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Geological mapping and isotopic investigations demonstrate that the Grandjean Fjord
Bessel Fjord region ean be divided into three rock groups: (I) a Lower Proterozoic
basement gneiss complex; (2) aMiddle Proterozoic supracrustal cover (Smallefjord
sequence); and (3) Upper Proterozoic metasediments (Eleonore Bay Supergroup). The
basement gneiss complex largely comprises c. 2.0-1.7 Ga calc-alkaline granitoid
orthogneisses with intercalated migmatitic supracrustal rocks. The complex is defor
med by at least two sets of approximately coaxial folds which may be either Pro
terozoic or Caledonian in age. The Smallefjord seqllence is comprised mostly of
migmatitic schists and gneisses which lInderwent high-grade metamorphism dllring the
late Middle Proterozoic. The dominant deformation structures within the Smallefjord
sequence are associated with the development ol' ductile shear zones along the boun
daries of all the major tectonostratigraphic units and are thought to be Caledonian in
age.
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The part of the East Greenland Caledonian fold belt
between Grandjean Fjord and Bessel Fjord (75°-76°N;
Fig. 1) comprises the northem part of the 'Grandjean
Fjord metamorphic complex' of Haller (1970, 1971).
This incorporates a metamorphic complex of infracmstal
and supracrustal rocks, which occurs on both sides of the
graben-like enclave of Upper Proterozoic Eleonore Bay
Supergroup (EBG) rocks centred on Ardencaple Fjord
and Bredefjord (Fig. 1). Infracrustal rocks occur in an
arcuate belt running from the inner part of Grandjean
Fjord northwards along the margin of the Inland Ice to
inner Bessel Fjord, then curving to follow the north side
of Bessel Fjord. On the published maps of Koch & Haller
(1971), infracrustal rocks were distinguished as synoro
genic granite, migmatitic gneiss with amphibolite and
mica schist bands, and mica schistlbiotite gneiss. Meta
morphosed supracmstal rocks were thought to occur
mainly between the infracrustal rocks and the outcrop of
the Eleonore Bay Supergroup (EBG), and were distin
guished as gamet mica schists, biotite paragneisses and
various siliceous schists and gneisses. In accordance with
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the then prevailing concept of a pervasive Caledonian
orogeny (Haller, 1953, 1955, 1970, 1971), virtuaIly all
crystalline rock units were considered to be Caledonian in
age, with the supracmstal rocks viewed as metamorphic
derivatives of the EBG.

Geological mapping and associated isotopic investiga
tions have confirmed that the region can be divided into
three distinct rock groups, although it is now clear that they
record a complex polyorogenic history. These rock groups
comprise: (l) a Lower Proterozoic basement gneiss COill

plex ol' gneisses and granites; (2) aMiddle Proterozoic
cover of semi-pelites and psammites (Smallefjord sequence
of Henriksen et al., 1989); and (3) Upper Proterozoic
metasediments (EBG). These rock groups are everywhere
separated by ductile shear zones and brittle faults.

In this contribution we sumrnarise the lithological
characteristics and regional structure of the basement
gneiss complex and the Smallefjord sequence, and also
review the nature of their structural relationship to the
EBG. The latter topic is also dealt with by Higgins &

Soper (1994). In combination with recently acquired iso-
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Fig. I. Geological sketch map af the Grandjean Fjord to Bessel Fjord region showing Caledonian and pre-Caledonian uIlits and
structures. BB - Barth Bjerge, BO - Birkedal, FO - Femdalen, KO - Kildedalen, !<-S - Knæksø, LS - Langsø, MN - Mågenæs, SF
Smallefjord, SS - Slamsø. Figures II and 14 show parts of the region at a larger scale.

topic data, which place constraints an the ages af these
units, this allows critical evaluation af passibie regional

correlations with ather parts af the Caledonian belt in
East Greenland.



Fil!. 2. Gre} Ilandcd !l(lmllkndc·llIOlII(' I!IICI" nu Il) 'llbcon~

cordanl ,hed, of h!!lll !lfl:) onl!<.\!!!lC'" Blrl.cdal. 'OlIlll- .... ('"t of
IOner Grantl"e:m IJord 1I01mmer fllr ~ak.

B:lsemcnl gncis... eomplcx

b:cellenl e"IXl\un:, of Ihe oil..cmenl ~oci" comple"
occur lllong 'IL"t:p 1000----1500 m hi~h \alle} ,ide, and
fjord \C'(.·lion~ in Ihe .... e'l 'lIId nonh of lhe region. The
ba~elllenl gllci" complc.\ occu.... ,Irucluntlly bclow Ine
Smal1c~ord ,cqucnce and Ihe I~BG. The main roek tYl>C'
are \:lriou~ lype, of IOn:llilic IO gmnodioritic onhogncis,
wilh ,hCCh of IcueOCr.llic gmnitic gllehs. CunCOrd:llll
"Irip" of migmalilic pltrilgnci" are commonly inter
blmdcd wilh lhe onhognei,'cs. Non-migmatised lIlCla-
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~edimelllS interbanded wilh orthognci<;~, west of Bessel
Fjord and ~ulh of Gr.mdje:m I--)ord may represenl a
former cover \equence IO lhe glleil>' complex.

