociaz powoli posu-
wajgca sie naprzéd, pozwolila
jednak juz po okresie tygodnia
sporzadzi¢ pierwszy przekroj
geologiczny okolo dwukilomet-
"rowej dlugosci. Dalszymi wy-
cieczkami i obserwacjami ro-
bionymi u podnéza zboczy
mozna go bylo jeszcze przedlu-
zyé w obu kierunkach, tak ze
dnia 19 lipca udalo si¢ geologo-
wi opracowa¢é¢ przekroj ilustru-
jacy budowe calego pasma gor-
skiego od Wallisberget do Zit-
telberget o dlugosci okoto 8 km.

. Engadinerterget

Fig. 6
Pierwszy prowizoryczny przekrdj geologiczny sporzadzony *w dniu 19, VIIL. 1934 r. przez pasmo Zittelberget-Engadinerberget

Passtratten

Cy — karbon gorny; B. Ch - perm dolny; T — trias; J — jura
mountains between Zittelberget and Engadinerberget, compiled from field observations and

from geological perspectives drawn from distance, (19.7.1934). Scale c¢. 1:25000

Cy — Upper Carboniferous; B, Ch. — Lower Permian; T — Triassic; J — Jurassic

na podstawie szkicéw terenowych i rysunkéw perspektywicznych. Skala okolo 1:25 000

// /",; g Sporzadzony on zostal od razu
/ l’é{;;, - "é po zebraniu materialow, przy
/ /é/f/’, © a pierwszej nadarzajacej sie¢ moz-
/ %/‘4[/ ,g liwogci w ciggu jednego z mgli-
y: /44‘; g stych dni, kiedy wyjscie w te-
s [4‘[’ g ren bylo zupelnie niemozliwe.
((l' 'IllIl.',.ll > (fig. 6).
\‘\‘\\\‘\\““'l £ Przekr6j przez wymienione
"I'h‘l“ﬂ‘ll“‘ E pasmo stanowil niewatpliwy
f’,’l' & pozytywny efekt pracy dajacy
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nie tylko materialy szczegélowe, ale i syntetyczne ich ujecie. Jednak
gdyby taki sam sposdb postepowania zastosowaé do catosci terenu, ktéry
mial by¢ objety pracami wyprawy, trzeba by bylo co najmniej 10 do 12
miesiecy pracy, to znaczy nie mniej niz trzy — cztery pelne sezony let-
nie. Tymczasem geolog mial jeszcze do dyspozycji nie wiecej niz pottora
miesigca.

Ponownie zatem narzucal sie¢ problem zmiany metody pracy przy
prowadzeniu badan geologicznych, jesli w wyniku ich miala powstaé
mapa bardziej rozlegltego terenu. Wprawdzie zatrzymanie sie przy do-
tychczasowym sposobie postepowania na pewno moglo zapewni¢ bardziej
dokladne i szczegdlowe zbadanie niektéorych odcinkéw, ale nie wypet-
niony zostalby gléwny cel, jakim bylo ogdlne rozpoznanie i ewentualne
skartowanie geologiczne calosci terenu objetego pracami kartograficzno-
geodezyjnymi wyprawy,

Trzeba jeszcze bylo liczyé sie z faktem, ze geolog obok swoich prac
byl zobowigzany do szeregu $wiadczen dla grup pomiarowych, gdyz
zaréwno triangulator jak i fotogrametra w zadnym wypadku nie mogli
sie oby¢ bez pomocy fizycznej innych czlonkéw wyprawy.

Totez geolog ze swego czasu musial jeszcze wydzieli¢ pewnag jego
cze$¢ na prace w ramach robét pomocniczych dla grup pomiarowych.
Ta pozorna strata czasu jednak, jak zobaczymy dalej, oplacita sie geolo-
gowi sowicie, gdyz z jednej strony inni koledzy zatrudnieni przy pra-
cach pomiarowych mogli ocenié¢ istotne potrzeby geologa w stosunku
do ich materialu, z drugiej za$§ geolog moégt praktycznie zapozna¢ sie
z zasadami prac fotogrametrycznych, ustali¢c faktyczne mozliwosci
wspélpracy i uzgodni¢ rzeczowo te elementy, na ktérych pédzniej moglo
oprze¢ sie opracowanie (kameralne) wlasciwej mapy geologicznej, oraz
dostosowaé do tych elementéw swoje metody pracy.

Bardzo istotna rzecza bylo réwniez osiagniecie porozumienia co do
elementow zdjecia, ktoére juz w terenie mozna bylo otrzymaé¢ od trian-
gulatora (prowizoryczne okreslenie wzajemnego polozenia punktéw trian-
gulacyjnych) i fotogrametry (sytuacja w terenie stanowisk fotogra-
metrycznych, kierunki dokonanych zdje¢ fotograficznych, polozenie nie-
ktérych punktéw kontrolnych). Dawalo to juz podstawowsg sie¢ punktow
o SciSle okreslonym polozeniu, z ktéra mogly byé powigzane obserwacje
geologiczne i na ktérej mégl byé oparty w dalszym etapie opracowan
kameralnych pdzniejszy rysunek wlasciwej mapy geologicznej.

Juz w pierwszym etapie rob6t geologicznych, jak wspomniano wyzej,
byly stosowane rysunki niektérych fragmentéw zboczy ujawniajace
zywsze zaburzenia tektoniczne.

Scista ich lokalizacja i powigzanie w jedng calo$é napotykalo jednak
na znaczne trudnosei.
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W okresie prac w pasmie Zittelberget — Engadinerpasset (11. VII —
14. VII), po wykonaniu rysunkoéw poszczegdlnych profilowanych szczegé-
towo odcinkdéw, geolog zaczal stosowaé rysunki catych zboczy goér z odle-
glosci wynoszacych od kilkuset metréw do 1 km (najmniejsza odle-
glodé, z ktdrej mozna bylo objaé calo§é pewnego wycinka zbocza) i po-
suwajac sig wzdluz lodowca rownolegle do glownej osi pasma robil

Engadinerbergat |
&)

7
<///

Fig. 7
Flan rozmieszczenia stanowisk, z ktérych byly wykonywane kolejne -szkice perspek-
tywiczne zboczy dla sporzadzenia przekroju geologicznego pasma gérskiego miedzy
Zittelberget i Engadinerberget. Skala i : 25 000
Linia kropkowana — marszruty geologiczne; A-E — stanowiska obserwacyjne; zakreskowane —
obszar objety rysunkiem pesrspektywicznym

Points of observations of slopes of mountains between Zittelberget and Engadiner-

berget. Scale 1:25 000
Dotted lines — couse of excursions; Shaded — areas where geological profiles have been drawn
from distance

szereg rysunkow zboczy. Punkt z ktérego byl robiony dany szkic, obie-
rany byl kazdorazowo w taki sposbb, aby lezal na przedluzeniu linii
rczecigglosci gldwnych elementéw tektonicznych danego wycinka zbo-
cza, w taki sposbb aby na rysunku znajdowaly sie one w jego Srodkowsej
czeSci. Prawy i lewy skraj kazdego szkicu oraz wazniejsze jego punkty
mialy okresSlony azymut (wiza kompasowa) tak, ze wielkos¢ katowa
wigzki obj¢tej rysunkiem byla na nich w przyblizeniu ustalona (fig. 7).
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Tg droga powstawal szereg wiazacych sie ze sobg rysunkéw, w matym
stopniu skazonych perspektywicznie lub w wyniku intersekeji, i ilustru-
jacych dosy¢ wiernie istotny uklad warstw.

Zestawienie szeregu kolejnych szkicow tego rodzaju, przy znanych
odlegiosciach i réznicy wysokosci (pomiary altimetrem) mizdzy punk-
tami, z ktérych byly one zrobione, pozwalalo dos¢ latwo przej$é¢ na
konstrukecje przekroju geologicznego, a z niego nastepnie na rysunek
mapy geologicznej.

Zastosowanie tego rodzaju postepowania pozwolilo po dokladnym
sprofilowaniu odcinka dlugosci 1,5 km na zboczach i na linii grzbie-
towej stosunkowo szybko uzyska¢ obraz budowy calege pasma Zittel-
berget-Engadinerpasset i opracowa¢ pierwszy wyzej wspomniany prze-
kréj tektoniczny dtugosci 8 km. Ta poprawna w zasadzie i dajaca dobre
wyniki metoda calkowicie dajaca sie zastosowaé¢ w warunkach polarnych,
w naszym wypadku, jak juz na to zwrbciliSmy uwage, byla zbyt
powolna dla opanowania chociazby przegladowego calosci rozlegltego
naszego terenu pracy. Podjete wiec zostaly dalsze proby.

Korzystajac z dobrych warunkéw widocznosci i duzego stopnia odsto-
niecia zboczy, geolog zaczal robi¢ szereg szkicow — najpierw stokow,
a pézniej i catych grup gorskich, z coraz wiekszej odleglosci postugujac
sie przy tym lorneika polowg o 8-krotnym powiekszeniu. Pozwalalto
to znacznie szybciej obejmowaé wielokrotnie wieksze odcinki i znacznie
predzej orientowaé¢ sie w ich budowie geologicznej. Poniewaz lornetka
miala kalibrowang podziatke krzyzows, odpowiednie szkice mogly by¢
sporzadzone $ciSle w skali (katowej) na zasadach obowigzujgcych dla per-
spektyw topograficznych bez skazen, ktore dajg zwykly rysunek per-
spektywiczny.

Oczywiscie tego rodzaju perspektywa topograficzna znacznie odbie-
gala od przekroju geologicznego, szczegblnie w cze$ciach peryferycznych,
gdzie odchylenia wynikajgce z rysunku perspektywicznego, nie uzgodnio-
nego z kierunkami rozcigglosci i modyfikacjami spowodowanymi inter-
sekcjg, byly dosyé znaczne. Jednak nawet tego rodzaju rysunki perspe-
ktywiczne znacznie ulatwialy dalsza prace geologa, pozwalajac mu
na planowy wybdr odcinkéw do szczegdlowego profilowania, i dajac
pewien material do lckalizacji obserwacji, a wiec i do mapy geologiczne].

W celu bardziej wszechstronnego skompletowania materiatu doku-
mentacyjnego i umozliwienia uzupelnienia szczegdlow — rownolegle ze
szkicem, z tego samego punktu, kaidorazowo bylo robione zdjecie foto-
graficzne znajdujgcym sie do rozporzadzenia aparatem maloobrazkowym
{Leica 1).

Zdjecia te mialy posluzyé do korekty rysunkéw juz po powrocie do
kraju. W praktyce, z malymi wyjatkami, jak moina sie potem bylo
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przekona¢é, dawaly one z geologicznego punktu widzenia o wiele uboz-
szy material niz szkice, na ktérych mogly by¢ podkreslone wszystkie
geologicznie wazne momenty i wskazane poszczegblne serie skalne.

Nawet w tej formie oddaly one jednak wiele cennych ustug przy
opracowywaniu kameralnym zebranych w czasie wyprawy obserwacji.

Wspdlpraca przede wszystkim z grupg fotogrametryczng nasuneta
geologowi szereg dalszych refleksji i pomystow.

Po pierwsze — nawet najbardziej starannie wykonany szkic perspek-
tywiczny pozostaje daleko w tyle poza geodezyjnie wiernym zdjeciem
fotogrametrycznym.

Po drugie — zdjecia robione zwyklym aparatem fotograficznym wpraw-
dzie pozwalajg potem na korekte szkicu panoramicznego i znacznie lepsze
jego wykonczenie, nie podnoszg jednak stopnia jego dokladnosci, gdyz
same sg obcigzone dosy¢ znacznymi skazeniamli sferycznymi.

Po trzecie — obserwacje lokalizowane na szkicach lub fotografiach
sa trudne do poézniejszego przeniesienia na mape i zawsze beda obcig-
zone licznymi bledami, a nawet moga zawieraé¢ szereg omylek.

Od wszystkich tych wad wolne sg stereogramy fotogrametryczne. Jeze-
liby sie wiec udalo zebra¢ obserwacje geologiczne w taki sposéb, aby
pbziniej mozna bylo SciSle wskaza¢ ich polozenie na zdjeciach fotogra-
metrycznych — to ich lokalizacja na mapie nie bedzie budzila zadnych
watpliwoscei.

Analogicznie przedstawia sie sprawa z przebiegiem granic geologicz-
nych miedzy poszczegdlnymi seriami. Jesli mozna je bedzie wyznaczyé
na zdjeciach fotogrametrycznych, to mozliwe bedzie przeniesienie ich na
mape z zachowaniem wszystkich wymagan dokladnosci stawianych dla
map geologicznych, a nawet w szeregu wypadkéw moze byé osiggnieta
wigksza $cistos¢ niz przy wykonywaniu tych map w oparciu o zwykla
lokalizacje na mapie topograficznej, jak to jest prakiykowane przy pra-
cach w krajach posiadajacych juz zdjecia topograficzne.

Droga prowadzaca do poprawnego zebrania materialéw dla mapy geolo-
gicznej w terenie, w ktérym réwnolegle s3 wykonywane zdjecia foto-
grametryczne, stala sie jasna. Trzeba bylo jedynie opracowaé¢ techniczng
strone tego procesu.

Sformulowany zostal on w sposéb nastepujacy:

1. Nalezy wykona¢ mozliwie z kazdego stanowiska fotogrametrycznego,
lub w jego poblizu lezgcego punktu, perspektywiczny szkic geologiczny,
ktéry pozwoli przy opracowywaniu kameralnym ustali¢ przebieg granic
poszczegblnych serii na fotostereogramach.

2. Wystarczajacy bedzie jeden perspektywiczny szkic geologiczny dla
danego stanowiska fotogrametrycznego, poniewaz wskazanie przebiegu
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granic geologicznych nawet na jednej grupie fotostereogramow (,,pra-
wej” lub ,lewej”) pozwala na ich lokalizacje.

3. Nalezy rozpoczyna¢ prace geologiczne przy rozpoznawaniu poszcze-
gbélnych grup gérskich polozonych miedzy jezorami lodowcow od ogdlnego
szkicu perspektywicznego ze znacznej odleglosci (ok. 3—5 km), podobnie
jak zdjecie fotogrametryczne.

4. Ogolny szkic perspektywiczny ze stanowiska fotogrametrycznego
nalezy traktowa¢ jako podstawe do lokalizacji na nim wszystkich dalszych
obserwacji geologicznych.

Do tego dochodzily jeszcze dalsze dezyderaty geologiczne:

5. Po ustaleniu podstawowego schematu stratygraficznego i przy
orientacji w cechach geomorfologicznych skal poszczegéluych serii,
nalezy postawi¢ wstepng hipoteze co do formacji geologicznych wcho-
dzacych w sklad danego pasma oraz jego tektoniki.

6. Na podstawie ogdlnego rozpoznania z odleglosci pasma gorskiego
wstepnie ustali¢ przebieg poszczegdlnych serii (nawet o ile nie znany jest
jeszcze ich wiek) i z gory przygotowaé¢ sobie plan dzialania po zblize-
niu si¢ do tego pasma w taki sposéb, aby przeprowadza¢ obserwacje
szczegblowe w miejscach najbardziej celowych — rozstrzygajgcych
watpliwosci oraz dokumentujacych najbardziej istotne odcinki.

7. Dla profilowan drobiazgowych jeszcze przed dojsciem do pasma
wybraé¢ odcinki najwlasciwsze z punktu widzenia ich pelnosci i powig-
zania z innymi formacjami, polozone w miejscach najdogodniej dostep-
nych — i lezace na z goéry zaplanowanych najkorzystniejszych dla
obserwacji geologicznych liniach marszrut.

Powyzsze zasady zastosowane zostaly w peilni dopiero w trzecim
okresie prac wyprawy — poczynajac od dnia 29. VII. Pozwolily one
szeroko wykorzysta¢ wszystkie poprzednio zdobyte doswiadczenia i wia-
domosci z zakresu stratygrafii. Od chwili sprecyzowania powyzszego
sposobu postepowania rozpoczal sie wlasciwy okres wykonywania zdje¢
geologicznych, w wyniku ktoérych powstala dolgczona do niniejszej czesci
sprawozdania mapa geologiczna.

Najlepsze wyobrazenie o zmianie metody pracy daje zestawienie licz-
bowe ilosci obserwacji i réznego rodzaju rysunkéw wykonanych w okre-
sach dziesieciodniowych (dekadach) intensywnej nieprzerwanej pracy, nie
zakl6zonej innymi czynnoséciami, wzietych przykladowo z trzech réznych
faz pracy geologa w czasie wyprawy (tab. 1).

Z zestawienia tego wida¢, ze ilo§¢ obserwacji geologicznych w ciggu
dekady utrzymuje si¢ mniej wiecej na tym samym poziomie (61—72
obserwacji). Zdecydowanie natomiast zmienia sie ilo$¢ rysunkéw w poszcze-
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Tabela 1
B - z . Rysunki waz- R Ki
Okres pracy anotowane niejszych ysun
{ wybrana dekada obserwacje | fragmentéw zboczy zzy:ﬂac:‘:e
geologiczne |budcwy geo-| calych gor | § g
) leg czn«e
i !
Okres pierwszy | Prace na | ‘ I
(23. VI —4. VII) | wybrzezu
Dekada 61 7 14" —
25.VI —4.VII
Okres drugi 1 wyprawa ' ’
(1. VII—22.VID) | w glab ladu ; | .
Dekada 64 : 11 12 2 )
11— 20.VII ’ i
| :
i S S !
| Okres trzeci I wypra- | '
i (20.VII—24.VIII) | wa w glgb .
: : ladu | i :
Dekada ! |
3—12.VIII | 72 3 12 5
I
i Dekada ;
: 13—22.VIIL | 63 2 ! 11 6

*) Rysunek jednego fragmentu zbocza czterokrotnie powtarzany.
**) Panoramy geologiczne wykonane jako prébne.

26lnych ich grupach. Maleje ilo$¢ rysunkow fragmentéw z 7—11 w dwéch
pierwszych okresach na 2—3 w koncowym.,

W ciggu drugiego okresu ustala sie zasada rysunku calych zboczy
gér i juz niezmieniona trwa do konca prac geologicznych wyprawy
(11—12 rysunkdéw calych zboczy gorskich w ciggu 10 dni). Panoramy
geologiczne — zrobione probnie w czasie drugiego okresu rob6t — w trze-
cim okresie juz stosowane sg jako regula (5—6 panoram w ciggu dekady).

Na podkre$lenie zastuguje jeszcze fakt, ze charakter obserwacji zwia-
zanych ze szczegélowymi rysunkami wybranych fragmentéw réwniecz
ulegl zasadniczej zmianie. O ile w pierwszym okresie wigzg sie one z pro-
filami obejmujacymi kilka lub najwyzej kilkanascie warstw, to w drugim
okresie juz w 7 wypadkach na 11 majg one do kilkudziesieciu wyréz-
nionych warstw, a w ostatnim okresie jest ich nawet w jednym ze szcze-
gélowych profilow 122 (profil Jurakammen-Granki Jury) przy czym
profil ten ma 23 poziomy, z ktdrych zebrana zostala fauna.

Zmiana ta nie jest rzeczg przypadku, ale wynika z tego, ze odcinki do
szczegblowego profilowania wybierane byly przy ogladaniu pasm gér-
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Fig.'8
Trzy fazy opracowania szkicu topograficznego dla celow geologicznych w ckolicaci Gér Richthofena (Z. 2 — Geografryggen,.
z. 5—z. 9 — Tvirdysegga)
A — szkic odregczny (kompasowy) autora; B — szkic autora nawigzany do punktéw triangulacyjnych z poloZzeniem prowizorycznie przeliczo-
aym przez triangulatora w terenie; C — wycinek tej samej czesci terenu z mapy fotogrametrycznej A. Zawadzkiego (opracowanie kameralne)
Skala 1: 100 000 (oryginat 1:50 000) Poziomice co 100 m. Na lodowcach poziomice przerywane, na powierzchni skat — ciagte
Course of topographical survey of the author preceeding the preparation of geological map in the environs of Richthofen-
berget (Z. 2 — Geografryggen, Z. 5—Z. 9 — Tvirdysegga)
A — first sketch; B — sketch coordinated with the preliminary triangulation net; C — photogrammetric map of A. Zawadzki, Scale 1 : 100 000
(oryginal map 1: 50 000) Isohypses cvery 100 m., on glaciers marked by dotted lines
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skich ze znacznej odleglosci i dzigki temu praca od razu mogta by¢ skiero-
wana w miejsce, gdzie profil przez dang serie byl najpelniejszy i gdzie
go mozna bylo wykona¢ w najbardziej dogodnych warunkach.

Przytoczone wyzej cztery dekady w duzym stopniu charakteryzujg
calosé przebiegu prac geologicznych, gdyz przypada na nie lacznie 29 dni
obserwacji geologicznych (po 7 dni w pierwszych trzech dekadach
i 8 w ostatniej) z ogoélnej liczby 36 dni, w ciggu ktérych mogly byé one
wykonywane w czasie 70-dniowego pobytu na Spitsbergenie. Pozostaly
czas — 34 dni — przypada na czynnosci transportowe i organizacyjno-
techniczne, jak ciggnienie san, przenoszenie rzeczy i pakowanie sprzetu
i ekwipunku, zakladanie i zwijanie bazy, inne prace pomocnicze oraz
przymusowa bezczynno$¢ z powodu panujacej mgly.

W sumie dla celéw mapy geologicznej wykonane zostalo w ciggu tego
czasu:

15 panoram geologicznych,

40 rysunkéw catych zboczy gér,

32 rysunki wazniejszych fragmentéw struktur geologicznych i szcze-
golowo profilowanych odcinkdw,

okolo 320 obserwacji geologicznych ujetych opisowo,

280 pomiardw upadéw i rozcigglosci.