0,.,1108"I';SS

In the Gr.llldjean Fjord - Ejnar Mikkcl<:en Glelscher
area lnc orthogneil>..c.. nminly compri-.e grel. banded
homblendc·biot:ile wnalilic.quart.L dioritic gncisscs (Fig.
2) .... hich are CUI b) ~uhc-oncordanl cenlllllClre to metre
..... ide sbceb of pmL.i ..h granilic.grnnoehorilic gncil>s. A

major concocdall\ ~hccl of quart/-monzonilic augen ~nciss

..... llh 3-5 cm long mlcroclinc :lugen occu.... al Ma~enæs on
lhe nonh ,ide of Gr.mdjean "1ord. ConlaclS ..... ilh adjacent
grel ~oci..scs are gr.ldallonal. and lhe augen gnci\s al<:o
iocorpor.ile.. )ounger ..hccl' of biowe-bcaring gr.mitic
gnei..,. A 1.5 L.1ll .... ide N-S trendlllg coocordanl shr."C1 of
granodionlic to moo/o-~rnmtic gnei,~ ha.. betn lraccd for
7-8 km ..... esl of Kiltkdakn. l1lc centrni ran oflhc sbcct i..
a foli'lled biot:lle-homblcnde gnanodlorit......... hich 10\\ artb

Ihc outer margin ht."Comc.. gncI,.. ic: Conl;lCl~ .... lIh adJocem
grel ~nei .."C\ are lmn"'llon,,1 Oh'r 100 1Il. The nOl1hem
part øf tlle grilnodionlc ,hcct i~ a hClerogcncou~ allgen
gnanilc .... Jlh amphloolite inclu\ion~ hich i.. cut b) nu-
mcrou.. ~hech of pll1k gr.lrHle gne" Solllh of Canon-
gkl"Cher a 50 III \\ ide coocordant h:md of \\eal..l) folialoo
quanl diorile .... a~ cmpl'lced lIlto gr... ) gnei,-.c.. ilt a lalc
'tage III regional dcfonJl'llion

The lllillll roeL. I)PC" 111 Ihe I:.Jnar MIUeI-.ell Glel!oChcr
- Be<;~1 Fjord :lrea are grey, rnigmalillc homblende
biotIle gnci~'oC" .. irnil;tr In lho,c dc,cribcd aoo\c. Nonh of
Bel>loCl Fjord. Ihc..c Illcorpomlc numemu, amphiholile
and uitr.unafic poeJ., and lclhe~. The gnci,<;c.. are banded
on a cenlimeIre IO hundred melre ..eale (Fig. 3). Con
cordam ..heeis of gr.mitic gnei" occur a, mappable unil~

Fig. J. B:mJed gllC'" "U~-CC"'lon

nonh of Trum<; O. OUlcr Be,..cl
Fjord. Chff 600 m high
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Fig. 4 Qua"1 dIOnlIe homblende·blOme g~i~s "ith relicl pha.
toniC lc,;tun: cut by fohaled neO<,()fne \elll~. TllI~ roeJ.. h:b
}~Ided a $m-Nd nlOlkl age ol 2.:\3 Ga. NOfth of 1lI1lCT Bc:s."d
Fjord.

up IO 100 m "ide and traccablc for up IO 20 1.01: these
conlain inc!u<;ion!'> of grey gncIss and amphibolilC and an:
thus apparcnlly }'oungcr thom Iheir ho", gncisscs. A later
~ries or rock.. comprise \arious hclcrogcncously de
fonne<! plulonic rock...... hich loeally prc.'>Cr'l'c Iheir origi
nal homogcncous chamctcr and plulonic tcxlUrcS. albeil
in high t)' rccr)'<;lalli~d ronn (Fig. 4); an examplc j" a
11lcdium-graincd quart7 lIlolllonilic gneis.. found north of
inncrmo'" Bcs"c1 f-jord :Lnd al;,o on Ihl' plateau area to [hl'

1.I<C"1.

Dcformcd g:lhhro :lI1onho\itc :lnd anonhositic rod.
types occur on li ,,1Il:11l ,"cmi-pcllinsula at Ihl' rim af the
lnlalld lel' (Fig. l). Ilcre Ihcy <lrc in prob'lbJc fault contact
with nOlHlligll1ati~ed ~upracru~lal rocks to Ihe east. The
~C<luellce i~ slrongly defurmed <lnd recry~talliscd (Fig. 5).
butihe characteri~tic texlural p:lltern bctween leucocralie
and malie componcnb. i~ gencmlly prescrved. as :tre
rcnm:tnl~ of large. probably prilllary p1;lgiocla~e crystals.
Sirnilar roe" lypc~ ha\'e bccn found as a few r.m; in
dlJ~iol1~ in grcy gnci~~c~ near Mågen:cs. on lhe nonh side
of Grandje:1ll I'jord. and have al~o bcell rccorded in the
Du\e Bugt :lfra IO Ihe north (Chadwick & Friend. 1991).