Liczba powyzsza nie obejmuje jeszcze obserwacji glacjologicznych
i czasu poswieconego na robienie zbioréw botanicznych, co réwniez nale-
zato do obowigzkéw geologa.

Postepy robét i ich wydajnos¢ w zaleznosci od zastosowanych metod
pracy ilustruja rowniez wymiary terenéw objetych obserwacjami geolo-
gicznymi w poszczegdlnych okresach wyprawy:

Okres pierwszy (prace na wybrzezu 23. VI—4. VII) ok. 20 km?

Okres drugi (pierwsza wyprawa w gigb ladu 7. VII — 22, VII) ok. 60 km?

Okres trzeci (druga wyprawa w glab ladu 29. VII — 24. VIII) ok. 410 km?
Koncowe uzupelnienia na wybrzezu (25. VIII — 28. VIII) ok. 10 km?*

Calo$¢ skartowanego geologicznie obszaru wynosi okolo 500 km?, z tego
okolo 300 km? na terenie objetym pracami kartograficznymi polskiej
wyprawy oraz okolo 200 km? na przestrzeni lezacej miedzy tym terenem
i Fiordem Van-Keulena.

Dla wlasciwej jednak oceny warunk6w pracy trzeba przypomnieé, ze
odbywata sie¢ ona w ciggu dnia polarnego, przy nieustannie $wiecgcym
sloficu, co pozwalato przedtuzaé czas pracy przecigtnie do 15—20 godzin,
a w pojedynczych wypadkach nawet do trzydziestu kilku godzin. Takie
skomasowanie czasu pracy, pozwalajgce zaoszczgdzi¢c wszystkie straty,
ktére powoduje wielokrotne dojscie do terenu badan, powrdt i przy-
gotowanie positkow (zastgpionych suchym prowiantem réwnomiernie
spozywanym przez caly czas pracy) sprawia, ze efekt pracy jednego
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sdnia” (jednego okresu nieprzerwanej pracy) odpowiada co najmniej
2—3, a nawet niekiedy 4 dniom pracy terenowej u nas w kraju,

Na podstawie danych otrzymanych od triangulatora pozwalajacych
ustali¢ wzajemne poltozenie podstawowych punktéw orientacyjnych, ko-
munikowanych przy kazdym spotkaniu z grupg geologiczng w terenie,

" ZIEMIA Y
RDENSHIOLDA?

TYSIAC WYSP,
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Fig. 9
Wycinek mapy geologicznej Spitsbergenu (Rézycki 1936b). Skala 1 :3 000 000

1 ~ granity, gnejsy itp.; 2 — formacja Hecla Hoek; 3 -~ dewon; 4 — karbon; 5§ — trias; 6 — jura;
7 — kreda; 8 — trzeciorzed; 9 — doleryty; 10 — Linie dyslokacyjne (nasuniecia 1 uskoki)

A part of geological map of Spitsbergen (R6zycki 1936b). Scale 1 :3 000 000

1 — granites and gneisses; 2 — Hecla Hoek Formation; 3 — Devonian; 4 — Carboniferous;
§ — Triassic; 6 — Jurassic; 7 — Cretaceous: 8 — Tertiary: 9 — dolerites; 10 — dislocations
ALOW

mozna bylo powigza¢ ze sobg szereg szkicow topograficznych Iobigr,
nych w sposbb zupelnie prowizoryczny przez geologa (fig. 8). —_—

Szkice te sporzadzane byly jako zdjecia kompasowe uzupglpigne
nastgpnie ,,wcieciami” na boki robionymi z bardzo prymityvhesm
stolika ustawionego doraznie na ,statywie” zestawianym 2VHdretzs2 Kpj-!
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kéw narciarskich zwigzanych razem. Mimo calej ogromnej prowizorycz-
nosci tego rodzaju postepowania szkice te, obcigzone olbrzymimi ble-
dami, pozwalaly na orientacyjne notowanie rozmieszczenia obserwacji
geologicznych i stanowily robocza namiastke mapy geologicznej.

Pomagaly one réwniez w notowaniu rozmieszczenia obserwacji geolo-
gicznych uwidocznionych na szkicach perspektywicznych, przyczyniaty
sie do latwiejszego przestrzennego opanowania elementéw budowy
geologicznej terenu oraz ulatwialy w poéiniejszym okresie opracowan
konstrukcje wlasciwej mapy geologicznej.

Skala, w ktorej wykonywane byly te szkice, wahala sie miedzy
1:75000 do 1:100000. W sumie wykonano trzy tego rodzaju szkice
topograficzne*), ktére nie powstawaly jednak jako dorazne rysunki,
ale byly wielokrotnie uzupelnianie w ciggu diuzszego okresu czasu.

Lokalizacja podstawowych punktéw triangulacyjnych, wstepnie prze-
liczonych przez geodete wyprawy juz w terenie, dala sie rowniez wy-
korzysta¢ dla uzupelnienia ,na biezagco” mapy otrzymanej z Oslo.
Punkty te naniesione na biala przestrzen mapy norweskiej 1 :200 000
pozwolily geologowi zrobi¢ szkicowe prowizoryczne uzupelnienie tej
mapy i pokryé ja barwami formacji geologicznych.

Ta droga jeszcze przed zakonczeniem wyprawy powstala przegladowa
mapa geologiczna w skali 1:200000, ktéra dawala ogélny obraz bu-
dowy geologicznej Ziemi Torel'a i byla dla geologow norweskich w cza-
sie pobytu w Norges Svalbard- og Ishavs-Undersokelser w Oslo dowo-
dem wykonanych prac geologicznych. Postuzyla ona réwniez do spo-
rzadzenia mapy przeglagdowej Spitsbergenu (fig. 9) opublikowanej
w 1936 r. (Arktyka, zesz. 2).

PRACE PO ZAKONCZENIU WYPRAWY

Po zakonczeniu wyprawy, w drodze powrotnej ze Spitsbergenu
fotogrametra i geolog mieli mozno§¢é udaé sig¢ do Oslo i nawigzaé oso-
biste kontakty w Norges Svalbard- og Ishavs-Undersékelser z dyrektorem
instytutu dr. Adolfem Hoelem i geologiem dr. Andersem K. Orvinem,
kierownikiem prac geologicznych dla Svalbardu.

Przypuszczenie nasze, ze dla obszaréw objetych wyprawami nor-
weskimi 1918 i 1920 r. istniejg bardziej dokladne mapy, okazalo sie
stuszne. Jednak znajdowaly sie one w stanie niedokonczonych jeszcze

*) Jeden — dla otoczenia plateau lodowego Amundsena i terenéw polozonych na
poludnie od niego, drugi — ktéry obejmowatl calosé Gér Pilsudskiego (Pilsudskifjella)
i ich sgsiedztwo, trzeci — dla grupy gérskiej Richthofena (Richthofenberget).
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rekopi$miennych brulionéw w skali 1:50000 narysowanych otéwkiem.
Oparte byly one na zdjeciach stolikowo-fotogrametrycznych opracowa-
nych bardzo zmudng metodg wcigé.

Po ogblnym zapoznaniu sie z wynikami polskiej wyprawy i oceniwszy
je pozytywnie — dyrekcja instytutu Norges Svalbard- og Ishavs-Under-
s6kelser wyrazila zgode na udostepnienie tych materialéw czlonkom
wyprawy polskiej i polecita przySpieszenie dokonczenia opracowan karto-
graficznych interesujagcych nas terendéw. OtrzymaliSmy obietnice, ze prze-
stana nam zostanie kopia fotograficzna oryginalu mapy norweskiej dla
rejondw sasiadujacych od poélnocy i zachodu z terenem prac wyprawy
polskiej.

Oprécz tego na prosbe geologa otrzymal on zgode na udostepnienie
odbitek zdje¢ fotogrametrycznych norweskich z niektérych stanowisk
lezacych miedzy brzegiem poludniowym Fiordu Van Keulena i skrajem
terenu objetego zdjeciami stereofotogrametrycznymi polskimi.

Poniewaz fotogrametra otrzymal réwniez od Norwegdéw wspéirzedne
dla podstawowych punktéw pomiarowych, ktére pozwalaly na powia-
zanie triangulacji polskiej z triangulacja przeprowadzona w czasie
wypraw norweskich 1918 i 1920 r. — zapewnione zostalo calkowite
powiazanie i uzgodnienie prac kartograficznych wyprawy polskiej z od-
powiednimi opracowaniami norweskimi.

Dla geologa byl to moment niezmiernie korzystny, gdyz dla calego
objetego jego zdjeciami geologicznymi terenu zapewnial moznosé¢ uzy-
skania jednolitego i uzgodnionego podkladu topegraficznego.

Uzyskane norweskie zdjecia fotogrametryczne pozwalaly réwniez,
chociaz czeSciowo, rozszerzyé zastosowanie metody kartowania geolo-
gicznego opartej na fotogrametrii .

Drugg duza korzyscia, kt6ra geolog moégt wynies¢ z pobytu w Oslo,
bylo zapoznanie sie ze zbiorami geologicznymi z poprzednich wypraw
norweskich na Spitsbergen czeSciowo znajdujacymi sie w Norges Sval-
bard- og Ishavs-Undersokelser, a w wickszej cze$ci przechowywanymi
w Narodowym Muzeum Przyrodniczym w Oslo.

Jako materialy poréwnawcze moégl on réwniez przejrzeé¢ kolekcje ju-
rajskie z wyspy Anddy (Lofoty) i chronione jak relikwie narodowe zbiory
Nansena z Ziemi Franciszka Jo6zefa, zebrane w czasie jego slynnej wy-
prawy biegunowej w r. 1895.

Ogromnie cenny by! réwniez kontakt osobisty z geologami norweskimi:
dr. A. K. Orvinem — geologiem Norges Svalbard- og Ishavs-Under-
sokelser, autorem piekiej mapy geologicznej P6lwyspu Bréggera w po-
tudniowej czesci zatoki Kings Bay na Spitsbergenie, posiadajacym wiel-
kie doSwiadczenie w zakresie kartowania geologicznego w- krajach po-
larnych, oraz dr. A. Heintzem — kustoszem Norweskiego Narodowego
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Muzeum Przyrodniczego, ktéry opracowal szereg faun kopalnych ze
Spitsbergenu i Grenlandii.

Oprécz zapoznania sie z materialami z wypraw norweskich i ich ucze-
stnikami w Oslo, geolog mial rowniez moznos¢ nawigza¢ kontakt osobisty
z prof. dr. Gerardem de Geerem w Sztokholmie, ktéry w latach 1898—1900
bral udziat jako topograf i geolog w wyprawie szwedzkiej Nathorsta
i ktéry miedzy innymi pracowal woéwczas we wschodniej czesci Fiordu
Van Keulena w sasiedztwie czola Lodowca Nathorsta i grupy goérskiej
Bazyliki. Prof. G. de Geer bedacy juz wowcezas w podeszlym wieku
z przyjemnosciag wspominal teren swoich prac mlodzienczych i udzielil
szeregu cennych wskazoéwek oraz ofiarowal kilka swoich trudnych juz
do nabycia prac dotyczacych Spitsbergenu.

Po powrocie do kraju geolog zabral sie przede wszystkim do opra-
cowania materialow paleontologicznych zebranych w czasie wyprawy
i na ich podstawie do kontroli schematu stratygraficznego przyjetego
jako podstawa dla jego zdije¢ geologicznych na Ziemi Torella.

Triangulator przystapit do obliczen, a fotogrametra do wywolania zdje¢
i opracowania mapy na stereokomparatorze.

Mniej wiecej po uplywie pél roku od powrotu z wyprawy mapa topo-
graficzna terenu wyprawy w skali 1:50 000 byla juz opracowana. W tym
tez mniei wiecej czasie naplynely rowniez z Norges Svalbard- og Ishavs-
Understkelser materialy przyvobiecane w Oslo.

Geolog otrzymal wiec do dalszych prac nad opracowaniem mapy geolo-
gicznej pelny potrzebny mu podklad topograficzny oraz komplet odbitek
zdjeé fotogrametrycznych do swojego uzytku.

Rozpoczal sie okres zmudnych i pochlaniajacvch duzo czasu prac nad
geologicznym opracowaniem poszczegblnych zdie¢ fotogrametrycznych
w ovarciu o notatki i szkice zrobione w czasie wyprawy.

Zastosowanyv sposbb vostepowania polegal na ponownym rysunku pano-
ram geologicznych na kalkach przezrozzystych. §ciéle wedtuz zdjeé foto-
grametrycznych, uzytych jako ich pedktad, na ktérych w opsrciu o mate-
rialy zebrane w terenie ustalony byl przzbieg granic miedzy poszcze-
golnymi wyr6znionvmi seriami geologicznymi.

Na podstawie tych nowo opracowanvch i skorygowanych panoram geolo-
gicznych dokonany zostal wybor punktéw charakterystyeznych koniecz-
nych do wvznaczenia przebiegu granic miedzy formacjami na mapie
w skali 1:50000.

Nastepnie punkty te metody stereoskopowsa zostaly wniesione na mape
i na ich podstawie wrysowany zostal ostateczny kontur tych granic.



ABSTRACT

The data presented in this paper have been obtained by the author during
the First Polish Spitsbergen Expedition, 1934. A paper based on these data has
been written by the present author before the World War II, but the manu-
script was destroyed in 1939.

The author has investigated the NW and central parts of Torell Land, and
the adjoining part of Wedel-Jarlsberg Land. Along the main mountain range
between these lands occurs a zone of intense Tertiary folding. Four recumbent
folds overthrust eastward 5 do 8 km. obliquely superimposed, namely the Mid-
terhuken, the Berzeliustinden, the Saussureberget and the Supanberget tectonic
units can be distunguished in this zone. Immediately eastward occurs a zone c. 10
km. wide consisting mainly of Triassic rocks, with four oblique folds which grow
less steep castward and gradually disappear tcwards SSE. In the ccres of two
folds the Lower Permian rocks are visible,

Young tectonic movements have also disturbed Caledonian folds in the He-
cla Hoek Formation in an area of Wedel-Jarlsberg Land. The strongest defor-
mations occur in the southern parts of the western limbs of the pre-established
great synclines. This has been due to the discrepancy between the directions
of the older stress which produced folds with axes directed NNW — SSE and of
the younger ones which tended to produce folds with axes directed nearer to
NW — SE.

In Torell Land the Hecla Hoek Formation is discordantly covered by a late-
Paleozoic series. Its oldest member is the Culm, which thins gradually south-
ward from 200 — 250 m. to 0 — 60 m. The Middle Carboniferous is represented
by red and dark-green conglomerates (maximum thickness 200 m.), analogous
to the Pyramiden Conglomerates followed by the Passage Beds similar to those
known on the coasts of Billefjorden, The Middle Carboniferous rocks occur
lacally near Recherchefjorden and on the western slopes of Zittelberget. The
Upper Carboniferous is represented by a series of a littoral character consisting
of layers of Cyathophyllum Limestones alternating with coarse-detritic layers.
This series is followed by the Lower Permian Brachiopod Cherts, c. 400 m. thick.

The Lower Triassic is represented by shales and hieroglyphic sandstones
thinning southward from 400 m. to 140 m. (in Passhatten). The Middle and Upper
Triassic is built up of dark shales with intercalations of dark limestones and
sandstones thinning southward from 400—500 m. to ¢. 300 m. (in Kopernikusfjel-
let). Many ammonites and reptile remains have been cbserved in the southern
part of the studied area.

A conglomerate (Engadinerpasset) or a ccarse-grained sandstone layer sepa-
rates the Rhaetian and the Lower Lias from the Upper Triassic deposits. The
Rhaetian is represented by grey and green shales with Estheria brodieana, sand-
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stones with plants and by bonebeds. The whole complex is horizontally variable.
It is followed by the Upper Liassic marine deposits, mainly conglomerates in the
west and phosphorites with Toarcian ammonites in the east.

A series of dark shales, rather monotonous in the vertical sense (Ingebrigt-
senbukta Series) represents the Callovian, the Oxfordian, and the Lower Kimeri-
dgian. It is overlain by a conglomerate bed followed by dark shales with
siderites (Tirolarpasset Series). Faunas of the Volgian, of the Berriasian and of
the Valanginian ages have been found in these rocks. The uppermost Valanginian
is represented by the Ullaberget Series, a complex of green shales with concre-
tions of marls and with conglomerates in the highest part.

Follows a complex of continental sandstones and shales with plants. It repre-
sents the Hauterivian and the Barremian. No marine ingressions occurred during
this time. The Aptian and the Albian are represented by shales with Ditrupa
(shales with intercalations of sandstones). They are followed by the Tertiary
(Paleocene and Eocene) deposits.

Dolerite sills have been observed in the Carboniferous rocks in the west, and
in the Jurassic rocks in the east.

From the distribution of the facies in the Mesozoic can be inferred in SW
Svalbard the existence of an area subjected to recurrent subsidence. It continued
to the coasts of Scandinavia. In some respects this area is analogous to the
subsiding area situated south of Scandinavia which extended from Denmark
through Scania in the direction of Poland. Similarities between these areas were
most conspicuous during the Rhaetian and the Lower Lias, and during the begin-
ning of the Upper Jurassic transgression.



INTRODUCTION

This paper is a continuation of the paper previously published by the
writer describing the geological investigations in Torell Land, carried
out during the First Polish Spitsbergen Expedition, 1934.

A preliminary report on these investigations was published in 1936
(Rozycki, 1936a). A geographical description of the interior of the newly
explored land was included in general reports on the investigations
carried out by the Expedition, published by S. Bernadzikiewicz (1936)
and by the present author (1936¢). A topographical map and other data
obtained during the topographical survey were published by A. Zawadzki
and S. Zagrajski in the 1935—1936 issues of “Wiadomosci Stuzby Geogra-
ficznej”. '

The full text of the geological report was already in 1938 ready to
print, but the outbreak of the 2-nd World War prevented its publication.
During the bombardment of Warsaw in 1939 the manuscripts and colle-
ctions have been destroyed. Only field notes, original drawings of maps
and geological sections, and some rough drafts have been saved. On
these materials two papers on periglacial phenomena in Torell Land
published by the writer (Rozycki, 1957a, b), have been based.

In the present paper are discussed the geology of a part of Torell Land
and the role of the young Tertiary tectonic movements in this area.

The English text of the present paper is not a translation of the Polish
text. Part I, published in Polish, gives a description of the geological
investigations and mapping and of the methods used during the Expe-
dition. Part II, in English, contains preliminary remarks on the attached
geological map of the north-western part of Torell Land (scale 1 : 50,000),
as well as the descriptions of the stratigraphy and tectonics of the investi-
gated area and of its relations with the remaining part of Svalbard.

A detailed geological description will be published in future.
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work. The beautiful photos taken by Mr. A. Zawadzki proved to be of
great value as they constituted the base for the panoramic views and
geological map accompanying the present paper.

BOUNDARIES OF TORELL LAND AND WEDEL-JARLSBERG LAND

The southern, triangular part of Vestspitsbergen, divided from the
bulk of the island by the long Van Mijenfjorden, falis into three sub-
divisions: the southern, lying south of Hornsund, Soérkapp Land; the
northern, bounded by Van Keulenfjorden, Nathorst Land; and the cen-
tral, which is also the largest. The western part of the latter is called
Wedel-Jarlsberg Land, while the eastern is known as Torell Land.

Since the writer’s field work was centred in the area on the bor-
der of the two last named regions, their delimitation was one of the first
problems that called for consideration. In the writer’s opinion this
presents no difficulties, since the two regions are separated by a high
mountain range, hereafter referred to as the Chief Range. All the major
mountains of the investigated area are situated along this mountain
range. These are: Berzeliustinden 1204 m., Hermelinberget 1064 m.,
FErdmannberget 1009 m., Pukkelen 993 m., Zittelberget 1192 m., Supan-
berget 1100 m., Staszicfjellet 991 m., Stanistawskikammen 970 m.,
Kopernikusfjellet 1055 m., Curie-Sklodowskafjellet 822 m., and Fonns
ryggen 720 m.

This mountain range separates two units of quite different geological
structure. The western one is built up of the Hecla Hoek Formation,
the eastern one is built up of the younger Paleozoic, Mesozoic and
Tertiary rocks. Moreover, this range separates two main glacier sy-
stems, one of which flows directly into the ocean and into the broad
Bellsund and Hornsund fjords, the other one into Van Keulenfjorden,
which is the innermost part of Bellsund. These two glacier systems
communicate by numerous ice plateaux and transfluencies with gla-
ciers flowing eastward into Storfjorden.

The Chief Range also divides two distinctly different climatic areas,
i. e. the westerly Wedel-Jarlsberg Land, where the influence of the
ocean prevalis, and the eastern, more continental, Torell Land. These
two climatic areas differ by cloudiness and the amount of precipitation.
They are also easily observable within the central area of the Chief
Range on the surface of glaciers, which on the western side ranges
200 m. higher than on the eastern one.

The arrangement of glaciers occurring on either side of the Range
varies widely too. Those in the west radiate from an elevated: centre
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(Amundsenisen) situated at the foot of the Chief Range, while those in
the east occur in large cirques; much further, nearer Storfjorden, they
join and form complicated systems.

Still another portion of the southern Vestspitsbergen, situated in the
west, could reasonably be differentiated and given an individual name.
This is a large peninsula lying west of a line connecting Isfjellbukta with
Recherchefjorden. It is situated beyond the western peripheries of To-
rellbreen and Recherchebreen; it is characterized by poor glaciation and
dissected by three large valleys: Dunderdalen, Chamberlindalen and
Orvindalen, which finally become united.