Paraglleis.w!.,·

1>1lgrnati~d ~upr.ICru~tal rocks arc cOlllmonly inter
bandcd .... llh the orlhognci~~'I; of IIle gnci~~ complex.
Thcy include ru~ly brown "eaihering mieacoous ~hi~IS

and gnci~se~ and dark gn:en;<;.h-black amphiboliles. Thi.'

mica schisl~ and gneb~c'!; comprisc quanz-plagioclase
biolile wilh minor g••mcl. sillimanile and muscovile.
They fonn eXlensive Illappablc horizons which may vary
in widlh from less Ihan a melre IO o\"Cr a hundred melres.
and ean be trJCed for -.cveral "ilomelres. Amphibolites
comprisc homblende.plagioclasc with minor gamet. and
are le~s eXlensi\c1y de\c1oped. Thc IwO Iithologies arc
often tlSSOCialed. implying ,IO origin :l.'> parts of an in
lerbandcd ,upr.teruslal scquence of ~imcnts and basic
(voleanie) rocks. Carbonatc bands and quartziles are also
locaJly present. for example in IIle oUlennost pan of thc
Bessel FjOrd area.

SlIpmcrIIswl cO\'er rocks

A 2-3 km wide belt of unmigmatiscd supracruslal
rocks eall bc tr.teed for 30--35 "m along Ihc rim of
Sor.mcrbræcn, .... e~1 of Be..scl Fjord (I-.g. I). Thc dom
inant lilhology is a ru'ity bro.... n mica ~hisl wilh an
amphibolite faci~ mineral as<;.('mblage of quartz-plagio
c1asc-biotite-gamcl-mu<;cmite wilh r.tre .. illimanile. Sub
ordimlle bands, up IO 10-20 m .... ide, of dark amphibolile
and large lell!>C\ of u1tmmalic roch occur in pIaees. l1lc
~uprJerustal roch h'l\e a coneordant contact w;lh ad
jacent gnci~<;c<;.: gnei.... ic bands up IO 'iOIIIe huodrcds of
metres in .... idth occur locally in thc supT3crustals and
may rcprc-.cnl fold eore.. or thrust ~Iice~. On the ba~is of
Iheir unmigmati<.cd Ch:IT3Cler the SUpr:lcru~lal roc"s are
inlerpreled Io rcpre-.cnt a fomler co\er <:t.--quence IO Ihe
gnei~~es. A ~i11lilar eonclu.. ion was rcached in the Birke
dal area sQulh of Gmndjean Fjord for two olher oceur
renees of lllelascdirnenls. Thesc comprisc in one case a
biotite-gamet pclilie gneis'!; .... hich i~ sc\cral hundred
metre,> wide and inlcrfoldcd \dlh adjacent gne;'!;ses (Fig.
6). Tlle sccond occurrcnce i.. a hornhlcnde-gamct gneiss
wh;ch has a geochemi~lry charaeleri"lic of a SiOrrich
and AI. Mg. Ca and Na-poor greY""'K·kc \edilllent (sce
bclow).

GeoclJemi.\"fI)" of file /)tl.W'II/{'1II gfleiss compfex

Kal\bcek (I99~) describcd the gcochemislry of Ihe
Lower PrOler%ie b:lM.'ment gnei~,e.. in Nonh-Easl
Greenland including unib from the Grandjean Fjord 
Bessel Fjord region. The older grey lonahtic-gmnodior
ilic gnei~~e'!; arc thouFht to ha"e bcen deri\ed from \01

canie arc gmniloid~, wherea'!; )"ounger gmllitic ShCClS rep
rcsenl colli'iion'IYpe gr.lIlitcs and PO<;'I-orogenic CA
type') gr.m;le~. Slll-Nd isotopic dala indicates Ihat Ihc
graniloid shccts arc in placcs comaminated .... ilh Ar
ehacan cruslal malenal. Chemical analyses of later Cale
donian granite... (Fig, 7: Hanscn f'f lIl., 199..&) sho.... thai
Ihcse are diffcrcnt from Ihc b:i.'>Cmcm gncisses and gran-
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Fig. 5. Dcfunncd gabOrn
all()nho~itc. Soulh-ea~t margin
of SorJflCrbra~n. y,C\1 of Bc,-\Cl
!-jon!, Thl~ rock hoL. ) leldcd a

Sm·Nd model age øf 21J6 Ma
(Stecher & t1cnnL\Cn. 199J),

ile... and gcncr.tlly cnmpamhle \\uh IIle <,)n-collision
gr.lnilc" of Pcarcc t:luf. C198J}. TIlc ha~mcnl goci~\oC:'

and al><,Q(;ialed gmniloid unil" can mainly bc c1al>\ificd a~

'\oleanic:1fC gTlmilc\'; \ome are '''''llhin-pl:lIc gmnile.\'.
Repre\Cnlall\C elo:ample\ and a\cmgc chemical analy

"C.. for IIle h:l"Cmenl rocL~ nf Ihe GmndJean Fjord 
Be\~cl !-Jord region ;tre gl\Cn Ul Tablc I .Uld ..amplc
locallOlh .lre ,,00"" Il on Ihe mde... map. The ful! ehemi('al
dala i.. a\;lil;lhle from the Sune) on rcquc.. l. Sc\cn ana
I)..cd ..amplc~ ol Ihe older gre) onhogncl.. 'iCS are granilic.
gr.lIlodiorilic or lonalilie in compo..ilion. Om:: \\ ilh a

mOO70diorilic eompo<.lllOn ha" 00.1) 56.01'1 SiO~ and i..
more malie Ihan Ihc a\cr.lge goci\-,e.. ,

The gnci".e.. all ha.. e 10\\ AI inde.. (AI:O,/CNa:O +
K;O + CaO)) \\ Ilh <In J\emgc ofO.90 and a rclali\e1) 10\\

KO/N<lO milo ""ilh an a\cmgc of 0.59. Thc c1c\en
analy<.cd ..ampie.. of )oungcr grJrllllC gnci.... arc al<;()
gmll1lic, granodiorilic ur lonainie in comp<l.. lllon. r'karl)
all Ihe""," gralllllc rod.... ha\c a lov. Al lilJe>; \.\Ilh an
:l\cr.lge ofO.97 :lIld a 10.... K;O/Na.O r.uio. Plollcd on a
quanz -alk:lh fcld..par plaglocla""," diagram CQAP. Fig.
7A) lllere i.. c1early an O\erlap Oct\\L'Cn Ille 1.... 0 differenl

'.