The only papers on the geology of the interior of this region have
been published by A. K. Orvin. The present writer, therefore, proposes
tocallit Orvin Land (Fig. 2), in honour of that indefatigable explo-
rer, who devoted his life to the study of Spitsbergen.

COURSE OF FIELD WORK

The area explored by the Polish 1934 Expedition is bordered on the
north by Van Keulenfjorden, and on the west by a line running from
Malbukta, along the Chief Range, across Berzeliustinden to Zittelberget,
tc the environs of Amundsenisen and the upper part of Nornebreen.

In the south this area reaches Halenuten and, across Curie-Skiodow-
skafjellet, stretches to Polakkfjellet where it extends northwards, em-
bracing Pilsudskifjella (their eastern periphery excepted); further on it
runs across Langryggen and Basilika to reach the shore of Van Keulen-
fjorden close to the front of Penckbreen. A few excursions were also
made outside the mentioned area i. e. to Reinodden, to the front of
‘Nathorstbreen, to Raudfjellet, to Midterhuken, and to Axeléya in Van
Mijenfjorden. The writer did not take part in the three last excursions,
but specimens of rocks collected there and photos of geological interest
were kindly made avaijlable to him by Mr. H. Mogilnicki and by Mr.
A. Zawadzki.

The field work was carried out in three stages:

During the first stage, from June 25th to July 7th, the writer explored
the shore of Van Keulenfjorden as far as Reinodden,

During the second stage, from 8th to 22nd of July, together with the
photogrammetric group (A. Zawadzki and W. Biernawski) the writer
investigated the surroundings of Penckbreen,

During the third stage, from July 30th to August 24th together with
H. Mogilnicki, the writer reached the Pilsudskifjella, and explored the
southern part of the Amundsenisen, Polakkbreen and Nornebreen areas,
and also the area of Finsterwalderbreen and Hessbreen.
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Moreover, during his sojourn at the Base of the Expedition on the
terminal moraine of Finsterwalderbreen from 20th to 24th of June, from
23rd to 29th of July and from 25th to 28th of August, the writer made
some excursions in the neighbourhood of Tilasberget, in Heimfjella and
the front of Nathorstbreen.

During every excursion field work has been carried on for 15 to 20
and, sometimes, to 32 hours without interruption, in order to make the
best of the short periods of fine weather. This saved a great deal of
time which would have otherwise been wasted in walking to and from
the camp, and enabled the writer to extend his investigations.

During his work beyond the coastal zone the writer had no detailed
maps of the investigated area, He, therefore, had to use in his work
another method. It consisted in carrying out of accurate panoramic draw-
ings and rough sketch maps, and in correlating them with the photo-
graphs taken at the same time. After returning to Poland, the data
acquired during the field work, such as the course of geological bound-
aries, sites of measured dips, localities with fauna, etc., were plotted
on photographs and subsequently transferred into the topographic map
worked out by photogrammetric surveyors on the same photographs.
The course of the geological boundaries in the resulting 1 :50,000 geo-
logic map is marked with the accuracy required for the 1 :100,0600 maps.

Methods generally adopted in mountain regions have been used to
cbtain the profiles of slopes. The neighbourhood of Humpvarden (the
eastern part of Heimfjella), the eastern part of Friherrefjella (from the
line between Neumayrberget and Basilika), and the boundary between
the Jurassic and the Neocomian near Tilasberget are the only parts of
the mapped area which have not been thoroughly investigated. The cor-
responding parts of the map are based exclusively on sketch drawings
made from distance, and not verified on the spot.

In spite of possible errors data thus obtained have been plotted in
order to make the map continuous. Geological boundaries are shown by
broken lines.

As to the stratigraphy, the writer has been most interested in the
uppermost Triassic, in the Jurassic and in the Lower Neocomian. He de-
voted most of his time to the study of these formations, and made some
detailed sections. Other formations have been dealt with less accurately.
Their investigation has been limited to that necessary for the preparation
of the geologic map and to the understanding of tectonics, which were
the main objects of the work undertaken.

The geologic map, as now published, was completed in 1938. The geo-
logic sections, destroyed during the war had to be drawn again.
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The topographic data for this map were compiled from two sources.
The southern sector (S and E from the line running across Halenuten,
Boygen, Snokletten, Zittelberget, Suessberget), is based on the 1: 50,000
map worked out by A. Zawadzki cf the Military Geographic Institute
in Warsaw. Zawadzki’s map was based on his own stereophotogramme-
tric pictures taken during the Polish Expedition in 1934, and on the
triangulation carried out by S. Zagrajski and referred to the Norwegian
triangulation net established in 1918—1920 (Zawadzki 1935, 1936; Za-
grajski 1935).

The northern and western sectors of the map are based on the topo-
graphic map which was made available to the writer by the exceptional
courtesy of the Norges Svalbard- og Ishavs-Undersokelser, the present
Norsk Polarinstitutt. This was a copy of the 1:50,000 map (then unpu-
blished) prepared on triangulation measurements and photogrammetric
pictures carried out by A. Koller and W. Solheim during the Norwegian
Expeditions of 1918, 1920 and 1921.

The above mentioned topographic map has been used even after the
publication in 1952 and 1953 of new Norwegian maps (Topografisk kart
over Svalbard 1:100,000, Blad B,;, Van Keulenfjorden, and B,;, Torell-
breen) by the Norsk Polarinstitutt, The new Norwegian maps give
a more complete picture of the investigated area, as they cover also the
»blank patches” of the earlier maps. Nevertheless the earlier map consti-
tuted the original base of the geological mapping and the transference
of its contents into the new topographic map might have involved errors.
However, the topographic names used in the present paper and in the
accompanying map are those included in the Norwegian maps from 1952
and 1953.

STRATIGRAPHY

HECLA HOEK FORMATION

The Cambrian and Ordovician faunas discovered by H. Major and
T. S. Winsnes (1955) in Sorkapp Land made it possible to obtain a clea-
rer view of the stratigraphy of the Hecla Hoek Formation in the sou-
thern part of Vestspitsbergen. The Polish IIlrd International Geophy-
sical Year Spitsbergen Expedition (1957—1958) has studied this problem
in the southern part of Wedel-Jarlsberg Land and in the northern part
cf Sérkapp Land. The subdivision of the Hecla Hoek Formation adopted
in the present paper is partly based on the stratigraphic data obtained
by K. Birkenmajer (1958 a, b) during that Expedition.

During the First Polish Spitsbergen Expedition, the writer had only
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the opportunity to study the eastern peripheries of the area of the Hecla
Hoek Formation.

Within the Amundsenisen region he has ascertained the presence of
a large syncline filled with dark limestones of the Grakallen (Ordovi-
cian) Series. This syncline extends south to Perlebandet and Luciakamm-
en. Shales of the Gashamma (Eocambrian) Series occur on both sides
of the syncline. .

East of the syncline, on the slopes of Kopernikusfjellet, grey and red
limestones with phyllites of undetermined age occur. These are also pre-
sent in the western part of Stanistawskikammen, Staszicfjellet and on
the western slopes of Supanberget.

It seems that the Slyngfjellet Conglomerates occur on Stanislawski-
kammen and Flinthornet, among strongly disturbed frontal elements of
the overthrust.

The younger Paleozoic rocks discordantly overlie the folded deposits
of the Hecla Hoek Formation. The discordance is easily visible on the
western slope of Berzeliustinden where the Culm deposits lie on green
phyllites with limestone intercalations, probably belonging to the Gas-
hamna Series (Eocambrian).

DEVONIAN

While in the northern Vestspitsbergen the Devonian is widespread,
its only occurence in the south is that reported from the Hornsund region
by Th. Tschernyschew and G. de Geer (1899) during the Russo-Swedish
Arc-of-Meridian Survey between 1899 and 1902.

Later investigations by A. Hoel in 1919, A. K. Orvin in 1936, A. Heintz
in 1949, and by H. Major and T. S. Winsnes in 1952, ascertained a fairly
wide distribution of the Devonian in central Sérkapp Land. It is indicated
on the map summarizing the results of all these investigations and an-
nexed to the paper by H. Major and T. S. Winsnes (1955).

The northern boundary of the Devonian rocks has not yet been esta-
blished.

During the Polish 1934 Expedition, the position of the Devonian in
relation to the northern tectonic units keenly interested the writer. He
carefully investigated all the accessible outcrops revealing a direct con-
tact of the Hecla Hoek Formation with the younger Paleozoic. However
between the shores of Van Keulenfjorden and Kopernikusfjellet, he
ascertained the lack of sediments which could be referred to the Devo-
nian, Neither have they been noted further south, as far as Curie-Skio-
dowskafjellet, but their absence there is less certain since the contact of
the strongly folded Triassic rocks exposed in this mountain with those



48 Stratigraphy

of the Hecla Hoek Formation observable on Aulrabben is concealed by
the glacier.

Judging from observations not verified on the spot, the Devonian
occurs as far as Braemfjellet and extends further south in the direction
of Hornsund, towards Marietoppen on the shores of Adriabukta.

CARBONIFEROUS AND PERMIAN

Culm

The Culm commencing the younger Paleozoic of Torell Land, rests
unconformably on the folded Hecla Hoek Formation. It is represented
by a thick complex of sandstones and light-coloured conglomerates with
well rounded quartz gravel of continental or littoral origin. On Reinodd-
en it contains a thick intercalation of plant-bearing shales. Such inter-
calations have not been observed by the writer further south.

OQutcrops of the Culm sandstones and conglomerates occur from Ahl-
strandodden to Aldegondaberget and higher up just below the peak of
Berzeliustinden, where they disappear owing to reduction by the over-
thrust. South of Hessbreen the Culm deposits are exposed a few kilo-
metres westward of the above mentioned outcrops. They continue on the
western slopes of Hermelinberget, west of the Revtanna peak and south
of Saussureberget, where they disappear again. South of Sveisarfonna
the Culm complex grows thinner and even in some places is absent. It
has not been discovered by the writer between Supanberget and Koper-
nikusfjellet. In Kopernikusfjellet it occurs on the western slope of the
mountain as a rather thin layer between the Hecla Hoek Formation and
the Middle Carboniferous.

The absence of the Culm sediments in this belt may be due to tecto-
nic movements. In the writer’s opinion, however, the lack of the Culm
sediments in this region is due to sedimentary conditions.

A. K. Orvin (1940) thinks it probable that the Culm deposits occurred
throughout Svalbard until they were to a large extent destroyed by the
erosion during the Middle and the Upper Carboniferous. At present
only remnants of the Culm cover are preserved along the western shores
and in the central part of Vestspitsbergen in the region of Billefjorden,
and, probably, in the upper part of Lomfjorden.

The writer is of another opinion. He supposes that the original range
of the Culm deposits has been more restricted, though, naturally, wider
than now, and he thinks that the present distribution of the Culm depo-
sits is due not only to tectonic causes but also to certain morphological
features of the pre-Carboniferous relief.

E. g. it is significant that the older Culm members, intercalated with
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dark shales with plants and coal seams, occur only in the region of
Billefjorden, and in western Bellsund, apparently indicating a course of
a valley, directed NNE to SSW.

East and south of Bellsund, thicker shale intercalations are absent in
the lower part of the Culm. They have not been observed either in the
southern slopes of Berzeliustinden, on Aldegondaberget and Ahlstrand-
odden, or in any of the more southern sections of Hermelinberget and
Saussureberget. Neither do they occur in Zittelberget and Kopernikus-
fjellet or, as far as the writer’s knowledge goes, south of Hornsund.
They have, however, been observed in western Hornsund where the
Culm beds attain again great thickness.

Along the western shores of Vestspitsbergen existed in the Lower
Carboniferous a zone of more intense subsidence or, maybe, a major
depression; there the sediments, which are mainly clastic, are ten to
twelve hundred metres thick (western Isfjorden area — 1200 m.; north-
ern Bellsund shore — 980 m.; Hohenlohefjellet in western Hornsund —
about 1000 m.).

East of this zone the thickness of the Culm beds diminishes abruptly
to 550 m. on Reinodden and to 200 m. at Ahlstrandodden. It varies from-
150 to 200 m. in Berzeliustinden and between Hermelinberget and Saus-
sureberget. Further south — east, the thickness of the Culm diminishes
gradually; in Kopernikusfjellet it is less than 100 m., and in some places
the Culm deposits are absent.

Everywhere the Upper Carboniferous rests nearly conformably on the
Culm. The writer has never noted a discordance between the Upper
Carboniferous and the Culm. This suggests that the tectonic movements
of the Sudetic phase were negligible or absent.

The Hecla Hoek Formation has been intensely eroded during the
Middle Carboniferous in the vicinity of Supanberget, i. e. where the
Culm deposits thin abruptly or even disappear completely. This is im-
plied by the composition of red conglomerates underlying the Cyatho-
phyllum Limestone. It seems therefore probable that the thickness of the
Culm deposits in this area has always been smaller than further west,
and they became still thinner or even did not exist quite near to, and
east of, the line joining the interior parts of Van Keulenfjorden and
Hornsund.

Middle Carboniferous

Within the central part of the Chief Range, between Zittelberget and
Stanistawskikammen, the present author has observed in many places
a complex of red and green conglomerates underlying the Cyathophyll-
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um Limestone. Their relation to the Culm — from which they differ
very distincly — is not clear, since in all the cases where they contact
with the Hecla Hoek Formation, both are tectonically disturbed.

The position of these conglomerates had been unknown till A. K. Or-
vin (1940) published a description of a Lower Carboniferous section from
Reinodden. This section shows a rock complex, 200 m. thick, above the
Culm and below the Cyathophyllum Limestone. At the bottom of this
complex red and green conglomerates several metres thick occur, and
pass higher up into sandstones and arenaceous shales. It has keen stress-
e€d by Orvin that these conglomerates are quite similar to the sediments
which in Bjorndya (Bear Island) undoubtedly represent the lower part
of the Middle Carboniferous (Horn & Orvin 1928), and also to the rocks
of the same age in Broggerhalvoya (Holtedahl 1911; Orvin 1934) which
have yielded Spirifer (Choristites) mosquensis Fischer.

On these data A. K. Orvin (1940) determined the age of the clastic
complex at Reinodden as the Moscovian (= Middle Carboniferous).

Ne¢ similar complex situated between the Culm and the Upper Car-
boniferous has been observed at Ahlstrandodden either by the present
author in 1934 or by Orvin in 1936. It is also absent on the northern
slopes of Aldegondaberget and on the southern slopes of Berzeliustind-
en. The absence of red conglomerates in the sections mentioned seems
to be primary.

The present author did not find red and green Middle Carboniferous
conglomerates between the Culm and the Cyathophyllum Limestone in
Hermelinberget, Revtanna and Saussureberget, though all the Carboni-
ferous deposits are very well exposed.

They are also lacking at Nuppasset, where Cyathophy!lum Limestone
overlies the light-yellow Culm conglomerates. They suddenly appear,
however, as a well developed complex over 200 m. thick, in the western
slope of Zittelberget, and in the northern slope of Supanberget, where
they have been subjected to strong tectonic deformations. South of
Supanberget they disappear again. In this region, however, including
Helhornet and Staszicfjellet the absence of conglomerates may be due
to tectonic causes.

Red conglomerates, resembling those described above and perhaps of
the same age, appear on Flinthornet, Together with the Hecla Hoek
Formation they belong to the strongly deformed frontal part of the rock
masses thrust over the Triassic of Stanislawskikammen.

No Middle Carboniferous conglomerates are observable on the whole
Lysefjellet, where the phyllite shales (Hecla Hoek Formation) are thrust
over the Triassic. The conglomerates in question, however, together with
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the overthrust part of the younger Paleozoic occur in the western slope
of Kopernikusfjellet. They are overlain directly by the Cyathophyllum
Limestone, commencing the Upper Carboniferous sequence. The Middle
Carboniferous deposits are here relatively thin — only a few score me-
tres — they consist of dark-green, well cemented conglomerates, inter-
calated in the upper part in a similar way as on Reinodden, with red
sandstones and arenaceous shales.

Still further south, as far as Curie-Sklodowskafjellet, there are no
Carboniferous outcrops. Neither does the Carboniferous seem to crop
out in Fonnryggen. Both these areas, judging from observations made
from distance, are built up of Triassic rocks. On the eastern coast of
Burgerbukta, above the Culm, Orvin (1940, p. 23, 25—26) noted a 300 m.
thick rock complex consisting of grey, well bedded sandstones with
layers of conglomerates and numerous fine intercalations of red sand-
stones and arenaceous shales, overlain by a 60 m. thick complex of grey
conglomerates. Still higher up there occur arenaceous and coral-bearing
limestones, and dolomitic sandstones (98 m.) covered by limestones con-
taining an abundant fauna, probably of a Lower Permian age.

This complex is referred by Orvin to the Middle Carboniferous, and
correlated with deposits of the same age from Bjoérnéya.

The above described thick complex of red conglomerates from the
western slopes of Zittelberget, underlying the Cyathophyllum Limestone
strikingly resembles the Pyramiden Conglomerates of E. M. Lyutkevich
(1937) from north-western Billefjorden. E. R. Gee, W. B. Harland and
J. R. H. McWhae (1952) who have been working on the material of the
Cambridge Spitsbergen Expedition of 1949, correlate these conglomerates
with the Passage Beds distinguished by J. M. Wordie in 1919 on the
eastern coast of that fjord. These are of the same age, but the facies is
different,

The above mentioned authors refer the Pyramiden Conglomerates to
the upper part of the complex which they have named the Campbell-
ryggen Group. The lower part of this group consists of the Lower Gypsi-
ferous Series occurring in the eastern part of Isfjorden only. This series
is usually considered as of the Middle Carboniferous age (Lyutkevich
1937; Orvin 1940). Gee, Harland and McWhae (l. c., p. 312) consider the
Passage Beds and the Pyramiden Conglomerates as most probably repre-
senting the Middle Carboniferous, though they do not exclude an early
Upper Carboniferous age. The fauna occurring in these rocks is poor and
not well enough preserved. Brachiopods have been recorded only from
the lowermost limestone layer of the Passage Beds. C. L. Forbes tenta-
tively determined some specimens as Choristites mosquensis Fischer.
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The present writer thinks that, as the paleontological evidence is
cbviously inadequate, the existence of transitions between the Cyatho-
phyllum Limestone and the underlying conglomerates in the area be-
tween Zittelberget and Supanberget should be emphasized when deter-
mining the age of the Pyramiden Conglomerates.

Upper Carboniferous

The Cyathophyllum Limestone is well developed throughout the nor-
thern part of the Chief Range. It has been observed between Aldegon-
daberget and Berzeliustinden and, on the other side of the dislocation
south of the latter mountain, in Hermelinberget, Revtanna, Saussure-
berget, Nupen, Zittelberget and Supanberget. Further south the Carboni-
ferous is covered by the Hecla Hoek Formation, overthrust from the
west, and may be observed only in the eastern periphery of Stanistawski-
kammen, where it occurs as small blocks of tectonic origin.

A larger part of the Upper Carboniferous complex has been preser-
ved in the western part of Kopernikusfjellet within the front of the rock
masses overthrust from the west. The green and red conglomerates and
shales of the Middle Carboniferous, or of the lowest Upper Carboniferous
age, are overlain by a complex of arenaceous limestones and dolomites,
intercalated with conglomerates and red shales in the lower part, con-
taining fairly frequent corals (,,Cyathophyllum”) in the upper part.

An interesting sequence has been observed by the writer on a rocky
ledge separating the glacier cirques situated on the eastern side of the
Chief Range at the foot of Zittelberget and Supanberget (Fig. 10). The
writer draws attention to the lower part of this sequence, which may be
considered as a transition to the underlying red conglomerates.