.__ o

.,.•••_._. ! .......

L. ~ ~
~ ~.

(',
(;- r 4'

( ) .( 1.-r !;'"J-
. . , , ,.

~:~
, - .,

Fig. 6. Non-mlgmallllc I)ro.,;nl~h mica sc:hls.lllnll in conformable <:ontXI "" Ilh nlll!matltlc bloUle gnel~s. Bu1.edal \OUth-",OI of inner

Gr:tndje:m "-pnI. FJodd or \ ICy, 3.ppffi:mnalcly 6 m acmss.
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A: Qual1l.K.fehhpar.pl:lgiocla'>C (Qi\P) diagrmn according IO
Sln:dci~el1 (1976). Thc prc-Calt'donian ba,cmcnt rock~ are
gr.lrlilic IO 1011~lilic. "herea, rnO,1 Calcdolllan inlru~i\'C~ are
gr.lrlitic.
B: Diagr.J1ll di'Crimimlling. bclWCCI1 gr~niloid rock, of diffcrcnl
lectonic ,eIlInI!' accoruing to P1,'arcc n III. (198"'). VAG 
\oleanie :lrc granilc'. SYN·COLG - ,)n-1,'olli,iol1 grJnilc~.

ORG - ocean ridgc gr.lIllIC'. WPG - "ilhin plate gr.mil<':s.
C: ]mJc.\ map ,ho"l1lg loclllion, uf anal)~d ,amptes.

groups of ba~mcnt rock Iypes. which is also thc case on
thc Rb \CI"'US 'b + Y diagr.lm (Fig. 78) uscd by Pcarce
ct (ll. (1984) IO dj~rimin:ltc bcl"ecn various gcolcclonic
\euings of Ihc granilcs. For comparison. CaledoniaJl
granites from thc Grandjean Fjord - 8es!>C1 Fjord region
ha\c also bccn ploue<! in Figurcs 7A and 78. 1lJe cooclu
sion from IIle gcochcmical dala is Ihal both the older gre)

Orlhogllcisses and associ:llcd youngcr folimcd gr.mlllc
sheeLs are cornpamble in compo\ition and cannot bc sep
arJtt'd gcochcmically: thcy aæ all eale-alkaline gmni
toids.

Sclccll'd sUpr.K:rusllll unib "lthin Ihl' basemenl gneiss
eomplex ha\'c bccn chemieally analy.'>Cd. Two mica schisl
bands cOffC"pond to Fe-Mg rich shales in composilion.
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Table 1. Chemical analyses af granitoid rock
from the basement complex

Major elements were analysed at GGU by XRF on glass disks; Na20
by AAS. Trace elements: Rb-Ga were analysed at the Institute of
Geology, Universily of Copenhagen with calibration against USGS
rock standards. Other trace elements (U-Hf) were analysed by
Activation Laboratories Ltd., Ontario, Canada by instrumental
neutron activation. Examples selected dose lO averages.

Two non-migmatItlc metasedimentary bands from the
Birkedal area are most probably derived from a quartz
rich greywacke and a phyllitic unit respectively; the latter
is now a mica schist.

Four analyses of samples of the supracrustal sequenCe
along the rim of Soranerbræen, west of Bessel Fjord

SiO, 62.67 63.50 68.56 68.56
TiO, 0.79 0.63 0.50 0.40
AhO, 15.13 15.32 15.10 14.85
Fe,O, 1.55 1.63 0.86 1.02
FeO 5.11 3.66 2.13 2.53
MnO 0.13 0.08 0.04 0.06
MgO 2.27 2.43 1.06 1.37
CaO 4.20 4.19 2.89 3.10
Na,O 3.73 3.69 3.85 3.76
K,O 2.60 3.23 3.50 3.34
P,Os 0.25 0.26 0.21 0.24
Vol 0.62 0.73 0.59 0.67

99.04 99.35 99.28 99.90

Rb 91 64
Pb 12 13
Sr 347 577
Y 42 IO
Th Il I
Zr 338 127
Nb 19 Il
Zn 82 43
Cu 14 13
Ni 19 5
Ga 20 18

U 2 2
La 65 28
Ce 110 45
Nd 41 18
Sm 8 3
Eu 2 l
Yb 4 l
Sc 17 5
Th IO 1
Cs 3 O
Hf 10 6

Mica schists
GGU no. 327941

(example) Average of 4

SiO, 65.62 65.79
TiO, 0.69 0.64
AI,O, 14.52 14.92
Fe,O, 0.46 0.99
FeO 4.97 4.90
MnO 0.05 0.06
MgO 3.26 3.17
CaO 2.42 2.18
Na20 3.04 2.27
K,O 2.80 3.03
P,Os 0.14 0.15
Vol 1.22 1.41