A description of this sequence is given below beginning with a small
platform situated about 100 m. above Penckbreen and covered by scree
from the arenaceous Cyathophyllum Limestone, and proceeding down-
wards in the stratigraphic sense:

Rocky Ledge between Zittelberget and Supanberget, Section

Thickness
in metres

53 — Arenaceous limestone with quartz grains and pebbles (white quartz, black
lydites, quartzites) up to 1 cm. in diameter. . . . . ., . .4.00—5.00

52 — Sandstone, coarse-grained, calcareous. Quartz grains 2 to 3 mm. in
diameter . . . . . . . . . . . . . . . . . ecl2
51 — Limestone, arenaceous, with top surface covered by gravel . . c. 1.30
50 — Sandstone, grey-yellowish, partly silicified, thin-bedded . . . c. 2.00

49 — Shale, argillaceous e e e e e e e e, . c. 020



Fig. 10
Protil warstw granicznych $rcdkcwego i gornego karbonu (Pyramiden Conglomerates-Cyathophyllum Limestone) na wystepie skalnym miedzy cyrkami lodowcowymi u podnéza Zittelberget
i Supanberget. Opis szczegélowy profilu w tekscie. Skala 1 : 200
1 — szczatki ro§lin; 2 — korale; 3 — ripplemarki; 4 — fukoidy; 5 — hieroglify
Passage Beds from the boundary of the Middle and the Upper Carboniferous (Pyramiden Conglomerate-Cyathophyllum Limestone) in the ledge between the glacier cirques below Zittelberget

and Supanberget. Detailed description in the text. Scale 1:200
1 — plant detritus; 2 — corals; 3 — ripple marks: ¢ — fucoids; 5 — hieroglyphs

n
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Thickness
in metres
48 — Conglomerate, light-grey, coarse-gra.ned at the top, at the bottom
calcareous and more fine-grained (the grain diameter 2 to 3 mm.). c. 1.15
47 — Sandstone, calcareous . . . . c. 1.25
46 — Shales, arenaceous and arglllaceous, w1th plant remains . c. 0.40
45 — Sandstone, grey-yellowish c. 115
44 — Sandstones, grey, Flysch-like, alternatmg wrth and 1mpercept1bly pas-
sing into shales with fucoidal impressions . . 1.90
43 — Sandstones, calcareous, grey with one thin layer of pravel . 0.10
42 — Sandstones, grey, wxvth arenaceous limestones at the bottom of laver 2.00
41 — Shale, grey . 0.15
40 — Limestone, with sohtary corals (,,Cyathophyllum") 0.25
39 — Limestone, with gravel . 0.05
38 — Limestone, slightly arenaceous, w1th falrly numerous corals (,,Cyatho-
phyllum”) . 0.25
37 — Limestone containing a large amount of quartz gravel . 0.10
36 — Limestone, arenaceous, passing downward into compact, crystalline lxme-
stone . , 1.50
35 — Conglomerate, ooarse-gralned towards the bottom . . . . 045
24 — Shale, grey, with plant remains . . . . c. 0.20
33 — Limestone, arenaceous, with fine-grained quartz gravel 0.19
32 — Shale, grey 0.01
31 — Limestone, arenaceous (w1th fme quartz grams), llght yellow thxck-
bedded, tending to form sub-layers some centimetres thick with smooth
surfaces covered by minute flakes of mica 1.30
30 — Shale, arenaceous, Flysch-like, pink 0,10
29 — Limestone, arenaceous, as above .00
23 — Sandstones, argillaceous, thin-bedded, w1th hleroalyphs pmk 1.40
27 — Limestone, arenaceous, yellow, with uneven upper surfaces of layers,
containing pelecypods (Conocardium?) 0.30
26 — Quartz gravel 0.08
25 — Sandstone, yellow 0.30
24 — Shale, with hijeroglyphs (one thm layer) 0.02
23 — Sandstone, pink . 0.30
22 — Limestone, light-yellow, with abundant corals (numerous specimens of
»Cyathophyllum”) . . . l1o
21 — Limestone, crystalline, th1ck bedded No organic remains v151ble . c. 3.00
20 — Sandstone, quartzitic, thin-bedded e . . c. 0.50
19 — Sandstones, grey, shaly . . . . . . c. 2.00
18 — Shales, light-grey 0.20
17 — Shales, red . 0.30
16 — Limestones, light- grey, w1th corals (,,Cyathophyllum”) and w1th an ad~
mixture of fine-grained quartz gravel (2 to 4 mm.), showing uneven, as if
corroded surfaces . R c. 2.00
15 — Conglomerates, coarse- gramed brown red w1th fragments of various
rocks from the Hecla Hoek Formation in the central part (quartzites,
phyllites, crystalline limestones), up to 20—30 c¢m. in diameter 2.60
14 — Sandstones argillaceous, red, platy, with ripple marks and hleroglyphs 2.70
13 — Conglomerates, brownish-red, as above 1.20
12 — Sandstones, argillaceous, red, platy, with ripple marks and hleroglyphs 5.50
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Thickness
in metres
11 — Sandstones, grey-yellow, thick-bedded, intercalated with shales (5 to 10
ecm.), with hieroglyphs e e e e .o . . . . 500
10 — Shales, argillaceous, greenish-grey . 1.50

9 — Sandstones, medium-grained, intercalated w1th coarse- gramed sandsto-
nes, arranged in beds 15 to 40 cm. thick, alternating with thin layers of
shale with mica flakes, Surfaces of sandstone beds wavy, with hiero-

glyphs . . . . . . . . . . . . . . . . . . . 380
8 — Conglomerate, brown-red . O 3011
7 — Shale, red . . O |
6 — Limestones, arenaceous, compact crystal]me A ... 400
5 — Limestone, greyish-yellow, with hieroglyphs on upper surfaces . . . 070
4 — Limestone, yellow-grey partly conglomeratic . . . 035

3 — Conglomerate, coarse, brownish-red, with angular fragments of various
rocks from the Hecla Hoek Formation (quartzites, mica-schists, phyllites,
dolomites etc.) and of red sandstones (Devonian?) . . . 1.60

2 — Sandstones, shaly, with lenticular intercalations of coarse-gramed gravel 0.40

1 — Conglomerates, coarse, red, with fragments from the Hecla Hoek For-
mation, some tens of centimetres in diameter. Exposed . . .. 300

Lower down — snow and glacier.

Total thickness c¢. 68.00

The above described sequence is quite instructive. A marine trans-
gression advanced gradually over a land covered with thick red weathe-
ring products. The beginning of its advance is marked by an accumula-
tion of secondarily deposited red weathering products and of large,
poorly rounded rock fragments, of various resistance (from shales to
quartzites), from the Hecla Hoek Formation, which probably formed
cliffs. When shore became more distant, light-coloured, arenaceous—calca-
reous sediments appeared. The sea becoming shallower owing to accu-
mulation, these sediments pass into a distinctly shallow-water complex
of sandstones and shales with numerous organogenic hieroglyphs and
ripple marks, light coloured when deposited on the seaward side of the
lagoon, red or pink on the landward side.

After the deposition of the last thick bed of red conglomerates (Bed
No. 15) the transgression must have advanced considerably. Only well
rounded fine gravel and quartz sand have been introduced into the calca-
reous, mostly light-coloured marine deposits. Corals appear, sometimes
in great abundance, suggesting a shallow, warm and perfectly transpa-
rent sea.

Periods of the shallowing of the sea are marked by layers of sand-
stones or shales (lagoonal deposits ?) with traces of creeping animals
and also with plant remains. Of considerable interest is the comparison
of the above described section with those studied in the vicinity of
Billefjorden by the Cambridge Spitsbergen Expeditions 1938, 1949, and
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by the Scottish Spitsbergen Syndicate Expeditions 1919, 192C, 1948, des-
cribed by E. R. Gee, W. B. Harland and J. R. H. McWhae (1952). It seems
that the lower part of the above described section may correspond to
the upper part of the Passage Beds (Campbellryggen Group), and its
lower part to the lower part of the Wordiekammen Limestones (Cyatho-
phyllum Limestones), in spite of certain differences.

The Carboniferous sediments in the vicinity of Zittelberget evidently
must have been formed quite near to an intensely eroded cliff.

In Billefjorden the sediments are also shallow-water, but the distance
from the abraded shore must have been greater. Hence the supply of
terrigenic material has been smaller. In both places, however, there
were occasional considerable shallowings of the sea, and even regressions.
In Billefjorden ,,grit beds which may represent short subaerial stages
with erosion” (l. c., p. 344) and in the vicinity of Zittelberget shales with
flora, are the results of these phenomena.

Lower Permian

On analogies with East Greenland, the so-called ,,Productus fiihrende
Kieselgesteine” have been referred by H. Frebold (1935, 1936, 1942) to
the Lower Permian (Artinskian), and the age of the underlying ,,Spiri-
ferenkalk” has been considered as the uppermost Carboniferous.

D. L. Stefanov (1937) supposes that the higher part of the Cyatho-
phyllum Limestone still belongs to the Permian (Artinskian), and thinks
that the Brachiopod Cherts already contain some elements of the Kun-
gurian fauna. v

On the whole, the majority of geologists (Orvin 1940; Gee, Har-
land & McWhae 1952) are inclined to accept Frebold’s boundary between
the Carboniferous and the Permian in Spitsbergen.

In Berzeliustinden, the Spirifer Limestone rests conformably on the
Cyathophyllum Limestone, and is overlain by typical Brachiopod Cherts
and Cherty Limestones with productids. The total thickness of this com-
plex is c. 400 m.

This complex is quite uniform in the horizontal sense. It is present
in Hermelinberget, Revtanna, Saussureberget, and also in Zittelberget
and Supanberget. Further south it occurs on the eastern slope of Sta-
nislawskikammen as small blocks of tectonic origin within® the lower
part of the overthrust rocks of the Supanberget fold. A larger block
occurs in Kopernikusfjellet, also just above the plane of the overthrust.
Still further south, the Lower Permian occurs as far as Hornsund, and
also some kilometres north of this fjord. According to Orvin (1940) it
rests there discordantly on Carboniferous members,



56 Stratigraphy

The upper part of the ,Cherty Limestone with Productus” occurs
in cores of two anticlines in Pilsudskifjella. They can be observed in
the northern part of Warszawaryggen, in a steep wall on the western
slope of Waweltoppen, and in a picturesque gate in the pass between
Armstolen and Ostra Bramatoppen.

Remnants of this series have also been encountered by the writer in
nunatakkr west of Amundsenisen (Ldéveungane 811 m.).

TRIASSIC

In the western part of Torell Land the Triassic rocks are more common
than other Mesozoic rocks. This phenomenon, discovered during the Polish
1934 Spitsbergen Expedition, was quite unexpected. In all earlier geolo-
gical maps of Spitsbergen, from those made by A. E. Nordenskiéld in 1866,
and by A. G. Nathorst in 1910, to the most recent one published in
1940, in which A. K. Orvin summarizes all the geological maps and
unpublished data on Spitsbergen geology, the occurrence of the Triassic
has always been indicated over an extremely narrow belt. Actually,
it extends over an area up to 8 km. wide in the central part of Torell
Land, gradually narrowing south of Polakkfjellet and Somovfjella till
it is only a few hundred metres wide near Brepollen in the inner part
of Hornsund (Orvin 1940). Still farther south, near Tsjernajafjellet the
Triassic beds disappear (cf. Major & Winsnes 1955, map p. 6).

Between the interior of Torell Land and Van Keulenfjorden the
Triassic rocks occur in two zones. The eastern zone, which is wider,
terminates on Heimfjella without attaining the shores of Van Keulen-
fjorden. The western zone is separated from the eastern one by a syn-
cline fiiled with Jurassic deposits. It reaches the shore of Van Keulen-
fjorden in the vicinity of Bourbonhamna and Ahlstrandodden and con-
tinues on the northern shore of that fjord on the slopes of Bravaisberget
and in the eastern part of Midterhukfjellet.

This unexpectedly wide occurrence of the Triassic beds in Torell
Land is due to the existence of folds in the rocks below and in front
of the plane of the overthrust. Three anticlinal belts more or less
distinct are responsibie for repeatedly occurring exposures of the
various parts of the Triassic. This together with the excellent outcrops
in the interior, provides exceptionally favourable conditions for detailed
stratigraphic investigation, particularly in the Upper Triassic. The writ-
er had not enough time to study fhese beds thoroughly. Very few
sections only have been investigated in detail.

Detailed studies of the Triassic of Torell Land would be very stre-
nuous, but interesting results should be expected,.
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The Triassic deposits of Svalbard are pelagic and similar to those of
the Tethys and of the northern Pacific. They differ completely from the
German facies of the Triassic. Correlations with the Alpine stratigraphic
sequence can be established on ammonite faunas of the Middle and of
the Upper Triassic. These faunas are most abundant in the eastern part
of Svalbard. The faunas of the Carnian, of the Anisian, and partly of
the Scythian age are present, those of the Landinian and of the Norian
age are missing.

It could be supposed that regression took place in the Ladinian and
in the Norian, but this hypothesis is not based on reliable evidence,
whereas transgression in the Carnian is doubtless. In Sorkapp Land
rocks of this age in many places rest directly on a substratum built
of the Hecla Hoek or of the Culm deposits.

A complete Triassic sequence is encountered throughout the investi-
gated area. Exposures cf the Lower-Triassic (Eotriassic) in Van Keulen-
fjorden between Ahlstrandodden and Kapp Toscana have been repeatedly
described. From there, across the crest between Aldegondaberget and Fold-
aksla the Lower Triassic deposits extend to a dislocation on the eastern
slope of Berzeliustinden and re-appear east of Hermelinberget, north of
Saussureberget, and in the southern part of Passhatten. They disappear
again beyond Passhatten under the Paleozoic rock masses of the Chief
Range overthrust and outcrop again on Kopernikusfjellet as blocks of
tectonic origin.

The other zone of the Lower Triassic exposures occurs within the mar-
ginal area of the flat Carboniferous anticline in Pitsudskifjella. Exposures
are observable in Waweltoppen, Ostra Bramatoppen, Armstolen and War-
szawaryggen.

The zone of Middle- and Upper Triassic exposures stretches parallel
to that of the Lower Triassic ones from Kapp Toscana to Foldaksla. It
plunges below the overthrust Berzeliustinden fold and reaches Passhatten
across Roysfjellet and the mountains between Subbhégda and Saussure-
berget. Further south it is observable directly beneath the overthrust
masses of the Hecla Hoek Formation on Stanistawskikammen, and on the
eastern slopes of Lysefjellet. Within the upper part of Penckbreen the
Triassic of the first zone joins that occuring discontinuously in cores
of anticlines in the southern part of Heimfjella. Starting from Berner-
berget the Triassic beds form a large, continuous, gently folded zone inclu-
ding Wallisberget and Engadinerberget, as well as the whole of the
mountain group of Richthofenberget-Geografryggen, Tviréysegga and
Hetta. On the other side of Zawadzkibreen this zone includes Warszawa-
ryggen and Belvederetoppen, and a part of Kopernikusfjellet. Southward
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this zone becomes more intensely folded and extends across Nornekamp-
en, Breveggen and Curie-Sklodowskafjellet.

In the monocline east of Pilsudskifjella, the Upper and Middle
Triassic beds dip NE, rest on the Lower Triassic and crop out in
Waweltoppen, Ostra Bramatoppen and in the western part of Polakk-
fjellet.

It follows from the above that a complete series of Triassic deposits
occurs throughout the investigated area. The distribution of outcrops
depends on the tectonics only. Some differences of facies have been
noted.

The Eotriassic is well developed in the Bellsund area where it
attains the maximum recorded thickness of ¢. 500 m. The existence of
several faunal zones has been ascertained by de Geer and Nathorst
(,Myalina Schiefer”, ,,Pseudomonotis Schichten”, ,Hustedia Kalk”).
According to B. Lundgren (1883), G. de Geer (1909), A. G. Nathorsi
(1910a) and W. Werenskiold (1920), the Eotriassic is present on Reinodden
(about 400 m. in thickness), on Ahlstrandhalvéya and east of Aldegon-
daberget. It should be noted that the thickness of the remaining part
of the Triassic has been estimated as much smaller: less than 100 m. on
Reinodden (J. Bohm 1912) and between 60 and 70 m. on Midterhuken
(A. G. Nathorst 1910 a).

The writer’s studies do not confirm this opinion. Although in sections
on the shores of Van Mijenfjorden and Recherchefjorden the observable
thickness of the younger Triassic beds is actually rather small, this is
due to strong tectonic deformations. Quite nearby, south of Van Keulen-
fjorden, between Foldaksla and Berzeliustinden the Eotriassic series,
here about 400 m. thick, is overlain by a complex of the Middle and
Upper Triassic deposits, 450 to 500 m. in thickness, consisting mainly of
dark-grey and black shales. Intercalations of calcareous sandstones are
most frequent in the middle of this complex and also in the part of
this complex, ¢. 20 m. thick, situated 120 to 150 m. from the top of the
series, which is indicated by the lowest layer of the Rheatian sandstones.
The thickness of the Rhaetian is fairly considerable too, being from
80 to 100 m. Thus, the total thickness of the whole complex, from
the bottom of the Triassic to the top of the Rhaetian amounts to nearly
1000 m. Both the thickness and the facies of the Triassic in this area
resemble those in the Festningen section, where the Eotriassic is 245 m.
thick, while the remaining part of the Triassic (together with the
Rhaetian) is from 600 to 800 m. thick. The Triassic beds there also
consist mainly of dark shales with occasional intercalations of other
rocks. The fauna is scarce.
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The above description, though cursory, shows that the Triassic studied
in the complete series of deposits within the Bellsund region differs but
slightly from the Triassic recorded on Grénfjorden.

Southwards, beyond the Berzeliustinden dislocation, the differences
are greater. In the first place, the thickness of the Eotriassic is con-
siderably smaller. On Roystjellet it does not exceed 250 m., while on
Passhatten it is only 140 m. The upper part of the Triassic (without
the Rhaetian) is still more than 500 to 550 m. thick in the former
section, while in the latter it is only 350 to 400 m. thick.

The generalized sequence of the Triassic on Passhatten (from the
top — downwards) is as follows:

Passhatten Section
Thickness
in metres

Above the profile there occur the Rhaetian basal conglomerates.

Upper Triassic:
10 — Shales, dark-grey and light-grey, interbedded with limestones and side-

ritic rocks a few score centimetres thick . . . 60
9 — Shales, black, with Lingula polaris Ldgr., with four layers of ll.ght—grey
and dark-grey glauconitic (?) sandstones . . v+« . . ec 100

Middle Triassic:

8 — Sandstones, calcarecus and siliceous, and limestones intercalated in the
middle part with shales . . . . . . . . . . . . . over 20

7 — Shales, black . e e e e e . e ... . . .Jover 200

Lower Triassic:

6 — Shales, arenaceous, with thin intercalations of dark-grey argillaceous

shales . . . c. 15
5 — Sandstones, ferrugmeous grey-brown, sphttmg mto large, thln nlates . 8
4 — Shales, steel-grey, splitting into small thin plates, intercalated with thin

shaly hieroglyphic sandstones c. 50
3 — Sandstones, well bedded, without hleroglyphs c. 15
2 — Sandstones, hieroglyphic, interbedded with thin shale lavers c. 20
1 — Shales c. 30

Total thickness c. 520
The contact with the Lower Permian is covered with snow.

Throughout this complex the fauna is extremely rare. Besides relati-
vely numerous specimens of Lingula polaris Ldgr. it consists only of
indeterminable fragments of pelecypods. .

It should, however, be noted, that in Passhatten the writer has inve-
stigated in detail the upper part (230 m. only) of the above described
sequence without finding an ammonite fauna. The lower part of that
profile has not been sufficiently examined to exclude the presence of
ammonoids. In any case fossils must be rare, as they have not been
noted on the slopes of Engadinerberget also, where the Upper Triassic



i h
66 Stratigraphy

deposits occur too. Triassic fossils have been found, occasionally even
in abundance, in the median moraine of Penckbreen. These fossils came
from Wallisberget. They have not, however, been adequately studied
by the writer.

Further east in the Armstolen and Ostra Bramatoppen area, the
thickness of the Lower Triassic is still smaller, while that of the Middle
and of the Upper Triassic, according to observations on Wiaweltoppen,
is approximately the same, as in the above mentioned sections. On Arm-
stolen and in Kopernikusfjellet a Lower Triassic fauna occurs. In the
eastern part of this mountain the writer found also layers of shales with
remains of reptiles. One outcrop has yielded numerous (20 or 30) ver-
tebra of Ichthyosaurus belonging, with a high probability, to single
individual.

The horizon with reptile bones, accompanied by phosphorite beds and
by an abundant ammonite fauna consisting mainly of Nathorstites, cor-
responds to the Upper ,,Saurierhorizont” of the Upper Triassic in the
inner part of Isfjorden. This indicates that in the southern part of the
studied area the facies of the Triassic resembles that on eastern Sval-
bard.

LOWER JURASSIC

Rhaetian—Lower Lias

An interesting series of sandstones and grey and green argillaceous
shales, lying between the Triassic and the marine Jurassic deposits is
distinctly variable in the horizontal sense. So far, this series has not
been clearly distinguished, and has been usually referred to the Upper
Triassic. The flora yielded by sandstones in the highest part of this se-
ries was classified as being of the Rhaetian age. Hence it might be sup-
posed that the Spitsbergen Rhaetian and Triassic belong to the same
complex, and that the Rhaetian does not represent the initial member
of the Jurassic series, but the terminal one of the Triassic, otherwise
than in the continent of Europe. It will be seen, however, that the com-
plex of plant-bearing beds, mentioned above, is independent of the Upper
Triassic and separated from it by a distinct discordance.

This series contains some very characteristic rocks: green shales,
plant-bearing sandstones, bonebeds, siderite ores — violet when weathe-
red —, bads of a ,,cone-in-cone” structure etc., and is, therefore, clearly
distinguishable from both the underlying Triassic beds and the over-
lying so-called Aucella Shales.

All these rocks were deposited in large continental lakes or in exten-
sive estuaries. Even over small distances they display abrupt facial chan-
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ges and suggest strong local differrentiation of the surface, on which
they were deposited.

Generally speaking these rocks do not resemble the German type of
the Keuper, as is suggested by H. Frebold (1935), but remind rather of
some Rhaetian and Lower Liassic series (Hettangian) in the vast Polish-
-Danish depression. A certain resemblance to the German Triassic may
be traced, however, in the immediately older members occurring in
eastern Svalbard only.

The occurence of the Rhaetian in Spitsbergen has been ascertained by
A. G. Nathorst (1910a, 1913) who has described the flora he collected
together with J. G. Andersson, in 1898, on the shore of Ingebrigtsen~
bukta on the southern coast of Van Keulenfjorden. According to Nathorst
this flora contains: Pterophyllum cf. aequale Brongn., Podozamites lan-
ceolatus L. et H., Equisetites cf. scanicus Sternb., Nilssonie? sp., Taenio-
pteris sp., also remains of ferns and of conifers.

According to Nathorst all these plants have been found in a sandstone
bed at the bottom of the dark Jurassic shales with ,,Amaltheus” (Cardio-
ceras, Amoebcceras).

Similar sandstones with indeterminable plant remains have also been
noted by J. G. Andersson on Reinodden. In 1912, J. Bohm collected from
these sandstones a flora containing the same species as those occurring
near Ingebrigtsenbukta (after Frebold 1935, p. 62).

In 1909, O. Olofsson and P. Hogborn collected a similar flora from
the uppermost part of the Triassic on Bertilberget in Ekmanfjorden.
Thus, Ingebrigtsenbukta and Reinodden, two most important localities
with the Rhaetian flora in Spitsbergen both lie within the area studied
by the writer. The writer found these outcrops and ascertained that in
both cases the Upper Liassic conglomerates lie immediately above the
sandstones with flora. The Rhaetian at Reinodden is represented by
a fairly uniform complex of sandstones some tens of metres thick. Plant
remains here are poorly preserved and rather scanty. The Rhaetian se-
quence in Ingebrigtsenbukta is more complicated. At the top there is
a sandstone layer, 3.5 m. thick, conglomeratic in its higher and lower
parts, while its central part contains well preserved plant imprints.
Beautiful specimens of leaves of Podozamites lanceolatus L. et H., nu-
merous Equisetites, cones of conifers, and many other plant remains
have been collected here by the writer.

Lower down occur: grey argillaceous shales (2.7 m.), a sandstone layer
(c. 2 to 3 m.), shales resembling those mentioned above (c. 12 m.), another
sandstone layer, some metres in thickness, with shale fragments and

with imprints of Equisetites sp., underlain by Upper Triassic dark
shales.
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South of Ingebrigtsenbukta, the shales between the plant bearing sand-
stones gradually increase in thickness till they attain 80 m. on the
eastern slopes of Foldaksla. Grey shales alternate here with green ones,
and both are intercalated by sandstones and siderites, dark-violet when
weathered. A similar complex occurs on Roysfjellet and in the vicinity
of the left marginal tributary ice-stream of Finsterwalderbreen to the
north-east of Tilasberget, also in many outcrops in the western part of
Heimfjellhumpane, on Leinryggen and Subbhdgda, as well as on Berner-
berget, where its thickness is still greater. The upper sandstone with
flora is fairly thick throughout this area, while the lower one becomes
thinner towards the south-east. On the northern shore of Van Keulen-
fjorden a similar complex of grey and green shales, with ores and sand-
stones at the top and at the bottom, occurs on the eastern slope of Bra-
vaisberget. From there it stretches northward through Forkastningsdalen
near the juncture with Berrklettdalen, and crops out on the southern
shore of Van Mijenfjorden in the intensely folded frontal part of the
Upper Triassic complex above the shear plane, in the eastern part of
Midterhuken, photographed and figured by Nathorst (1910a, pp. 393—
—395, figs. 81—83) and by de Geer (1919). The same complex reappears
in a small anticline on Lagkollane (called by Nathorst and de Geer:
Laga Kullarne). Layers of cone-in-cone marls occur there between
Rhaetian shales with sideritic concretions, previously reported by Na-
thorst. That author, however, placed the cone-in-cone beds in the Ox-
fordian series of black shales with ,,Amaltheus” (Amoceboceras).

In the interior of Torell Land, south of Bernerberget, the zone of
grey and green shales is distinctly narrower than in Heimfjella. On the
eastern slopes of Engadinerberget it is still relatively wide, but east of
Geografryggen in Pilsudskifjella and in the central part of Polakkfjellet
it is only some hundreds of metres wide. This, however, is not due to
a less intense sedimentation, but to tectonics.

The writer investigated some sections of the Rhaetian near Enga-
dinerpasset, on Passhatten, Engadinerberget and Lagryggen. Distinct
differences of facies have been noted over small distances.

On the eastern slope of Passhatten, above Engadinerpasset, the Rhae-
tian is 44.5 m. thick. Instead of the sandstones, only a few metres in
thickness, which occurred in the scree on the slopes of Subbhégda, the
Rhaetian here begins with a yellow conglomerate, about 50 cm. thick,
overlying the black shales of the Upper Triassic.

The conglomerate is overlain by dark-grey and green argillaceous
shales (20.7 m. thick), intercalated with reddish-brown laminated ores.
These are accompanied by thin layers of reddish clay and grey arena-
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ceous shales (14.3 to 15.7 m. and 20.7 to 21.15 m. from the bottom).
A thin layer of a ferrugineous cone-in-cone marl occurs also,

Higher up there are argillaceous shales, 15.85 m. thick, green and
grey-yellow, alternating with grey ones, and with several seams of ores
(clay-siderites) violet when weathered and also with another come-in-
-cone layer in the upper part. These shales are overlain by c. 7.5 m. of
sandstones, conglomeratic at the base, intercalated in the middle with
grey shales 1.3 m. thick. In the conglomerate numerous rounded bone
fragments occur.

Locally, fragments of phosphoritized bones occur in such abundance
that the rock resembles a true bone-bed. Piant remains occur in the
upper part of the sandstone.

Also a few hundreds metres further east, on Engadinerpasset, upper
sandstones and bone-beds occur. They are cemented by a ferrugineous
substance, red when weathered, in a similar way as in the above descri-
bed outcrop. In the top and bottom portions of sandstones, pebbles of
various rocks occur here in greater abundance than on Passhatten.

Within the underlying upper part of the shales, instead of thin ore
layers, ferrugineous sandstones appear. On Léagryggen, 5 km, eastward,
they form thick beds and the arenaceous layers occurring between the
upper and lower parts of green shales are replaced by a 7 m. thick
complex of thick-bedded sandstones and tabular sandstones with hiero-
glyphs and intercalations of arenaceous light-grey shales.

On Lagryggen the top sandstones are only 3 m. thick. They form thin
layers intercalated by shales and become Flysch-like. Only the lower
part of these sandstones contains plants.

Within the lower shale complex on Engadinerberget and on Lagryg-
gen, sandstone intercalations occur, as well as ore intercalations which
are more frequent than on Passhatten, and yield abundant, well preser-
ved Estheria brodieana Jones (= Estheria minuta var. brodieana) recor-
ded from Rhaetian beds of Scotland, England and Germany (Kobayashi
1954), and from the Lower Liassic in Poland (Ro6zycki 1930, 1958). Spe-
cimens of Estheria have been found by the writer within the same com-
plex on the western slope of Engadinerpasset and in Bernerberget.

Further south, on Geografryggen, the Rhaetian deposits resemble
essentially those on Lagryggen, but the top sandstones again increase
in thickness.

On Waweltoppen and north of Ostra Bramatoppen both the top and
the bottom sandstones are thick. The central part of the complex con-
sists of argillaceous light-grey and green shales with violet ores, simi-
larly as on Heimfjella and Bernerberget.
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No data concerning the Rhaetian between Polakkfjellet and Keilhau-
fjellet and Kistefjellet are known, On Keilhaufjellet (Werenskiold’s section
from 1919), there is a layer of a red conglomerate, 2—3 m. thick, under-
lain by sandstones and overlain by the marine Jurassic. On Kistefjellet
{Werenskiold’s section from 1919 and 1929), beneath the Callovian beds
with Kepplerites (Seymourites) tychonis Rav., there are 20 m. of sand-
stones overlying a 2—3 m. layer of conglomerate with pebbles of Car-
boniferous cherts, of quartz and of quartzites, 10 to 15 mm. in diameter,
separated from the Upper Triassic by a discordance.

On analogies with Torell Land the writer thinks that sandstones
underlying the marine Jurassic in the both above mentioned sections,
represent the Rhaetian, developed in a facies similar to that of Reinodd-
en. The conglomerates underlying the sandstones also belong to the
same series. The upper conglomerate from Keilhaufjellet is either of an
Upper Liassic age or an equivalent of the red bone-beds from Engadiner-
passet.

Red weathering bone-beds (Engadinerpasset) locally occur in the
lower part of the upper sandstones. Within the shale complex, local
facial changes are distinct, even over small distances, suggesting the
presence of shalow water reservoirs with abundant Estheria. The
plant-bearing rocks form three layers: in the lower sandstones, in
the lower, and in the upper parts of the upper sandstones. The flora
has been preserved best within the latter layer which has yielded
species determined by Nathorst. The distribution of plant remains,
however, is not uniform. Several layers with flora immediately succeeding
one another in the same section have been noted only in a few places.

The Rhaetian sediments must have been deposited in large lakes,
of varying range and of varying conditions of sedimentation and
aeration. Flat islets emerged and disappeared. The coastal zone of that
vast swampy basin with lakes lay in the west, slightly westward of
the present eastern limit of the Hecla Hoek Formation which is
covered by the Rhaetian deposits on its eastern peripheries only. The
course of this coastal zone is indicated by the sandstone facies occurring
on Reinodden, in Kistefjellet and in Keilhaufjellet. No information is
available as to the occurrence of deposits referable to the Rhaetian west
of the line uniting these points. There is no mention in literature of
a series in western Sérkapp Land placed between the Jurassic beds which
commence there with the Callovian (Stormbukta) and the Upper Triassic
(Carnian with Nathorstites lindstrémi J. B6hm).

North of Bellsund, Rhaetian beds of an entirely sandstone facies
are absent. In Grénfjorden, which lies outside the anticlinal zone of
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the Hecla Hoek Formation, the facies of the Rhaetian is argillaceous.
Further east, in the interior of Isfjorden, in Bertilterget occur the
upper plant-bearing sandstones (Nathorst 1910a), kone-beds (Stensié’s
wupper bone-bed” with remains of stegocephalians) and also coal seams
and fairly frequent intercalations of red shales.

It was among similar deposits in the Sassenfijorden region that
A. K. Orvin (1940, p. 30) discovered a coal seam, and K. Gripp (1927)
traced it among sandstones terminating the Triassic sequence on the
shore of Agardhbukta .and in Halmeberget between Mohnbukta and
Wichebukta.

Further north on the shores of Hinlopenstretet, at Thumb Point
in Wilhelméya (G. de Geer’s, 1923, section), the Rhaetian is about
82 m. thick. It commences with a plant-kearing arenaceous layer,
22 m., higher up occurs a sandstone bed (2 m. thick) with reptile
remains, and, 58 m. higher, an Upper Liassic bed ccnsisting of concre-
tions with Coeloceras polare Freb. (Frebold 1929a).

The sandstones complex with coal seams which Orvin (1940) corre-
lates with a similar complex recorded from Sassenfjorden and from
the eastern shore of Spitsbergen in Agardhbukta, has also been reported
from Edgedya. Falcon in 1928 in his description of the neighbourhood
of Tjuvfjorden in the southern part of Edgedya, mentions sandstones
and arenaceous shales interbedded with coal seams of the uppermost
Triassic age. According to that author this complex is underlain by
blue and red shales (80 m. thick), containing layers and concretions
of siderite. Still lower down there occurs a complex of bituminous
shales with limestone intercalations. Falcon also mentions a discordance
between sandstones and shales, which he observed at Kvalpynten. This
discordance resembles that noted by W. Werenskiold beneath similar
sandstones overlying the Upper Triassic on Kistefjellet in Sa'kapp
Land *).

The Rhaetian age of the sandstone series from Edgedya is, moreover,
suggested by the character of the flora collected by G. de Geer (1907)
and Th. Tschernyschew from Kapp Lee in the north-western part of
the island. Nathorst (1910a) compared this flora with that found on
the western shores of Vestspitsbergen, above all in Bellsund and Van
Keulenfjorden.

*) It cannot be compared with the discordance at the bottom of the Upper Triass-
ic in Kistefjellet, s'nce in Edgedya beneath the discordance the Upper Triassic
occurs. ’ :

Studia Geol. Pol. — 5§
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The sandstones from Edgebya are, therefore, undoubtedly of the
Rhaetian age. The underlying blue and red shales, lying below the
discordance reported by Falcon, though also variegated, apparently
constitute and independent member. Perhaps it represents the higher
part of the Upper Triassic (Norian) which is absent in the western
part of Vestspitsbergen. The blue and red colours of these shales may
suggest some analogies with the Keuper beds of Central Europe.

The discordance often observed between the Upper Triassic deposits
and the overlying light-coloured sandstones and grey-yellow-greenish
argillaceous shales, the existence of a conglomeratic layer at the base
of these shales, and their completely different facial character, imply
the independence of these deposits from the Upper Triassic complex.
On the other hand, these deposits are everywhere distinctly separated
from the overlying Jurassic by a conglomerate with phosphorites and
with an Upper Liassic ammonite fauna.

On the evidence of flora, determined some 50 years ago by Nathorst,
it was generally recognized that these deposits belonged to the Rhaetian.
Howewver attention should be drawn to the stratigraphic misinterpreta-
tion of the comparisons of this flora with those from the Rhaetian and
the Lias in Scania in the fundamental work by Nathorst (1910c), and
which was elucidated by T. M. Harris (1935) and G. Troedsson (1951).
The. determination of the age of the flora from Ingebrigtsenbukta is
also based on the comparison with the Scanian flora. The difficulties of
the stratigraphic interpretation of comparisons suggest that the correla-
tion can be only most general.

Taking this into account the writer is inclined to suppose, on analc-
gies with the conditions in the region of Scoresby Sound in Greenland
(Harris 1935) that the floras from Spitsbergen represent not only
the Rhaetian but also a part of the Lower Lias (Hettangian). The cha-
racter of the Spitsbergen flora described by Nathorst is not inconsi-
stent with this supposition since this flora does not contain reliable
index forms characteristic of the Rhaetian only.

It might be mentioned here that the bluish-red series from Tjuv-
fjorden described by Falcon in 1928 from Edgedya and considered by
the writer as older than the Rhaetian, has its equivalent in the ,,Upper
Klitdal Formation” of Scoresby Sound. This formation consists of
red marls interbedded with limestones, and is also tentatively consi-
dered as an equivalent of the Keuper. The general character of sedi-
ments and their flora and fauna (containing Estheria) in Spitsbergen,
described above, are similar to those of the Continental Series of the
Rhactian and of the Lower Lias (Hettangian) age, not only in Green-
land, but also in Scania and in central and north-western Poland.,
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In central Europe this series, nearly 1000 m. in thickness (S. Z. Ré-
zycki 1958) fills the vast depression stretching from the Scandinavian
Shield to the foreland of the Hercynian massifs of the Holy Cross Mts.
and of the Sudeten Mts. The series described from Spitsbergen lies on
the opposite, i. e. on the northern side of the Scandinavian Shield. It is
obvious that the Jurassic sea transgressed both these areas nearly simulta-
neously.

This analogy will seem less surprising if we consider that, at the
close of the Triassic, the palaeogeographic conditions radically changed.
The Triassic and the Lower Lias faunas in Spitstergen suggest connec-
tions with the Pacific Province. They are followed by the Upper Lias
and the higher Jurassic faunas which indicate direct communication
with the seas then occupying the territory of England and central
Europe and, later, also northern Europe and central Russia.

The pattern of transgressions in the Upper Lias and in the Upper
Jurassic distinctly differs from that in the Triassic. All the Jurassic
transgressions are due to the Cimmerian movements, which though
not responsible for any major tectonic disturbances within the studied
areas, formed great flat deformations.

The Upper Liassic transgression south of the Scandinavian Shield
floods the Polish-Danish depression and, nearly simultaneously, inva-
des an analogous depression between Scandinavia and Spitsbergen.

Towards the end of the Kimeridgian a regression occurs in both
these areas, followed by a new transgression in the uppermost Jurassic.
The latter brought the Volgian fauna which migrated N and W from
the Moscow basin.

Upper Lias

The Upper Lias deposits with a fauna of ammonites of the lower
part of the Upper Toarcian, was first reported by H. Frebold (1929a)
in Botneheia, south of Sassendalen, on the base of A. K. Orvin’s collec-
tions. A little later a fauna of the same age was discovered in seve-
ral places in the neighbourhood of Agardhbukta (Frebold 1929d). All
these places are situated within the north-eastern margin of the exten-
sive central Spitsbergen depression filled with Tertiary deposits.

The first mention of the Liassic fauna on the western coast of
Vestspitsbergen, was made in the preliminary report of the Polish 1934
Expedition (Rézycki 1936a). In his monograph on the geological structure
of Spitsbergen Orvin (1940 p. 32) quotes this information when men-
tioning the occurrence of the Lias within the Bellsund area.

The writer found the Upper Liassic deposits in many places in Torell
Land. As a rule the Upper Lias rests conformably on the highest sand-
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stone layer of the Rhetian-Lower Liassic series, though there was no
sedimentation for a long time.

The outcrops of the Upper Liassic have been found in Ingebrigtsen-
bukta, north of Roysfjellet, in the western part of Heimfjellhumpane,
Leinryggen, in the north of Subbhbégda, Bernerberget, Engadinerpasset,
Engadinerberget, Lagryggen, in the central and southern parts of Geograf-
ryggen, and in Jurakammen, north-east of Waweltoppen, on the western
slopes of Foldaksla, north-east of Tilasberget, in several sites in the
south-eastern part of Heimfjella, in a small syncline on the eastern
slope of Kopernikusfjellet, and in the eastern part of Polakkfjellet.

In Torell Land and in the north-eastern limb of the central syncline
the marine Upper Lias is represented by one bed only, not more than
some tens of centimetres thick, consisting of quartzite pebbles and
phosphorite concretions. Within the investigated area the Uppar Liassic
phosphorite layer contains a rich and fairly well preserved fauna mainly
of ammonites (NE Heimfjella, Subbhégda, Bernerberget, Lagrygsgen,
Geografryggen), with the predominance of representatives of Pseudo-
lioceras (e. g. Pseudolioceras compactile Simps.). ,,Cceloceras” polare
Freb. occurs less abundantly but it may be found in nearly every
outcrop, while Grammecceras seemanni Dumort. and ,,Harpocéras” eseri
Oppel are much rarer. Several other ammonites have been collected
in Torell Land.

Pelecypods are much less numerous than in the neighbourhood of
Agardhbukta. Gastropods are still rarer.

These fossils occur in the inner and more phosporitic parts of calcareo-
phosphoritic concreticns, 4 to 10 cm. in diameter, round or ovoidal,
rounded after the diagenesis.

In the environs of Recherchefjorden the Upper Liassis deposits have
been found at Reinodden. They consist of a one metre thick layer
of quartzite pebbles and dark limestonss with rare phosphorites con-
taining some pelecypods. On the shores of Ingebrigtsenbukta the phos-
phorites are somewhat more abundant and ammonites appear (e. g.
Pseudolicceras compactile Simps.).

In the Upper Liassic layer west of the line Ingebrigtsenbukta-Enga-
dinerpasset pebbles, several centimetres in diameter, predominate. These
pebbles derived from the west i. e. from the Hecla Hoek Formation
and from the younger Paleozoic rocks. Abundance of pebbles and their
size imply the proximity of the shore. Eastward from the mentioned
line, the amount of phosphorites gradually increases, and fossils, espe-
cially ammonites, become more abundant. This suggests that the sea
gradually deepened eastward.

The occurrence of the marine Upper Lias in Agardhbukta and



Upper Jurassic and Cretaceous 69

Dunérbukta and at Thumb Point on the shores of Hinlopenstretet
implies that the sea extended far eastward and northward.

In southern Vestspitsbergen (Sérkapp Land) no Upper Liassic fauna
has been found. It is possible that the Upper Liassic is represented there
by conglomerates — red when weathered — found by W. Werenskiold
and A. Hoel in 1919 in Keilhaufjellet and Kistefjellet. The Upper
Liassic age of these 2—3 m. thick conglomerates, however, is rather
doubtful, since in Kistefjellet, according to Werenskiold’s section men-
tioned by H. Frebold (1935), they lie not only below a layer with the
Callovian fauna but also below a 20 m. thick sandstone series, most
probably belonging to the Rhaetian — Lower Liassic sequence. It is
more probable that the Keilhaufjellet conglomerates represent the
Upper Lias, although the relatively small size of pebbles, and the
red colour resemble rather those of the rocks occuring within the
sandstones of the Upper Rhaetian — Lower Lias series at Engadiner-
passet.

The fauna of the phosphorite layer in Torell Land consists mainly
of ammonites of the Middle and Upper Toarcian (Arkell, 1956). This
agrees with Frebold’s (1929b) opinion concemning the Upper Lias on
the eastern shores of Vestspitsbergen. Faunas of the Aalenian or of
the Dogger have not been found. It seems, however, that some ammo-
nites collected by the author in Lagryggen in 1934 resemble certain
ammonites characteristic of the Lower Vesulian (= Upper Bajocian)
parkinsoni zone (Rodzycki, 1936a). These specimens were destroyed
during the 2-nd World War. The writer, therefore, could not revise
his determinations from 1935.

As to the origin of the Upper Liassic phosphorite layer, the writer
thinks that its uniformity in the horizontal sense over a wide area is
due to the selective action of bottom currents. This would account
for the general character of the layer and for the simultaneous
occurrence of fossils characteristic of different horizons. It is difficult
to decide when this phenomenon took place: during the Upper Lias,
during the Dogger, or during the period immediately preceding the
Callovian transgression. The writer is inclined to accept the first
possibility.

UPPER JURASSIC AND CRETACEOQUS

The zone of dark shales of the Jurassic and of the Lower Neocomian
(Valanginian) age is 1 to 2 km. wide between Festningen on Isfjorden
and Flathaugdalen on Bellsund, and between Bellsund and the southern
shore of Van Mijenfjorden (de Geer 1919; Orvin 1940). It is 5 km.
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wide on the northern shore of Van Keulenfjorden and 10 km. wide
on the southern shore of this fjord. This widening is due to folding.

More inland, south of Van Keulenfjorden, the zone of the Jurassic-
Lower Neocomian becomes narrower. Still further inland there are
two zones of the Jurassic-Lower Neocomian. The western one stretches
south of Tilasberget, over Leinbreen region and the western margin
of Bernerberget to Engadinerpasset. The other belt, distinctly wider,
stretches from Heimfjella across the eastern part of Bernerberget, Lag-
ryggen, the northern part of Geografryggen and below Zillerberget,
Neumayrberget and Langryggsata to Tirolarpasset. Further on, the zone
of the Jurrassic and of the Lower Neocomian distinctly narrows and
stretches across Knulten, Jurakammen east of Waweltoppen, Ostra
Bramatoppen and the eastern part of Polakkfjellet into the Isskiltoppane
region. Further south the Jurassic-Lower Neocomian beds are visible
on the northern coasts of the inner Hornsund. South of Hornsund the
beds in question are indicated on the map accompaying H. Major’s and
T. S. Winsnes’s paper (1955) on the western slopes of Starostinfjellet,
Smalegga and Bjornskardet.