99.19 99.51

Age af the basement gneiss complex

Rb-Sr and Sm-Nd model ages of basement rocks in the
Caledonian fold belt of North-East Oreenland show that
most of these rocks are related to a Lower Proterozoic age
ol' crust formation (Kalsbeek et al., 1993). Kalsbeek et al.
also report three U-Pb within-zircon (SHRIMP) analyses
which yielded ages between 1974 and 1739 Ma, confirm
ing the Rb-Sr and Sm-Nd data. Archaean rocks are not
common,the most notable example being the area near
Danmarkshavn (c. 76°45'N) studied by Steiger et al.
(1979); recent SHRIMP analyses on new sample collec
tions from Danmarkshavn have confirmed the Archaean
age (A. P. Nutman, personal communication 1994). The
Sm-Nd analyses presented by Kalsbeek et al. also dem
onstrate that the Proterozoic gneisses contain substantial
proportions ol' older, probably Archaean, crustal material.

In the Dronning Louise Land region, U-Pb dates for
detrital zircon grains within the late Proterozoic - early
Palaeozoic foreland cover sequence (Zebra Series) define
an age range of detritus between 3001 and 1700 Ma
(Tucker et al., 1993). A U-Pb zircon age ol' 1909 Ma was
obtained for an orthogneiss within the Caledonian fold
belt of eastern Dronning Louise Land.

Of the samples from North-East Oreenland studied by
Kalsbeek et al. (1993), eight were from orthogneisses

(Table 2), all show a composition which is dose to the
composition of an average greywacke (Wedepohl, 1969).

Table 2. Chemical analyses af four mica schists
from the zone af metasediments west af

Bessel Fjord

The two columns show, respectively, average of the four analyses
and, as an example, the analysis closest to the average. AnaJysed at
GGU, see TabJe 1 lex!.

Granites S.l.

327838 Average
(example) of Il

Plutonic grey gneisses
327818 Average

(example) of 7
GGU no.
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forming part ol' the basement gneiss complex between
Grandjean Fjord and Bessel Fjord discussed in this paper.
Seven ol' the samples yielded Sm-Nd model ages in the
range 2.11-2.33 Ga, and a single sample from Bessel
Fjord an age ol' 3.04 Ga.

Smallefjord sequence

The basement gneiss complex is overlain by metasedi
ments ol' the Smallefjord sequence (Fig. 1). The most
extensive exposures are in C. H. Ostenfeld Land and in
north-east Nørlund Land; outcrops are notably good in
Smallefjord (Fig. 1).

Metasedimentary litholDgies

The Smallefjord sequence mainly comprises medium
to coarse-grained semi-pelitic schists and gneisses. These
are commonly interlayered with bands ol' psammite
which vary in width from less than a metre up to several
hundred metres. Metamorphic parageneses are amphibo
lite facies assemblages ol' quartz-plagioclase-biotite-mus
covite, often with gamet, sillimanite, or kyanite in semi
pelitic lithologies. Pods and lenses ol' calc-silicate mate
rial are common and inferred to represent metamor
phosed concretions; they contain an amphibolite facies
mineral assemblage ol' homblende-garnet-quartz-plagio
clase-pyroxene. Bands ol' orthoquartzite, up to 50 m
wide, are present locally in the vicinity ol' Slamsø and
Langsø (Fig. 1). Horizons ol' paIe-green, diopside-bearing
impure marble occur near the structural base ol' the se
quence; the most persistent ol' these, north-east ol'
Langsø, is 100 m wide and has been traced for 25 km.
Sedimentary structures are completely absent, and it is
not possibie to establish a stratigraphical succession.
Both the lower and upper boundaries are tectonic and the
sequence is so highly defonned that it is only possibie to
infer a minimum thickness ol' one kilometre. An early
imbricate basement/cover relation is revealed by an in
timate interbanding ol' basement gneisses and Smalle
fjord sequence metasediments in the boundary zone be
tween the two units.

The Smalletjord sequence is pervasively migmatised
and both semi-pelitic and psammite lithologies are char
acterised by discontinuous concordant layers and augen
ol' quartzo-feldspathic material, up to 20-30 cm wide.
These are composed ol' approximately equal proportions
ol' quartz, plagioclase and K-feldspar, and are commonly
veined by thin biotite selvedges thought to have been
produced by in situ segregation during peak regional
amphibolite facies metamorphism. Where the volume ol'
neosome is large (30-50%), extreme mobility results in
the development ol' anomalously complex structures (Fig.

8). In the area between Langsø and Barth Bjerge (Fig. 1),
where the degree ol' migmatisation is greatest, the meta
sediments contain numerous laterally persistent sheets ol'
concordant, leucocratic granitoid material up to 150 m
wide. The sheets comprise quartz-feldspar-biotite-musco
vite, and show avariably developed foliation defined by
alignment of these minerals, and biotite-muscovite
schlieren thought to represent remnants ol' the host para
gneisses. The complexly interdigitating and generally dif
fuse nature ol' the contacts between these granitoid sheets
and the host paragneisses is consistent with an origin by
in situ panial melting of the metasediments.