Farther south, over an area of more than 30 km. the Jurassic-Lower
Neocomian beds are completely concealed by glaciers. They appear
again in the southern part of Sérkapp Land where they were discove-
red by A. Hoel and W. Werenskiold in 1919, while their fauna was des-
cribed by H. Frebold (1928 a, b).

Besides the above described main Jurassic-Lower Neocomian zone,
several isolated occurrences of the Jurassic deposits are reported from
the region of the Hecla Hoek Formation. Within the investigated area an
isolated occurrence has been observed at Reinodden, 7 km. west of Inge-
brigtsenbukta. There, overturned and strongly tectonically disturbed dark
Jurassic shales are visible in a cliff.

In Sérkapp Land, north of Stormbukta, the Jurassic occurs in a simi-
lar position, while in Kistefjellet and Lidfjellet it forms two flat sheets,
resting on the Triassic which discordantly overlies the older formations
(Frebold 1928a, b). On the southern coast of Van Keulenfjorden in spite
cf the considerable width of the Jurassic-Lower Neocomian zone the wri-
ter could not find complete sections. This is to be regretted as in many
places beds with characteristic fauna occur. The writer described, howe-
ver, a complete section of the so-called Aucella Shales from the top of
the Rhaetian-Lower Lias to the bottom of the continental Hauterivian
and Barremian sandstones in the interior of the land, on Jurakammen
north of Waweltoppen (indicated on the Norwegian map of 1953 — Sheet
1:100,000 Torellbreen — as 564 m. point). In this section the thickness
of the Aucella Shales is 586.1 m,
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Another Jurassic and Lower Neocomian section, unfortunately uncom-
pletely observable owing to the snow-cover, was found by the writer at
Tirolarpasset on a crest between Geografryggen and Langryggsita, sepa-
rating the glaciers of Tirolarbreen and Rézyckibreen. In the former sec-
tion fossils were collected from 20 beds, in the latter from 17 beds.

Also in the other sections, i. e. those in Ingebrigtsenbukta, at Rein-
odden, Bernertoppen and Engadinerpasset, fcssils have been found. In
all twenty nine layers with fauna have been found, i. e. not less than
in the classic Festningen section.

Three distinctly different parts of the Aucella Shales may be distin-
guished on their general lithological character. The lower part consists
of dark-grey argillaceous shales. With the exception of its lowermost
part, intercalations of arenaceous or ferrugineous rocks are absent or
very rare. The middle part consists of grey and light-grey shales with
intercalations of ores. It contains over thirty siderite layers from a few
centimetres to some decimetres thick, and 10—20 layers with spherosi-
derite concretions of various size. In the upper part grey shales gra-
dually pass into greenish ones. They are interbedded with conglomeratic
sandstones and locally contain accumulations of characteristic round,
marly-calcareous concretions.

The writer thinks that regional stratigraphical names are very conve-
nient as they are independent of conflicting opinions concerning the
age. The writer feels therefore iustified in calling the lower part of
the Aucella Shales the Ingebrigtsenbukta Series, the middle
part — the Tirolarpasset Series, the upper part — the
Ullaberget Series. This subdivision is based on the observations
of the complete section of the Maim and of the Valanginian on Jura-
kammen, north of Waweltoppen.

Detailed investigation of the Jurassic and Lower Neocomian sections
permitted to establish the presence of more than 130 layers which can
be classified in several groups according to their lithology and fauna.

A detailed description of the Jurakammen section and of other
outcrops of the Aucella Shales will be given in future.

Ingebrigtsenbukta Series
(Lower and Middle Malm)

Callovian

In Torell Land and also in south and east Spitsbergen, the Aucella
Shales begin with the Callovian. The writer did not find there the Lower
Callovian ammonite faunas with Kepplerites (Seymourites) tychonis Ravn,
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recorded from Botpneheia, Wimanfjellet and Kapp Delta in the neigh-
bourhood of Sassenfjorden, and in Kistefjellet in Sorkapp Land. Never-
theless it seems that the Lower Callovian occurs near Bellsund (Reinodd-
en) and Van Keulenfjorden (Ingebrigtsenbukta), as well as in the
interior*). In the first two places it is represented by a siderite bed,
10—15 cm. thick, with badly preserved pelecypods (Limae? Oxytoma?,
Pseudomcenotis?), resting directly on a Liassic phosphorite bed or sepa-
rated from it by a thin layer of dark shale. Farther south and inland
on Lagryggen, the Lower Callovian is represented by ferrugineous
sandstones with belemnites and poorly preserved pelecypods, and higher
up, by a few layers of argillaceous siderite (red if weathered) and inter-
bedded with dark shales.

On Bernertoppen, Engadinerpasset, Geografryggen and Jurakammen,
the lower part of the Aucella Shales consists mainly of dark shales with
Belemnites cf. canaliculatus Schl.

The oldest ammonite zone found is that with Quenstedtoceras aff.
lamberti (Sow.). This ammonite was found in Geografryggen within
a bed of grey and red spotted marl, a few metres above the dark shales.

Throughout the investigated area the upper part of the Callovian
shales is uniform in the horizontal sense, while the lower part shows
distinct facial changes whose origin is not clear.

Oxfordian

Dark-grey Callovian shales pass upwards into almost black argilla-
ceous shales. They form an uniform member, some tens of metres in
thickness, almost devoid of intercalations of other rocks. The fauna
consists of relatively frequent Amoeboceras mnathorsti (Lundgr.) and
of much less frequent Amoeboceras alternans (v. Buch). Pelecypods
are fairly abundant, with the predominance of Scurria oblonga Desh,,
Astarte pumilla Sow., and Nucula sp. This fauna, characteristic of
the Upper Oxfordian has been recorded from Ingebrigtsenbukta and
Reinodden. Some great specimens of Belemnites sp. have been found
in the interior (Tirolarpasset).

In Van Keulenfjorden the thickness of the Oxfordian including the
Callovian is 100—110 m. (Reinodden, Ingebrigtsenbukta) while on Enga-
dinerpasset it exceeds 90 m. Within the eastern zone of the Jurassic,
however, the thickness is smaller (60 m. in Jurakammen and c¢. 65 my
on Tirolarpasset). Further south it decreases and does not exceed 40 m.
in Keilhaufjellet (cf. Werenskiold’s section).

*) The present author found in 1958 in Ingebrigtsenbukta a Lower Callovian
ammonitic fauna in a layer of ferrugineous oolite overlying the Upper Liassic conglo-
merates.
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Lower Kimeridgian — lower part

Beds of this age are completely different from the underlying dark
argillaceous shales of Oxfordian age, as well as from similar overlying
paper-shales belonging to the upper part of the Lower Kimeridgian.
They consist of layers of grey, sometimes even light-grey or ashy, com-
pact, platy marls ("Tonstein”) of the cream colour if weathered, alter-
nated with dark-grey paper-shales. They form as a rule steeper parts
of slopes and sometimes even small peaks. These differences of litho-
logical character are not consistent with the prevalent opinion that the
Jurassic deposits of Spitsbergen are monotonous.

The most characteristic feature of the fauna of this member is the
frequent occurence of Amoeboceras kitchini (Salf.), found in Geograf-
ryggen, above Tirolarpasset, in Bernerberget and at Reinodden and also
in four successive marl layers at Engadinerpasset and in Jurakammen.

In Torell Land the thickness of this member is fairly constant and
averages 35 m. In the Festningen section it is nearly the same. In Keil-
haufjellet, however, it does not exceed 20 m. ("Tonstein” intercalations,
37 to 57 m. from the bottom of the Jurassic, in the Werenskiold’s sec-
tion — fide Frebold 1930Db).

Lower Kimeridgian — upper part

The platy marls are overlain by other dark-grey, paper shales, usu-
ally less argillaceous than the underlying Oxfordian shales. Also this
member is either almost devoid of intercalations of other rocks or con-
tains rare layers slightly more ferrugineous than the enclosing rock, of
the cream-yellow colour (or light-brown when weathered). Fossils are
extremely rare. The writer has been able to collect only a few specimens
of Buchia bronni (Lah.) and some other badly preserved pelecypods.

The writer determines the age of this member as the Kimeridgian
mainly on analogies with other sections in Svalbard, particularly with
the Festningen section, where a similar member considered by W. J. Ar-
kell (1956, p. 505) as Lower Kimeridgian occurs. According to Arkell
»wVirgatites cf. scythicus” of Sokolov and Bodylewsky (1931, pl. VIII,
fig. 6), from horizon No. 18 is an ataxioceratid allied to Ataxioceras aff.
discobolum (Font.) and to A. saxicolum (Schneid.) from the tenuilobatus
zone,

The thickness of this member is fairly constant (95 to 100 m.). Its
equivalent in the Festningen section are beds Nos. 10—16, 112 m. thick,
while in Keilhaufjellet the thickness is about 103 m.
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Tirolarpasset Series
(Upper Malm and Lower Neocomian)

Volgian

Many authors have stressed the absence from Spitsbergen of a fauna
of a distinctly Upper Kimeridgian character (ex. Arkell 1956, p. 505).
The results of the present writer’s investigations agree with this opinion
and suggest that this lack is most likely caused by a regression followed
by another transgression in the Portlandian.

The Lower and Middle Malm deposits, rather monotonous, are com-
posed of dark argillaceous shales containing sometimes intercalations of
ferrugineous rocks. They are followed by shales also dark, but more
distinctly laminated (paper-shales) and containing numerous intercala-
tions of argillaceous ironstones and of spherosiderites.

In the Jurakammen section (metres: 192.65 to 238.99) occurs between
the Kimeridgian and the Lower Volgian a rock consisting of great frag-
ments of cream-yellow ferrugineous sandstones with quartz gravel. It
should be considered as a basal conglomerate of the Portlandian trans-
gression.

Almost immediately above the conglomerate Buchia pallasi (Keyserl.)
appears indicating the Volgian.

The overlying shales with several layers of grey siderite yellowish-
-brown when weathered, and with small spherosiderites, attaining a to-
tal thickness of 45 m., contain five beds with fauna. The lowest one,
8.5 m. above the sandstone yields Dorsoplanites sp. mixt. (i. a. Dorso-
planites cf. panderi [d’Orb.]) and Buchia pallasi (Keyserl.). The siderite
beds in the middle of the complex contain Zaraiskites (Provirgatites)
scythicus Vischn., Perisphinctes cf. polygyratus Pavl. and numerous
Buchia.

Near the top of the complex appear typical representatives of Craspe-
dites (Craspedites cf. subtidus Trautschold, etc.) and various Buchia
(Buchia volgensis (Lah.), B. trigonoides (Lah.), B. lahuseni (Pavl.), etc.).

Thus, we are dealing here with ammonites and Buchia typical of the
Lower Volgian and Ryazan stages. The sequence of faunas is similar to
that in the upper Volga region.

Berriasian

The transition from the Portlandian to the Berriasian is gradual. The
Portlandian (Volgian) is overlain by dark-grey shales 57 m. in thickness
(in the Jurakammen section metres from 238.99 to 296.65) with irregular,
rare and thin siderite intercalations. In the upper portion (in the Jura-
kammen section metres from 279.0 to 290.0) occur large spherosiderites
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with Subcraspedites subpressulus Bogosl. Two layers with Buchia occur
in the lower portion.

Lower Valanginian

A few metres above the layer of spherosiderites with Subcraspedites
subpressulus Bogosl. appear light-grey shales. They contain layers of
clay-ironstones and spherosiderites, more frequent than in any other
part of the Jurassic-Lower Neocomian complex. In the Jurakammen sec-
tion (metres from 296.65 to 344.56) and in a 45—48 m. thick part of the
Tirolarpasset section, 16 siderite layers have been counted. The lower
ones are dark-brown and brown if weathered. Somewhat below the
middle of this member, however, up to the top, weathered spheroside-
rites are reddish or even red.

The fauna is particularly abundant in the upper part. It has been
collected there by the writer from four horizons (metres: 323.24; 326.81;
c. 334 and c. 339 of the Jurakammen section) at Tirolarpasset and in
Jurakammen. Have been found numerous well preserved specimens of
Polyptychites perovalis Koenen and of other species of this genus, also
of Buchia okensis (Pavl.), B. subokensis (Pavl.), B. obliqua (Tullb.), B. te-
rebratuloides var. regularis (Pavl), B. keyserlingi (Lah.), and many
others, indicating the Lower Valanginian age.

Upper Valanginian

Still higher up occur light-grey shales with irregularly distributed
spherosiderites, about 58—60 m. thick (in the Jurakammen section me-
tres: 344.56 to 402.93 from the base of the Jurassic). Three clay-iron-
stone layers appear just below the middle of the member quite close
tc each other.

Fossils are less abundant than in the preceding mamber. They are
almost exclusively specimens of Buchia, most numerous within the
uppermost spherosiderite bed. This is a very characteristic feature,
observable in many outcrops. Many species of Buchia occur, among
them Buchia sublaevis (Keyserl.) and B. contorta (Pavl.), indicating the
Upper Valanginian age. No ammonites have been found.

The above described shales are overlain by light-grey and grey sha-
les, 15 m. thick (in the Jurakammen section metres from 402.93 to
418.24), containing some thin siderite layers, red when weathered.

Above this member occur alternating dark-grey and light-grey shales
(in the Jurakammen section metres from 418.24 to 466.47). In their upper
part they contain boulders, and higher up layers of argillaceous sand-
stones, slightly ferrugineous (in the Jurakammen section at 452.34,
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453.32, about 454.50 and 461.77 metres), also thin intercalations of are-
naceous siderite and layers with spherosiderite concretions.

Buchiae, among them Buchia sublaevis (Keyserl.) occur in the upper
part of the member in question (in the Jurakammen section from 452.34
to 452.52 metres).

The thickness of the upper part of the Upper Valanginian is 60 to
65 metres.

Ullaberget Series
(Uppermost Valanginian)

The name of this series is derived from Ullakerget (520 m.) on the
northern coast of Van Keulenfjorden (Nathorst Land), the profile of
which has been described in 1898 by J. G. Andersson (fide Nathorst
1910a, fig. 59).

The arenaceous intercalations in the upper part of the pteceding
member are the first symptoms of the approaching radical change of
sedimentation. This change can be observed in sections on the northern
shore of Van Keulenfjorden, on Tirolarpasset and in many other places.
The writer has investigated it in greatest detail in Jurakammen. Begin-
ning from 466.47 m. of this section appear light-grey shales intercalated
with greenish ones. There are also thin intercalations of dark-grey or
even black shales. Small spherosideritic concretions, always associated
with dark shales, occur in the upper part only.

Grey and dark-grey shales predominate again between 508.77 and
521.65 m. Among them, at 512,85 m. there occurs a layer of arenaceous
ferrugineous concretions, a few centimetres in diameter.

Between 521.65 and 526.65 m. there are three layers of sandstones
with fine-grained quartz gravel. They are separated by grey and gree-
nish shales. The lower and upper sandstone beds are 10 and 20 cm.
thick, respectively,-the middle one attains a thickness of 1.2 m. This
is another sympton of the beginning of regression.

The upper conglomeratic sandstones are overlain by shaly argilla-
ceous sandstones 35 cm. thick. Higher up there occur grey shales,
13 m. in thickness with siderite concretions. Greenish argillaceous
shales begin at 540 m. They contain several thin intercalations of
grey shales which, in the upper portion, occur in three layers (from
0.9 to 2.2 thick) with numerous spheroidal concretions consisting of
a calcareo-marly substance with a low phosphate content, usually
under 10 cm. and exceptionally 506 to 70 cm. in diameter. They are
a very characteristic element of the uppermost part of the shale
member underlying the Continental Series of the Hauterivian-Barre-
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mian age. Their presence in Ullaberget has been noted already in
1898 by J. G. Andersson. They also occur in Festningen (Sokolov &
Bodylewsky 1931) in horizon No. 23. There they lie 626.3 m. above
the layer which yielded Quenstedtoceras sp. from the Qu. lamberti
(Sow.) or the Qu. keyserlingi Sok. groups (Sokolov & Bodylewsky 1931),
i. e. at least 70 m. higher than on Jurakammen.

In Festningen, the upper shale member (65.9 m. thick) and the shale
intercalations in the overlying coarse-grained sandstones (horizon
No. 25) till 28.5 m. from the bottom, contain a marine fauna. In Torell
Land, however, the writer did not find marine fauna in any of the
investigated sections between the bottom of greenish shales (at. 466.47 m.
in the Jurakammen section) and the bottom of the sandstones.

The author thinks that this is due to differences of facies since,
according to other authors, greenish shales do not occur in this complex
in the Gronfjorden area.

It seems that in the investigated area this complex has a more
distincly littoral character. The existence of lagoons is possib!z.

In the Jurakammen section this member terminates with light-grey
shales, 17.5 m. thick, with intercalations of, and cavities filled with,
arenaceous-ferrugineous deposits. The top of these shales lies 586.1 m.
above the upper surface of the phosphorite-bearing Upper Liassic bed.

The determination of the age of this complex is based solely on
analogies with the Festningen section, where according to H. Frebold
and E. Stoll (1937) the highest part of the shale complex is of an upper-
most Valanginian age. Sokolov and Bodylewsky (1931), however, were
inclined to place it at the beginning of the Hauterivian.

Continental Series
(Hauterivian and Barremian)

The Continental Series of the Middle Neocomian age, containing
a characteristic horizon of the so-called ,,Festningen Sandstone” (the
, Festungssandstein” of A. Hoel, A. K. Orvin and H. Frebold) is the
most conspicuous element of the Spitsbergen Mesozoic, both as regards
its lithological composition and its morphological features. Light colours
and occurrence in steep slopes clearly distinguish this complex from
the dark Jurassic and Neocomian shales. It can be recognizable from
a considerable distance. Deztailed sections of these sandstones have
been described: cne on the western slope of Langryggsata facing Rozycki-
breen, another on an unnamed mountain (summit 564 m. a. s. 1)
situated about 2.5 km. north-east from Waweltoppen. The latter
is a continuation of the Jurakammen section.
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There are no essential differences between these sections.

The lowermost member of this series, situated below the true Fest-
ningen Sandstone, consists of grey, laminated sandstones, about 3 m.
in thickness, with small lenses of dark shales and with plant remains.
One quartzite bed some tens of centimetres thick usually occurs
among the sandstones. These sandstones are overlain by 6.5 m. of
dark-grey-greenish sandstones, well bedded and cemented so strongly
that they superficially resemble quartzites. The only fossils found de-
rive from Jurakammen, where the writer collected some specimens
of pelecypods, probably Inoceramus (I. spitzbergensis Stolley?). They
may indicate the beginning of the Hauterivian.

Both the above described sandstones and the Ullaberget Series
should be considered as terminating the sedimentation of the Jurassic-
Lower Neocomian shales, and not as beginning the continental beds of
the Middle Neocomian.

Faunas similar to those mentioned from horizons Nos. 24—28 of the
Festningen section have not been discovered in Torell Land.

At the top of the above described sandstones, separating them di-
stinctly from the overlying white sandstones, occurs a well developed
white conglomerate, from 80 c¢m. to 1 m. in thickness, with pebbles of
quartz (and of quartzites?), from 5 to 15 mm. in diameter. It has been
found in several sections.

This conglomerate begins the sedimentation of the ,,Continental Se-
ries”.

The conglomerate is overlain by 16 to 20 m. thick white, strongly
cemented platy sandstones, corresponding to the Festningen Sandstone
(,,Festungssandstein”). Higher up lie dark bituminous shales, 5 to 6 m.
thick, with two beds of light-coloured compact sandstones and with
thin coal-seams. Marine fossils have not been found by the writer.
Within the upper part of shales plant remains appear abundantly.

The stratigraphic position of the shales with plant remains is simi-
lar to that of the ,,Elatides-Schichten” of A. G. Nathorst (1913) and
of A. Hoel (1918—1929).

The shales with plant remains may be probably correlated with the
deposits found by Nathorst (1910a) in Svedenborgstupet on the southern
shore of Van Mijenfjorden which contain Baiera cf. longifolia Panel.
and other plant remains. A similar deposit with a coal seam some tens
of centimetres in thickness, has been reported by J. G. Andersson in
1898 (fide Nathorst 1910a) from Ullaberget. It contains a red-brown
siderite layer. Such a layer has not been observed by the present
writer in central Torell Land.
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The shales with plant remains are overlain by white sandstones (about
23.5 m. thick) intercalated with grey shales. and by similar sandstones
without argillaceous intercalations (about 12 m. in thickness). Higher up
occur dark bituminous shales 25 m. thick, with abundant plant-detritus,
imprints of complete plant leaves and fragments of carbonized wood.
Still higher up occur tabular shaly sandstones interbedded with grey
shales containing plant-remains. This is already the fourth plant-bearing
zone in this section, among deposits whose lithological features and
stratigraphic position are similar to those of the ,,Ginkgo-Schichten”
of A. G. Nathorst (1910a, 1913).

The total thickness of the Continental Series in Spitsbergen, which
has been assigned to the Hauterivian-Barremian, or even to the upper-
most Valanginian (Sokolov & Bodylewsky 1931; Frebold 1928a, b, 1929b)
is about 116—120 m., excluding the 9.5 m. of dark sandstones underlying
the conglomerate bed with quartz pebbles.