Metabasic rocks

Subconcordant sheets and pods ol' foliated amphibolite
are locally common. They contain an amphibolite facies
metamorphic assemblage of hornblende-plagioclase
quartz ol'ten with gamet, and like the host gneissic schists
are commonly veined by migmatitic neosome. These
metabasic rocks are interpreted as basic intrusions which
have undergone most, if not all, ol' the tectonic history
recorded by the host metasediments. Similar foliated
metabasic intrusions occur north-east ol' Agnete Sø (Fig.
1), but here they are generally discordant. North ol'
Slamsø (Fig. l) the metasediments are intruded by dis
cordant sheets ol' metadolerite up to 50 m wide. These
intrusions are undeformed and contain a metamorphic
assemblage of granoblastic clinopyroxene-gamet-plagio
clase. Field relations thus imply the existence of at least
two different suites of metabasic intrusions.

Granitic gneisses and augen granites

Strongly deformed intrusive sheets ol' granitic gneiss
and augen granite, up to 30 m wide, occur north-east ol'
Agnete Sø, and around Langsø and Slamsø (Fig. 1).
Contacts with host gneisses are sharp and slightly dis
cordant. They have been subjected to thorough meta
morphic recrystallisation and are characterised by lentic
ular feldspar (mostly microcline) porphyroclasts, 1-2 cm
long, enveloped by micaceous foliae and quanz ribbons.
Granitic gneisses at Langsø also contain minor amounts
of hornblende and garnet.

Age of the Smallejjord sequence

Original stratigraphic relationships between the base
ment gneiss complex, the Smallefjord sequence and the
EBG have been obscured by duetile deformation. It is
therefore necessary to rely on geochronological studies to
provide constraints on the age ol' the Smallefjord se
quence. Single zircon U-Pb ages have been obtained from



25

Fil!:_ g Aoomalou, ""1:111 ",.-ak fold, In mlglflauuc Sm3llcljonl
-.njue~ eUI b) lalc CaJ..:ooman 'l:I~. Bmh BJCrl!:l:.

1.... 0 umple, of \Cmi-pclilic parJ.gn.:I~' from thc Smalle
!jon! <.cqucncc (GG 249933 and 2-49939; Slr-J.chan el

al.. in pre..'I.\nal)'..e, ean Ile dl\id.."d broadly mlolhrec
group":

(1) > 1000 Ma 11rcon....... hlch display a polynlOdal age
di ..lrioulion..... llh 'pC;I~'" lIt c. ISDn. 1560. 1370.
1220 and 1O-4() Ma In addition. IV.O hue Archacan
11rcorh v.cre dClCClcd. Thc-.c IIrCOII .. are mlcrprclcd
J.~ dClnwl m ongm .Uld dcn\cd from graOllic rod...
(or gnei,\C") of differcnt age".

121 ZircOlh V. hidl yicld :l ml':ln 'llf.phP"Pb age of 9531:
13 f..'!:l. Thc..c gr.lIn, grew dunng li high-gmdc lcelO
nOlhermai c\cm. in ,omc ca"e~ as maniIc" Oll> 1000

Ma gTilin... Limilcd pclrogmphic evidence indicales
Ihal Ihe'\C graills grew /Il fifl/.

(3) Zireol\s which yidd a v.eighled mean '»>Pbf-'''b age
of 4-15 r IO Ma. This. is inlcrprcled IO rt.'Con! Calcdo
nian mctamorphism during Ihe lale Ordo\ kian.

The imerprclluion Ihal Ihe !.CCond group of zircons
grev. '" .filll during a high-grade IOClOnOlhcnnal e\cnl
imphes lhallhc Slll:lllcljord loCqucncc v.a~ dcpo!>ilcd be
I"ccn t·. 1()..W /\la and Ine lime of Ihc fi~t melamorphism
al 953 1: 13 M:i.

Calcdonian graniljc inlrusions and "ein
cOlllplexes

Comple:l;c" of ana~lomO"rng \ cins cullrng \ ariably dc
fomlCd granile. pcgmautc and aplilc \cins an: ubiquilOUS
"ilhin Ihe Slllalld}onl '>C..'qucncc and Ihc Mrueturally
highcs.1 Ic\cls or lhc ba'>CnlCnl gllCM comp1cx (Fig. 9).
Similar anaslonlO.. in!!- \ cms "hich imrude parts of thc
EDG are e\idcTltI) Caledoniall in age. The inlrus.iolll>
compfi'>C \ariah1c pmponlon.. of quanz. plagioclasc and
K-fdd:.par v.lth !luoor hlOllle and musco\ liC. Indi\ idual
"hecl.. or \cin.. ha\ c ,harp contacl.. v. llh hO"1 Iiihologic,.
and Illay \:lI) 1Il "Idlh fmm a fev. ccntllOClrc\ IO 4-5 111.

Then: i.. c\cl) lran'lliun from ..uoconcordant follillcU
..hecl". v.hich may hc fllldcd and bUUlhnagcd and di ..phl)
a Ihorough ..ohd-\l'llc dcfonn;ltmn fahri,·.1O undcfonncd.

1.1I1llfymg ncl"Or~\ of \CI11" and ,hcch v.hich prc.....nc
magmalie fealure~ ,uch ll"o'>Cillalol) zoning in fdd~par".