In the Festningen section the total thickness of the Continental Se-
ries is similar to that in Torell Land, though the thickness of particular
beds is distinctly different (cf. T. Hagerman 1925; H. Frebold 1929). In
the vicinity of Braganzavagen and Agardhbukta both the lithological
sequence and the thickness are distinctly different from those in Torell
Land. In Torell Land and Gronfjorden, there are no equivalents of Hager-
man'’s cross-bedded ,,Shore Sandstone” and the Continental Series is more
diversified.

In the Festningen section the intercalations with marine fauna occur
as far as the Elatides zone situated at the top of the ,,Festungssandstein”,
while in Torell Land the intercalations terminate under thz conglome-
rate layer at the bottom of this sandstone. This is a very important
difference.

The ,,Shore Sandstone’” which occurs on the eastern shores of Vest-
spitsbergen, is probably a deltaic deposit (T. Hagerman 1925; A. K. Orvin
1940, p. 34). In Torell Land marine intercalations are absent in the lower
part of the sandstone series. In the Festningen section the ,,Shore Sand-
stone” is partly younger than in other places. This distribution of facies
suggests that in the Middle Neocomian the land was in the east, and
that the sea gradually retreated westwards, towards the area now under
the Atlantic Ocean.

Ditrupa Shale Series
(Aptian and Albian)

The area of the Continental Series of the Hauterivian-Barremian
age has been again fransgressed by the sea in the Upper Neocomian.
Deposits similar to those of the Valanginian have been formed. Dark-
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grey and light-grey shales with siderite seams and spherosiderite con-
cretions occur again. Sandstone intercalations, however, predominate
distinctly. They indicate the proximity of an intensely eroded land.

In Torell Land (Langryggsata and Fotografryggen) this series commen-
ces with thick-bedded, laminated, steel-grey, greenish (yellow when
weathered) sandstones more than 40 m. thick, Flysch-like in some
respects. Large poorly preserved marine pelecypods, e. g. Inoceramus
sp. (similar to I. labiatiformis Stolley and I. spitzbergensis Stolley)
occur. These sandstones are overlain by 26 m. of grey shales inter-
calated with fine-grained sandstones with numerous traces of worms.
On these shales rest sandstones 6 m. thick. They are followed by
a thick complex of grey and dark-grey argillaceous shales with inter-
calations of fine-grained sandstones, layers and concretions of sphe-
rosiderites, and layers of cone-in-cone marls. The maximum thickness of
the whole series is ¢. 300 m.

Ditrupa decorata Stolley is fairly abundant from the very beginning
of the series which was called ,Dentalien-Schichten” by A. G. Nat-
horst (1910a) and, later, ,Ditrupen-Schichten” by E. Stolley (1912).
This series can be easily observed on the slopes of Firkanten, on the
northern shore of Van Keulenfjorden, where it was investigated by
J. G. Andersson in 1898 (fide Nathorst 1910a). According to the present
author it continues on the western slopes of Dalméya in Nathorst Land.
South of Van Keulenfjorden it occupies the major part of the area
between Penckbreen and Nathorstbreen, stretches across the slopes of
Waly Hetmanskiefjellet and Bernadzikiewiczfjellet and is present in
a small area in the north-eastern part of Polakkfjellet.

The series in question is developed also to the north and to the
south of Hornbreen. Further south it spreads over nearly the whole
Sérkapp Land where only on Hedgehogfjellet and between Isbukta
and Bettybukta it is covered by Tertiary rocks (map by Major & Wins-
nes 1955).

The writer did not study in detail the stratigraphy of this series
as it occurred only in the peripheral parts of the area described in
the present paper. Its Aptian age is established on Crioceras (Trapeum)
arcticum Stolley found in the lower part of the series. The presence
of Hoplites cf. jachromensis Nikitin found in Barryneset and Kolfjellet
on Van Mijenfjorden and also in Firkanten on the northern shore
of Van Keulenfjorden (according to Hoel, 1920) suggests that the
Albian, not found elsewhere in Spitsbergen is represented in the Ditrupa
Shales.
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General Remarks on the Upper Jurassic
and Cretaceous

In Torell Land no important facial changes have been observed by
the writer in the Upper Jurassic and Lower Cretaceous shale complex,
excepting the Callovian and the uppermost part of the Valanginjan.
The thickness of the whole complex, however, is not constant. Fauna is
monotonous in the horizontal sense.

The total thickness of the Malm and Lower Neocomian complex
on Keilhaufjellet, in the extreme south of Vestspitsbergen, is estimated
by Werenskiold (1919; Frebold 1929d) as 550 m. According to H. Frebold
(1929d), on Agardhbukta on the eastern shore of Vestspitsbergen, there
are about 575 m. from the bottom of the marine Jurassic to the middle
part of the Cretaceous Continental Series. The writer’s detailed measu-
rements show that in Jurakammen in central Torell Land the thickness
of the marine Jurassic and Lower Neocomian attains 586.1 m. i. e.
25—36 m. more than on the eastern coast of Vestspistbergen.

At Festningen, according to A. Hoel and A. K. Orvin (1937), the
thickness of an analogous complex is about 700 m. The writer supposes
that this figure is about 50—60 m. too high owing to the tectonic
disturbances in the horizon No. 22 not being taken into account by the
authors mentioned. The thickness of the Malm and Valanginian beds
would be, therefore, at least 640—650 m., which is more than in Torell
Land.

Comparisons of thickness of particular members elucidate the mode
of the change of the total thickness of the shale series, and confirm
the supposed gradual increase of thickness north-eastwards or even
westward. This increase is greatest in the lower part of the shale com-
plex called above the Ingebrigtsenbukta Series and containing beds
of the Callovian, Oxfordian and Lower Kimeridgian age. In Keilhau-
{jellet, 75 km. south from Polakkfjellet, its thickness does not exceed
160 m. A similar figure should be expected above Storfjorden, but no
accurate data are available.

In the eastern zone of the Jurassic-Lower Neocomian in Torell Land
(from Heimfjella to Polakkfjellet) the total thickness of this series is
190—200 m. In the western zone (Ingebrigtsenbukta — Engadinerpasset)
the total thickness is 230—240 m., and farther north, at Reinodden, it
attains 250 m. and thus comes very near to the thickness noted in the
Festningen section, 65 km. to the north.

On the other hand, the thickness of the Tirolarpasset and Ullaberget
Series, representing the Portlandian (Volgian), Berriasian and the Valan-
ginian is nearly constant in Torell Land (Jurakammen: 393.45 m.) and in
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Sorkapp Land (Keilhaufjellet — c. 390 m.). In Festningen, however, it is
probably greater (about 445 m.?), but this may be due to faults observed
by Hoel and Orvin within the Valangian rocks.

The upper part of the Ullaberget Series is about 120 m. thick in
Torell Land (Jurakammen section). On the northern shore of Van Keulen-
fjorden in Nathorst Land it is supposed to be somewhat thinner. De-
tailed measurements, however, are lacking.

TERTIARY (PALEOCENE — EQOCENE)

On the northern shore of Van Keulenfjorden the Tertiary deposits
form an imposing wall 20 km. long, which stretches from Firkanten,
across Kolthoffberget, Pallfjellet and Brongniartfjella towards Otto
Pettersonfjellet.

South of this fjord the Tetriaty occurs in rather small isolated
areas in the highest parts of Basilika, Sukkertoppen, Suessberget, and
Neumayrberget, as well as in those of some less important hills lying
further east. It is also present in some areas in Langryggen, Waly-
Hetmanskiefjellet and Bernadzikiewiczfjellet. East of the latter, the
Tertiary occurs in an area on Arrheniusfjellet. From there it stretches
along the extension of the central Vestspitsbergen depression beginning
from Isfjorden. Faunas of the Paleocene and Eocene age have been found
in Basilika and Brongniartfjella (J. P. J. Ravn 1922).

The subdivision of the Tertiary beds establised by Nathorst (1910a)
can be used in the studied area. Two series occur here: the Lower
Light Sandstone Series and the Lower Dark Shale Series. They form
the culminations of the above mentioned mountains south-west of
Nathorstbreen. The younger series occur north of this glacier, being
probably absent to the east of Polakkfjellet.

All the exposures of the Tertiary rocks are situated on the per:-
pheries of the area described in the present paper. No detailed investi-
gations have been made by the writer. However, the data ascertained
confirm A. K. Orvin’s (1940, p. 40) suggestion that the thickness of
the Lower Dark Shale Series increases southward.

DOLERITE INTRUSIONS

Basic magmatic rocks do not play an important réle in the studied
areas of Torell Land and Wedel Jarlsberg Land. They form sills,
1—3 m. thick, fairly abundant in various Carboniferous rocks (Fig. 11,
12). Frequently they follow the same stratigraphic horizon for a distance
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of many kilometres. Sometimes they form short apophyses or make
their way upwards through layers, regaining their former horizon some
metres further on. Such phenomena have been observed by the writer
on the northern slope of Zittelberget and in Aldegondaberget.
However, the stratigraphical position of sills over a larger area may
vary. It is noteworthy that these differences are closely related to parti-
cular tectonic units and even constitute their characteristic features.
One dolerite sill occurs slightly below the middle part of the Culm
Series within the overthrust Berzeliustinden fold, on the slopes of Alde-
gondaberget and on the ridge di-
viding Bliimckebreane in two
glaciers. In the upper part of
Hessbreen, however, where the
next fold appears from below
the overthrust, the dolerite sills
occur always in the lower and

Fig. 11
Rozszczepienie zyly warstwowej (sillu)
dolerytu wéréd piaskowcéw kulmu, na

Fig. 12
Przebieg zyly (sillu) dolerytu wsréd
wapieni gérnego karbonu na Ntupen

pélnocnym zkoczu Aldegendaberget.
Skala 1 : 1000

(na pélnoc Zittelberget). Skala 1 : 500

Upper Carboniferous limestones with

a dolerite sill. Nupen (north of Zittcl-
berget). Scale 1 : 500

Culm sandstone with a dolerite sill
dividing in two. Northern slope of
Aldegondaberget. Scale 1 :1 000

higher parts of the Cyathophyllum Limestones. They are found
again in the same position in Hermelinberget, Revtanna and Saussure-
berget. One only dolerite sill is noted between Nuppasset and Zittel-
berget; it occurs in the lower part of the Cyathophyllum Limestone.

No dolerite sills in the Carboniferous rocks have been observed by
the writer south of the latter mountain, in Supanberget, and in Koper-
nikusfjellet.

No intrusive rocks have been found within the Mesozoic beds near
Van Keulenfjorden and in the southern part of the studied area. In the
interrior of the land, their presence has been ascertained only in Jura-
kammen, to the north-east of Waweltoppen, where the dolerite forms
a dike in the Jurassic shales (Fig. 13). Its direction changes from 65°
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ENE 50° to 70° ENE 127, still farther west it dips in the opposite direc-
tion (to WSW) at an angle of 35 to 40 degrees, and cuts the Malm shales
and the Rhaetian deposits almost perpendicularly to the bedding, and
disappears downwards in the Triassic. Contact metamorphism has not
been observed.

This is the only dolerite intrusion in the Jurassic shales known in
the western part of Svalbard.

North of Van Keulenfjorden, on Midterhuken, there is an excellent
outcrop of a dolerite sill folded together with the Upper Culm rocks in
two small recumbent folds. Another sill, in the upper part of the Cyatho-
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Fig. 13
Przebieg zyly (dajki) dolerytu wsréd skal retyku (R) i jury gérnej (J) na Jurakam-
men, na péinocny wschéd od Waweltoppen. Skala 1:1000
Rhaetian (R) and Upper Jurassic (J) traversed by a dolerite dike. Jurakammen, NE
of Waweltoppen Scale 1 : 1000

phylum Limestone is not folded. This indicates that the dolerite intru-
sions are pre-orogenic to the Alpine Tertiary folding.

On the other side of Van Mijenfjorden dolerite sills occur in the Cuilm
deposits over a large area. They are also present in the Upper Carboni-
ferous rocks. In the interior of Isfjorden and in the north-eastern part
of Vesuspitsbergen, intrusions occur frequently in the Triassic rocks. On
the eastern coast on the shores of Mohnbukta, Heleysundet and Wilhelm-
oya they are present in the Jurassic rocks and still further east, on
Kong Karls Land even in the Valanginian and in the Continental Series
of the Hauterivian and Barremian age. They have not been as yet found
in the Tertiary rocks.

It should be stressed that throughout Svalbard these intrusions become
more frequent within the younger deposits eastward.

Many different opinions have been advanced as to the age of the
dolerite intrusions. Tyrrell and Sandford (1933) think that they are of
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the late Jurassic and Lower Cretaceous age. A. K. Orvin (1940) suppo-
ses that they occurred in the late Cretaceous or in Paleocene and that
they are connected with the Laramide folding in North America.
E. R. Gee, W. B. Harland and J. R. H. McWhae (1952) think that
they are contemporaneous with the extrusions of basic lavas in Green-
land which rest on the Lower Cretaceous and beneath the Middle
Eocene.

The ‘writer thinks that the intrusions are younger than the Lower
Cretaceous and probably older than the Middle Eocene. Most probably
they occurred on the boundary between the Cretaceous and the Pale-
ocene, as it was supposed by A. K. Orvin.

TECTONICS

The structure of the western coast of Vestspitsbergen and the role
cf the Tertiary tectonic movements has been discussed for many
vears. G. de Geer (1896, 1909, 1919) emphasized for the first time the
réle of the Tertiary folding in Svalbard. His views, however, were
refuted by A. G. Nathorst (1910 a, p. 396). For many years there pre-
vailed the view that the younger Spitsbergen tectonic movements were
of saxonic character. This was undoubtedly due to the more activie
exploration of northeastern Svalbard where such movements predo-
minated. .

Along the western coast of Vestspitsbergen the structure is essen-
tially different. In the Tertiary the folded Caledonian rocks and the
overlying younger deposits have becn subjected to strong stresses from
the SW. The resulting structure is rather of alpine than of saxonic cha-
racter. These movements occurred after the Eocene. It is still impossible
to determine their age more exactly. The writer thinks that the Chief
Range between Wedel Jarlsberg Land and Torell Land is very suitable
for theoretical studies of recumbent folds, of small overthrusts, and of
their influence on the substratum.

Great faults are absent in the studied area. There are some small
faults. The only important structures are folds.

It has been thought that along the limit of the area of the Hiecla
Hoek Formation (along the western coast) with the Central Depression,
a flexure was formed. This opinion seemed justified on the then
known data (e. g. A. G. Nathorst 1910a, fig. 82, 81).

The writer studied the exposures figured by Nathorst (I. ¢.) and
arrived to the following conclusions. Taken separately this structure
should be rather considered as a gravitational fold, built of Triassic
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elements detached from the underlying Eotriassic, than as a flexure
caused by compression. However, it is not a gravitational fold, connected
with faulting, but a digitation of a frontal part of a great recumbent
fold. Analogous folds have been found by the writer on the southern
coasts of Van Keulenfjorden on Bravaisberget, on Midterhuken and on
the slopes of Berzeliustinden.

After the 1934 Expedition the present. writer had the opportunity
to discuss with Dr. A. K. Orvin the geology of Spitsbergen. Dr. Orvin
was of the opinion that in the Tertiary a strong folding occurred in the
western part of Spitsbergen. Older rocks thrust over the Tertiary have
been found by A. K. Orvin (1934) in Ny Alesund mines which, though
situated 160 — 200 km. to the north of the area studied by the present
writer, lie in the same tectonic zone. Dr. Orvin’s views concerning these
foldings have been published in his monograph on the geology of Spits-
bergen (1940).

In the investigated area, which is situated between Wedel Jarlsberg
Land (mainly built of rocks of the Hecla Hoek Formation) and Torell
Land (where Mesozoic and Tertiary rocks occur) the Tertiary foldings
are conspicuous. They may be observed in numerous excellent outcrops.
Preliminary reports on the tectonics of this area have been already
published by the writer (R6zycki 1936a, pp. 126—127, 135—136; 1936b,
p. 67). In his preliminary report (Rézyocki 1936a) the present author
maintained that the Tertiary movements were very strong. The same
opinion has been expressed by A. K. Orvin (1940).

A section of the southern slopes of Berzeliustinden and Foldaksla
(see Fig. 14), based wholly on the visible outcrops was included in the
preliminary report of the author (1936a, p. 120—121) as an illustration
of the structure of the main dislocation zone. On this section we see
the Hecla Hoek Formation, unconformably covered by the Culm, thrust
over the Upper Carbonifercus (Cyathophyllum Limestones) and the
Triassic; several complicated structures are visible within the frontal
part of the overthrust Berzeliustinden fold which is built of Triassic,
Jurassic and Neocomian rocks.

In the report mentioned the writer has pointed out that below the
coverthrust occur two folds gradually vanishing eastward. The folded
Mesozoic zone is about 10 km. wide and consists mainly of Upper Trias-
sie, Jurassic and Neocomian rocks. In Pilsudskifjella, within the core of
these folds, below the Lower Triassic occurs the Lower Permian. This
means that the Paleozoic substratum has also been disturbed. These
folds resemble those in the Jura Mountains in the foreland of the Alps.

A general geological map of Spitsbergen in 1:3,000,000 scale (see
Fig. 9) compiled from older maps and from the author’s map of Torell
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Fig. 14
Profil geologiczny wschodniego zbocza Berzeliustinden (1204 m n. p. m.), rysowany na podstawie szkicu perspektywicznego z przeleczy znajdujacej sie na poludnie od
Tilasberget, cze$ciowo uproszczony. Skala ckolo 1 : 20 300 (wg Rézyckiego, 1936a, fig. 1)
EH -y — zmetamorfizowany starszy paleozoik (formacja Hecla Hoek); K;-, — karbon; PK — permo-karbon: T,-; — trias; J — jura: D - sill dolerytu: biale — $nieg i 16d; kropka i kétka —
moreny Lodowca Hessa .
Geological profile of the eastern slope of Berzeliustinden (1204 m.), based on a sketch drawn from the pass S of Tilasberget (simplified). Scale ¢. 1:20000 (cf. Rozycki
1936a, Fig. 1) ’

HH;-; — Hecia Hoek Formation: K,-, — Carboniferous: PK — Permo-Carboniferous; T,.; — Tiiassic; J — Jurassic; D — dolerite sill: blank — snow and ice: dots and circles — moraines
of Hessbreen
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Land was published in a paper on the Arctic (Rézycki 1936b, p. 67). It
shows the most important features of the folded zone in Torell Land,
which is far more complicated than the coresponding zone in Norden-
skiéld Land, between Bellsund and Isfjorden.

The Tertiary orogeny of Svalbard can hardly be regarded as a local
phenomenon, since the folded zone is 300 km. long and several tens of
kilometres wide. Recumbent folds and overthrusts are numerous. The
presence of these foldings on Spitsbergen is completely unexpected.
They do not fit in the established pattern of the distribution of the
Alpides. The folded zone may have continued in the present shelf of the
surrounding seas. We may interpret some young dislocations such as on
Andoéya, an island off the northern Norway (dislocated Jurassic and Neo-
comian similar to the Spitsbergen type) as connected with these foldings.
The strong volcanic activity in the North Atlantic region should also,
as it was supposed by G. de Geer (1919) and maintained by A. K. Orviny
(1940), be connected with these movements, The type of this connection
and also the relation of the Tertiary foldings to the submarine ridges is
as yet unknown.

However, the Tertiary orogeny in Vestspitsbergen has been less in-
tense than the Caledonian orogeny. This is conspicuous though the Cale-
donides have been partly destroyed by the younger movements.

The Caledonides played an important réle in the geological structures
of the western part of Vestspitsbergen. They influenced the distribution
of facies in the initial phases of transgressions, from the Carboniferous
to the Tertiary. The younger Paleozoic and Mesozoic deposits overlying
the Caledonides and the area lying further east are distinctly different.

Within the central depression and east of it breaks in sedimentation
and continental series are always associated with important regressions.
Near the eastern limit of the Caledonides the same series continue. Fre-
quently, however, particularly at the beginning of fransgression the
character of facies is more littoral. Within the area of the Caledonides
the differences consist not only in changes of facies, but also in the
complete lack of some deposits which would be synchronous with intense
sedimentation in the area of the Central Depression. The Carnian over-
lies directly the older Paleozoic and Eocambrian rocks. The Dogger over-
lies the Carnian. The Tertiary is represented only by its highest mem-
bers (Upper Plant-bearing Sandstone Series). The total thickness of the
post-Caledcnian deposits is a few hundred metres only.

West of this zone near the west shores of Vestspitsbergen deposits
gradually become more complete. The Culm here is well developed
(c. 1000 m. thick) and the Upper Carboniferous and the Lower Permian
occur. The younger Paleozoic and Mesozoic deposits are c¢. 1500 m, thick.
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It is impossible to distinguish in this area between the lack of depo-
sits due to the absence of sedimentation and the lack caused by erosion.
Whatever their character was, these lacks imply the existence of a per-
sistent tendency tc positive epeirogenic movements in the area of the
Caledonides.

In the Central Depression subsidence was nearly continuous, resulting
in the accumulation of well over ten thousand metres of post-Caledonian
deposits (Devonian — a few thousand metres, Culm -— up to 1,200 m.,
Middle and Upper Carboniferous — 400 to 500 m., Lower Permian —
2C0 to 250 m., Triassic — 600 to 1,100 m., Jurassic — 250 m., Lower
Cretaceous — 700 to 800 m., Tertiary — 1,200—2,000 m.).

Four or five tectonic zones may be distinguished in the investigated
area (Fig. 15). The first zone covers Wedel-Jarlsberg Land. It consists
of great Caledonian folds rebuilt by younger movements. These move-
ments also formed many small folds, often asymmetric, with the eastern
limb steeper or even reduced.