TIIC dcn.. ilY (lf \cining i, e:\lrcmdy \ariahlc..... ilh lhe
highc'l proponion øf \Cirh In lhe "oulh and sOulh-.... C..1 of
lhe arca. Major \ein complcxc.. arc localcd alung lhe

Fig. 9. Ana:.IOIfIO',lllg \cm coolplc\ 111 IIle hlghc>.l Ie_ch of Ihc ba.o>cmc:nl complc, and IIle o\crlymg SlllaJlcfjord -.cquc:ncc. Nooh
end o( Kild.:dalt:n. Cliff Ilelghl :lpproxlmatcl)' 700 Illdre,. LaJ..e :II 392 metre.. :u.l
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Fig. IO. S~ctch (lf 'lruclurc~ In b:lIld..-d b;b(:menl gncis!lCS aJong IIle chIT .'ioeCtion on tilt: soulh ,ide (lf mner Grandjean Fjord. ~oo.. ing
maJOf reculllocm i.loOCline, rcfoldcd hy )'oungcr nonh-soulh trending upright rold.~. 1lIc laller are 1l1Ierpn:talcd:&., being Cakdonian.

b.:Jscmcnt-5mallefjQrd "Cqucncc boundary in Kild<..--dalen.
along Ihc Smalleljord sequcnce-EBG boundary in Fem
dalen. and within thc Smallefjord ~uence al Kap Bueh
and Kap Ncgri (Fig. I). 1lle-.e complc>;es locally com
prise up IO 80lf gmnilic matcrial. as subconcordam mul
tiphasc ..hccts cnclosing 1cmicular. disconlinuous screcns
of host lithologies.

Regional deformation and mctamorphism

The ba!>Cnlcnl gnciss romplcx and Smalleljord sc~

qucncc togclhcr r\."'Cord a complcx and polyphasc defor
malional hi!.lory. ""hich lIlay be simplified imo ' .... 0 re
gionally impon::lIll group.. of slruclUrcs. The firs! group is
reprc-.cnlcd by larg.c-scalc. complc1( polyphasc folds
"" hicll are c!carly rccogni<.cd onl) in Ille basernenl gndss
complex. Thc '>econd group of "Iruclure~ is associatcd
.... itll regional dcfomlation of the Smallefjord scqucncc.
'Uld Ihe approxirnatcly coc\al fonll:ltion of ductilc shcar
zones lllong thc boundarics of allthc major Icclono-strJti
graphic unih in tllc region. 'l1lcse structures are posl-

date<! by uprighl folding broadly associale<! \\.ilh lhe de
\Cloprnenl of a regional ~uth-easl plunging synform
defined by foliation dips in Ihc basernenl and Smallefjord
scquence. and latc. steep brin!c faulls.

PoJYJJlwse /oldill,': o/ basemem gllf'issf's

Spcclacular cliff 'iCCtions pro\ ide c\ idence for at least
11,1,'0 phascs of approximatcly coaxial folding in thc cl)'s
lalline basernent },\neis'iC'l. Although complex in detail.
foliation and fold axial traces wilhin Ihe basemcm trend
gcnerally nonhward.. from Grandjcan Fjord. to s.... ing
easlwards in lhc Besscl ""}ord area. In Ine weSI of the
region. areas of nat-Iying or gClllly-undulating foliation
altematc with areas .... ilhin which foliation is gcnerally
"tccply inclincd IO Ihe cast. 1llc nal-I) ing zoncs are
dominated by rccurnbcnt i'lOClines .... ith .... ayclcnglhs of
up IO 5 km (Fig.. IO. 12). Fold axcs plungc gcmly IO the
nonh or 'lOuth. "ubpamllclto a \llriably dcyclopcd min·
cral line<llion. Anonmlously complcx fold gcomctries
havc bccn obserycd in inaccessiblc cliff \Celions and may

........
':.-:"'"..... .:.. ..

~::~~~:' ...".
... .

FiG. I I. Equal area ~lcrconcl

plot-. lo....cr heUli'phcrc. of
~l1lnll -.cate ,truclur.ll elemenl,
m {Il ba--emcnl gllCi,>cs. (2)
Smallefjord ,cquenee. and (3)
duelIIe ,hear LOIlC !lellloeen (I)

and (21. The fault ~P.1r:llil1g lhe
Smaliefjord .....'(IUClloCC amJ IIle

ba.;cmenl gnei,~ compie, i, tlle

'1~'Cp cilSlem part of lhc Bcs»c1
Fjord ~hear LOne. Note IIle
~ubparallcl ,hear 10110 SOUlh of
lir faull (IhlIl 'Ireal..,). Nonh
eaSI Norlund Land. for localion
'.et' Fill. I.
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Fil! 12. MaJOr i-.ochnal fold IO oo.\('mcnt Of1~ne,,:-e". rdoldcd by nønh-..uuth trending opco fold, \lo Ilh "!CCP ;I\lal ..urface... Nonh

of IOlleflT1O',l GrandJCan I-)ord al glacier front Cliff helghl :lppro:mnalely 1100 n1

rc..ult from thl' dc\c1opmcnt af dl'>C'<mlinuilie.. on fold
limb~. In combmallon .... Ith Cllocr progTCf>si\c rdolding af
1'-OClmc.. or the fOnll:lIIOn af highl} cunilincar ~heath

fohh. Ar~;l\ of \ICl.'pJ}.<hpping folialion corrc..pond IO
lone.. of rdoldlrlg .IOOU! a~lal ..urfa{·c" .... hich are modcr

31d) IO ..!cerl) mclint.x1tll lhe ca,. {Fil;' IO. 111. ,1lc-.c
laler fokh a"'o trend N S and lhe rcfolding af earlier
hodinc;, gcnCnJlC\ numcrous. Iype 3 imcrfcrcncc pallcm~

!-il!. l~. Mob.h'>Cd and dl,harmoOlcally foldet! marble IOCorpo
r:llmg amphltlohlc rafh In Ine Bc"!oC1 FJOfd ~hear tone. Ea~l of
Lang'>O. wulh of outer Bt."'S,!ic! Fjord. H3mmer for scale.