Two directions of stresses may be reconstructed in the older Paleo-
zoic rocks of the Hecla Hoek Formation, one NW-SE, the other NNW-
-8SE. Usually it is not easy to separate them, but if one compares the
intersections in the area east of Torellbreen and in Dunderbukta region,
¢ne can see them quite distinctly. ‘

In the younger members of the Hecla Hoek Formation between Hale-
nuten-Bleikskallen-Bjérnbrepasset the author found a syncline which,
according to investigations of K. Birkenmajer (1938 a, b) continues south-
ward. This syncline can be traced also north of Amundsenisen, according
tc the data published by A. Hoel (1918) and A. K. Orvin (1940).

The second zone, situated to the east of the first stretches .along the
Chief Range from Berzeliustinden across Hermelinberget, Saussureberget,
Zittelberget, Supanberget, Stanistawskikammen, Lysefjellet, Kopernikus-
tjellet, Curie-Sklodowskafjellet, and then in the direction of Marie-
toppen and Hyrnefjellet on the shores of Hornsund. Tectonic distur-
bances are very strong. Several recumbent folds occur. In the northern
part of the zone there are folds thrust 5—7 km. eastward over the yvoun-
ger formations. In the northern and central parts of the Chief Range the
folds consist mainly of the younger memkers of the Hecla Hoek Forina-
tion, of the Carboniferous, of the Lower Permian, of the Triassic and
of the Jurassic. Further south, outside the studied area, the Devonian
and the older members of the Hecla Hoek Formation also occur in the
folds.

Four folds, obliquely thrust eastward one over another can be distin-
guished. Thus the Saussureberget fold is thrust over the Supanberget
fold which has been traced by the writer on Kopernikusfjellet and still
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Fig. 15
Szkic tektoniczny péinocno-zachodniej cze$ci Ziemi Torella oraz przylegtych czeSci Ziemi Wedel-Jarlsberga i Ziemi Nathorsta
M — fald Midterhuken; B — fald Berzeliustinden; Ss — fald Supanberget; E — antyklina Engadinerberget; P — antyklina Pilsudskifjella; H — antyklina Heimfjella
Tectonic sketch of the NW part of Torell Land and the adjoining parts of Wedel- Jarlsberg Land and Nathorst Land

M — Midterhuken fold: B — Berzeliustinden fold; Ss — Saussureberget fold; § — Supanberget fold; E — Engadinerberget anticline; P — Pilsudskifjella anticline;
H — Heimfjella anticline
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Szkic perspektywiczny z rysunkiem budowy geologicznej Saussureberget (1039 m) i Bernerberget (777 m). Skala okolo 1 :20 000. Rysunek autora 11. VII. 1934
Po lewej) jedndstka tektoniczna Saussureberget z formacja Hecla Hoek (HH) w Jadrze faldu, przykryta przez kulm (Cu), karbon gérny (Cy) i dolny perm (B. Ch.), ktére w dolnej czesci' (na poziomie Sveisarfonna)
zaczynajg zawijaé sie ku zachodowi (,,wstecz’). W Srodkowej czgsci szkicu strefa zluZnien i silnego zdyslokowania triasu dolnego (T;) i Srodkowego (T;). obalonych na strefe synklinalng z jurg gérna (J).

Po prawej (Bernerberget) jednostka ze sfaldowanym triasem $rodkowym (Tj), gérnym (T;), retykiem (R), gornym liasem (L) i wyzszq jura (J). D — sill dolerytu
Geological sketch of Saussureberget (1039 m.) and Bernerberget (777 a). Scale ¢. 1 : 20 000. Drawn 11, 7. 1934
From left to right: Tectonic unit of Saussureberget built up of the Hecla Hoek Formation (HH) and Carboniferous (Cu, Cy) and Permian (B. Ch.), overturned in the lower part of the slope; sirongly disturbed
recumbent anticline built up of the Lower Triassic (T;) and Middle Triassic (T;) rocks overlying the synclinal zone built of the Upper Jurassic (J) rocks; folded Middle Triassic (Tp). Upper Triassic (Ty),
Rhaetian (R), Upper Liassic (L) and Upper Jurassic (J) rocks. D — Dolerite sill
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further south where it consists of the limestones of the Hecla Hoek
Formation and overlies the overturned Devonian, Carboniferous and
Triassic belonging to the next fold, which reaches Hornsund near
Adriabukta (Orvin 1940, p. 17).

A typical feature of this tectonic zone is the NW-SE direction of
particular units, while the general direction of the whole zone is NNW-
-SSE. This is most conspicuous in the northern portion of the Chief
Range where the Saussureberget and Supanberget folds occur.

North of Van Keulenfjorden this discrepancy of directions is pro-
bably absent. However, on the northern coast of Van Mijenfjorden, in
the region of Fridtjovhamna, the intersections of the Culm on Inge-
horgfjellet, of the Upper Carboniferous, of the Permian and of the
Triassic on Sundhdgda and of the Mesozoic on Flathaugen are directed
NW-SE. Further northward, the directions are again NNW-SSE (cf.
A. K. Orvin 1940, fig. 8§ — aerial photographs).

Attention should be drawn to the relation ketween the structures on
the two shores of Isfjocrden. On the northern cocast, the Hecla Hoek For-
mation extends some 8—9 km. further east than on the southern coast.
G. de Geer (1909) suggested a fault. The writer thinks that it is signi-
ficant that the strikes of the Culm teds on the west coast of Tryggham-
na are directed NW-SE.. This probably implies dislocations similar to
those near Berzeliustinden and south of Saussureberget.

This discrepancy between the general tectonic trend of the zonz
(NNW-SSE) and the trends of particular units within the zone (NW-SE)
implies two different successive stresses. The NNW-SSE directions are,
doubtlessly, Caledonian, the NW-SE directions are younger. A similar
discrepancy may te observed in the first zone (vide supra).

In the frontal parts of the recumbent folds of Berzeliustinden, Sauss-
ureberget (Fig. 16) and Supanberget, complicated disharmonic folding
took place owing to the difference in competence of the Jurassic and
Triassic rocks, and of the Lower Permian and Upper Carboniferous beds,
which together with the Hecla Hoek Formation form the cores of the
folds.

The trontal parts of the overthrusts are squeezed into the underlying
Jurassic beds of the synclinal zone. Very complicated small structures
resulted: slickensides, cleavage, squeezing, folds and faults. These struc-
tures are most distinct on the slopes of Foldaksla and in the Jurassic
and Triassic rocks in the Ingebrigtsenbukta cliffs. They have also been
noted on the slopes of Bravaiskberget and in the eastern part of Midter-
huken. In the interior of the land they are most distinctly visible on the
southern slope of Passhatten. They may be observed also in the eastern
part of Saussureberget and hetween Roysfjellet and Tilasberget. Nearer
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Fig. 17
 Trias tworzacy lezaca synkline wchodzaca pod nasunigcie formacji Hecla Hoek (HH) na Lysefjellet. Widok od poludnia.
Rysowane z podnéza Kopernikusfjellet (1055 m) z punktu lezac ego na wysokoscei ok. 700 m n.p.m. Skala ck. 1 : 5 000. 12, VIII. 1934
Triassic rocks in the recumbent syncline under the Hecla Hoek (HH) overthrust on Lysefjellet, seen from the south. Drawn
from a point c¢. m. a. s. 1. on the slope of Kopernikusfjellet (1055 m.) 12. 8. 1934. Scale ¢. 1 : 5 000.
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to the roots of the folds the Triassic is overthrust by the much more
competent younger Paleozoic rocks and by the Hecla Hoek Formation
and planes of overthrusts are distinct. They are well exposed in several
outcrops, e. g. on the south-eastern slope of Berzeliustinden, in Stanis-
tawskikammen, Lysefjellet (Fig. 17) Kopernikusfjellet etc.

The Triassic shales underlying the overthrusts are very strongly dis-
turbed. Numerous small folds, complicated and irregular, occur. The
best exposures of these structures are in the lower part of the SE slopes
of Berzeliustinden, just above Hessbreen, and on the southern slope
of Kopernikusfjellet, and on Curie-Sklodowskafjellet (Fig. 18).

892

LY
Fig. 18
Szkic perspektywiczny z rysunkiem budowy geologicznej poélnocno-zachodniego
zboeza Curie-Sklodowskafjellet (882 m). Widoczny silnie zdyslokowany trias

Geological sketch of the NW slope of Curie-Sklodowskafjellet (882 m). Strongly
disturbed Triassic rocks are visible

It is difficult to establish the tectonic position of the Mesozoic and
younger Paleozoic rocks at Reinodden and on Reinsletta, near the moun-
tains built of the Hecla Hoek Formation. In cliffs on the peninsula run-
ning to Reinodden occur various rocks, from the Cretaceous to the Culm,
dislocated and overturned. Overlying them are Carboniferous and Triassic
rocks flatly dipping to the east, 50—100 m. above sea level, reported by
A. K. Orvin (1940) from the western part of Reinsletta. Higher up rises
the lofty Maria Theresiatoppen (655 m.) built of the Hecla Hoek For-
mation.

In the writer’s opinion these exposures are not separated by faults
but by planes of overthrust. The lower plane, separating the beds crop-
ping out at Reinodden and on Reinsletta, is connected with the Berze-
liustinden overthrust. Thus rocks at Reinodden would form the over-
turned limb of the syncline separating the Berzeliustinden fold from the
underlying tectonic unit of Saussureberget.

The Eotriassic, Lower Permian and Upper Carboniferous of the Ber-
zeliustinden fold occur continuously northward, across Aldegondaberget
to Ahlstrandodden and Richardodden.
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From there, across Bardiholmen, Parmaholmen and Eholmen in the
mouths of Van Keulenfjorden the Lower Permian and Upper Carboni-
ferous of the Berzeliustinden fold join the deposits occurring on Strandr
vollsletta in Nathorst Land, between the tectonic units of Bravaisberget
and of the western part of Midterhuken. This can be seen in an aerial
photograph, with geological explanations by A. K. Orvin (1940, Fig. 9).

At the mouth of Forkastningsdalen in Nathorst Land, the Upper
Carboniferous rocks unglerlie the overthrust and folded in small recum-
bent folds, Culm (with dolerites in the upper part) and Cyathophyllum
Limestone. In the writer’s opinion both the Culm and Cyathophyllum
Limestone are thrust over the Berzeliustinden-Strandvollsletta fold.

Hecla Hoek rocks building up the Maria Theresiatoppen on Recherche-
fjorden belong to the next overthrust which is the continuation of the
Midterhuken overthrust at the foot of Gasberget, in the westernmost
part of Midterhuken in Nathorst Land. In the remaining part of Midter-
hukfjellet there are several folds built of Carboniferous and Eotriassic
rocks, disharmonic in relation to the folds in Upper Triassic and Jurassic
rocks. The latter are exposed on the northern slopes of Midterhukfjellet
(A. G. Nathorst, 1910a; G. de Geer 1919). All these rocks stretch to Bra-
vaisberget where they belong to a digitation of the Berzeliustinden
fold, which has been thrust eastward over the Triassic beds of the fron-
tal portion of the Berzeliustinden fold and over the overturned Inge-
brigtsenbukta syncline built of Triassic and Jurassic rocks.

The structure of this rather complicated zone is shown in Fig. 19,
which consists of somewhat schematized neighbouring geological sections
on both shores of Van Keulenfjorden, between Berzeliustinden and
Midterhuk{jellet.

The synclinal zone lying in the front of all the above described over-
thrusts is strongly disturbed also. Its western limb is thrust eastwards
over the eastern one; the latter flathy dips westward. Numerous sub-
ordinate tectonic complications occur in the overthrust western limb.
The eastern limb has been less disturbed. The amplitude of subordinate
folds gradually diminishes eastward, and they become less complicated.
This may be seen most distinctly in Engadinerberget and Wallisberget.
The core of one of the subordinate anticlines consisting of strongly
disturbed Lower Triassic rocks is particularly well visible in Engadiner-
berget (see Pl. II).

Eastwards, the above described folds become still more gentle and
regular. This may be seen in Pilsudskifjella where two flat anticlines
occur. The presence of the Lower Permian rocks along their axes means
that not only the Mesozoic, but also the younger Paleozoic rocks were
involved in the folding of the foreland (see Pl III, IV).
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Three anticlines may be traced within the foreland. The first, wes-
ternmost (Engadinerberget) anticline stretches from Drevpasset across
Warszawaryggen to Engadinerberget. North of Engadinerberget it joins
the synclinal zone lying in front of the overthrusts of the Chief Range
and disappears.

The second (Pilsudskifjella) anticline begins in Polakkfjellet, reaches
its maximum elevation west of Ostra Bramatoppen and Waweltoppen
aind, sinking gradually, continues across Wallisberget, Bernerberget, to
the vicinity of Heimbreen, then to the lower part of Finsterwaideroreen
and Systerodden on the northern coast of Van Keulenfjorden, being stiil
visibie on Lagkollane on the southern coast of Van Mijenfjorden.

The third (Heimfjella) anticline begins as a small foid in the eastern
part of Bernerberget. It stretches across Mairjelbreen, the central part
of Heimijella, and the western part of Heimfjellhumpane. It may stiil
be observed on the northern shore of Van Keulenfjorden in a valley
between Luiseberget and Ullaberget, and then gradually disappears in
the direction of Kolkdalen and Van Mijenfjorden.

The Engadinerberget and Pilsudskifjella anticlines are separated by
the flat Richthofenberget syncline. It commences in Drevfjellet, stret-
ches west of Armstolen across Richthofenberget and the eastern part of
Engadinerberget, beyond which it passes into a small fold in the syncli~
nal zone in front of the overthrusts, in the same way as the Engadiner-
berget syncline, and disappears. The Pilsudskifjella and Heimfjella an-
ticlines are separated by a small syncline which starts east of Berner-
berget, crosses Mirjelbreen and Dvergfonna, and enters the small valiey
of the upper Aurbekken stream. Then it extends northwards, to the
other shore of Van Keulenfjorden. It is visible in Luiseberget where it
consists of the Continental Series of the Middle Neocomian, and conti-
nues as far as Svedenborgstupet on Van Mijenfjorden.

A typical feature of the above described folds is the zigzag NWSE
and N-S course of their axes, adjusted to the course of the front of the
Chief Range overthrust. Another conspicuous feature is that their axes,
generally speaking, are oblique in relation to the axis of the syncilino-
rium lying in front of the Chief Range overthrust. They begin in the
south-east as small folds (each fold begins and disappears north of the
fold lying immediately westward). After attaining the maximum eleva-
tion, they join the synclinorium lying in front of the Chief Range over-
thrust, and disappear among subordinate folds. The eastern limbs of
these parts of anticlines which lie to the east of all the other anticlines
dip gently ENE, in the direction of the Central Depression.

Institute of Geology
of the Polish Academy of Sciences
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PRZEKROJE GEOLOGICZNE PRZEZ POLNOCNO-ZACHODNIA CZESC ZIEMI TORELLA NA SPITSBERGENIE
GEOLOGICAL CROSS-SECTIONS OF THE NORTH-WESTERN PART OF TORELL LAND, VESTSPITSBERGEN
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Panorama $rodkowej i zachodniej czesci Pitsudskifjella z Tirolarpasset Fanpramic view on the western and middle part of Pitsudskifjella from Tirolarpasset
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Geology of the N—W Part of Torell Land

Zdjecie kamerq fotogrametryczng Zeiss C. 2. ze stanowiska nr 12 (lewego),z poziomu 629 m n. p. m. fot. A. Zawadzki, 1934r.
Photogrammetric camera Zeiss C. 2. Point No. 12 (left),629 m. a. s. l. Photo by A. Zawadzhi, 1934.
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Bernadzikiewiczf]

Fotografryggen -
742

Razyckibreen

Ostra Bramatoppen

Waweltoppen
935 1033 A
Waweltoppen

T et A ARG N Z

» ‘Kopernikusfjellet
arszawaryggen Belvederetoppen 1055 1038
Ty

Zawadzkibreen

Panorama geologiczna érodkowej i zachodniej czgéci pasma gérskiego Pitsudskifiella, opracowana na podstawie geélogicznych
szkicéw perspektywicznych i profiléw terenowych, w nawigzaniu do zdjeé fotogrametrycznych ze stanowiska nr 12 (patrz
tabl. 11}, na podstawie kidrej zostal skonstruowany przekrsj X i Xi tabl. VI
Na pierwszym planie wychodnie kimerydu po poludniowe] stronie Tirolarpassef, na dziale migdzy Knultfonna {po prawej)
i Rézyckibreen (po lewej). Na lewo od nich nieco w glgbi (ca 1 km) Knulten (568 m) z wychodniami kimerydu, portlandu
i dolnego neokomu.
W glgbi, na drugim planie za Lodowcem Zawadzkiego (Zawadzkibreen) pasmo gdrskie Pilsudskifjella. Na wschodzie (po lewej)
do Bernadzikiewicztjellet (751 m) — 11 km: do Fotografryggen (742 m) — 7,5 km. W drodkowe] czgéci panoramy do Wawel-
toppen (776 m) — 55 km; do Ositra Bramatoppen (1033 m) -~ 8 km; do Armstolen (952 m) — 9,5 km; do Warszawaryggen
(835 m) — 8,5 km: do Belvederetoppen (881 m) — 9,5 km. Po prawej stronie czesé Pasma Gléwnego (Chief Range) z gérami
Kopernikustjellet (1035 m) i Lysefjellet (918 m), lezagcymi w odleglosei 11,5 km i 10 km, Dalej péinocne zakonczenie Tvirdysegga
ze szczylem 758 m, znajdujgcym sie w odleglosci 4,5 km od stanowiska fotogrametrycznego.
Oznaczenia geologiczne jak na tabl. V. Del. S. Z. Rézycki
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Geology of the N-W Part of Torell Land

Tablica (Plate) IV

. Tvirdysegga
Lyse{je”@t };58 gg

Geological panorama ot the central and western part of Pilsudskifjella, based on geological perspecnive skercnes anu promes
drawn in the field, and on the photogrammetric data obfained from Point No. 12 (see PL Ill), See cross sections No. X
‘ and X, PL. V1. ~ ‘
In the foreground: Kimeridgian rocks on the southern side of Tirolarpasset between Knultfonna (to the right) and Rézyckibreen
{io the left). To the left, slightly farther: Knulten (568 m.), with outcrops of Kimeridgian, Portlandian and Lower Neocomian rocks.
In the background: mountains of Pilsudskifjella. Distance from Point No. 12 to: (from left to right, i. e, from east to west)
Bernadzikiewiczfjellet (751 m.) ~ 11 km.; Fotografryggen (742 m.) ~ 7.5 km.; Waweltoppen (776 m.) ~ 5.5 km.; Ostra Brama-
toppen (1033 m.) — 8 km,; Armstolen (952 m.) — 9.5 km.,; Warszawaryggen (835 m.) — 85 km.; Belvederetoppen (881 m.) ~
9.5 km., Kopernikusfjellet (1035 m.) — 11.5 km,; Lysefjellet (918 m.) — 10 km,; the latter two mountains belong to the Chief
Range); peak 758 m. a. s. I. on the northern end of Tvirdysegga -~ 4.5 km,
Geological symbols as in Pl. V. Drawn by S. Z. Rézycki
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Budowa gdrnej czeéci nasunietej jednostki tektonicznej Supanberget na linii przekroju Zittelberget (1192 m), Passhatten 1719 m)
i Engadinerpasset (ca 657 m) widziana od potudnia, z gérnej czgéci Lodowca Pencka (Penckbreen) z poziomu 470 m r, p. m.
Po prawej stronie zdjecia (Engadinerpasset) strefa synklinalna z jurg gérng (J), liasem gérym (L) oraz retykiem — ‘olnym
liasem (R), na ktére obalony jest silnie zmiety trias (T,-;) zluZnionej partii czotowe] (Passhatten) gérnej czgsici nasunigtego
fatdu, zbudowanego z dolnego permu (B. Ch.) i gdrnego karbonu (Cy) stromo zapadajgcych ku wschodowi (na wschodnim
zboczu Zittelberget). Wzdluz pasma gléwnego (na lewo od wierzchotka Zittelberget) o$ faldu stopniowo sig podndsi i na
Supanberget (na lewo, juz poza granicami zdjecia) widoczny jest karbon i utwory formacji Hecla Hoek, nasunigte na trias
podscielajacy te jednostke tektoniczng

. ) it s la
S. Z. ROZYCK| — Budowa geologiczna pétnocno-zachodniej czgéci Ziemi Tore
c Geoloav of the N=W Part of Torell Land
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Geology of the area between Zittelberget (1192 m.), Passhatten (919 m.) and Engadinerpasset (ca 657 m.). Upper part of the
Supanberget tectonic unit seen from the S, from the upper part of Penckbreen, 470 m. a. s. l.
Synclinal zone built up of the Upper Jurassic (J), Upper Lias (L), and Rhaetian-Lower Lias (R) underlies the disharmonically folded
Triassic (T,-4) of the frontal part of the anticline consisting also of the Lower Permian Brachiopod Cherts (B. Ch.) and Upper
Carboniferous Cyathophyllum Limestone (Cy), which dip eastward on the eastern slope of Zittelberget. The axis of the fold
rises gradually along the Chief Range and on Supanberget (fo the left of the photograph) the Carboniferous and the Hecla
Hoek Formation are thrust over the Triassic which underlies the Supanberget tectonic unit
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Zdjecie kamerq fotogrametrycznaq Zeiss C. 3b. A. Zawadzhki, 13.VII.1934 r.

Photograph by A. Zawadzkl, 13.7.1934 (Zeiss C. 3b, Camera)
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