(sel/.ru Ram\tl). 19(7). A~ial trace,;; ofboth fold '>Ch trend
E-W in the Be\-.el "-Jord area, \\ Ith a;(e, plunging genEl)
\\e't. Thcrc are no clear hnc, of c\ldcncc \\hich al1o\\
un:llllhiguou, datmIl of lhc~ '>lructurc... In thc DO\ e Bugl
ar~a to Ihc Ilonh. \unilar \lrul'IUre\ h:l\e hccn a\\igncd a
lo"er Palal'Qloil' (Calcdonian) ag~ {ChJd"ick & Friend.
199~ l. hul a ProlcrulOic age cannot Ix: dhcou11l~d,

Regio//allo/{J;IIg ol the SlI/lIf/ejjort! ,W'lf/lt!JI(·('

TIlc dominant 'lruelurc.. within lhc Smallcfjord ,c
quence ;trc light-to-i\oclilla1. cOllllllonly reclincd, lllinor
folds of gnci\<;ic banding and miglll:llilc fahric~. Fold
axcl'> are gencralJy parallel IO :m approximatcly NE-SW
to E-W trending mincral eXlen,ion linc:llion ddincd by
aligncd micas, sillinmnite. amphibolcs and quartz-feld
spar aggrcgalcs. Although Illesc rold.. posl-dale pcal.. re
gional mClamorphhm and migm:lti,alion, the axial plllnar
rccrystal1i,ation ol' binlile :md hornblende and lhe com
mon prc"cncc ol' mdiating lUlh.. ol' <;illimanilc implics Ihal
amphibolile f:lcies condilions pcrsisted bolh during and
arter folding. Thc regional folialion wilhin lhc Srnalle
fjord !lCqucnce is Ihus compo,ite in origin. No major
folds relah...d IO lhis phasc of ddomlalion ha\c bccn
idcntificd.

U-Pb 7.ircon dating of dcformcd grnnilOid rocks which
inlrude lhe Smallcfjord '\Cquence (I-Ian..cn et (d., 19(4)

indicmcs a Calcdonian age for regional folding and coc
\al fabric dc\c1opmelll. A gmnilic gncis!> col1cctcd nonh
ol' Langsu yiclded an age ol' c. 400 Ma, prob.1bl) lhe age
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ril,(. 14. Map :lIld ~lcrcogr'lln plOI_ (Io\\lcr hcmi,phcrc) from Ihe :lrca m'Ound ioner KildL'dalcl1 .,howing Kildcdalcn ~hcar I.onc
~l\\Ccn the Lo\\.cr Pro,cr%je ha'>CnlCIII snci,sc~ ;\Ild the Middlc I'rolcrofoic Sm:lllcfjonJ \Cqucllcc. Slcrcogr'L111~ A lU D rcprc<;enl

lhe four main md, group~. For lo<:allon ~ce Fig. l.

(lf intru,iun. Tllc margin\ af thi, gmnilic gnei:os body arc
UI\corl1ant lu lhe COmJXl,ilionaJ banding and migmatiiie
fabric\ in hO\1 mctascdimcnl\. and lhc intrusion carries a
pcnctrJti\e \olid-<,tale defonllation fabric which is sub
pamild IO the regional foliation, A hetcrogeneously de
fonned 1cuCOgr.UHtc collcclcd north of Slamso yielded an
age of 409~ 1\la (1lan!'oCn f'f ol.. 199-1), also interprctcd as
an intru... ion age, Thi\ i\ onc of a series of ~ubcOllCordant

~hccts \\hieh ealT) both a \ariably dc\c1opcd solid-state
planar dcfonnation fahric parallel to thc regional folia
tion, and a pcna.'>i\e ENE-trending lincation.

Du{'ri/e sl/ear :OJll!S a/oll,': ti/e bosemelll 
Smallt'.fjord .\'eqll{'flCe bO/llu/ar)'

(l) IlIIlef Besse' fjtml - Hm'sUle/... In thls region. Ihe
basement-Srnalleljord 'K'qUC1lC'C contact i~ marked by the
Bessel Fjord ~hear zone (BFSZI. This ...hear zone has an
arcuate trace, trending east"anb along thc south shorc of
Bessel Fjord. then curving to run south-east towards
Hay~tad. (Fig. II). Along the soulh shore of Bessel
Fjord. the BFSZ comprises an up to 150 m wide zone of
hclerogencou... ducIiIe shcar wllhin "hich basemcnt



gnci"sc", Smallcfjord scqUCrK.'C 'iCmi-pclilie gneisses. and
grnnilcs and pcgmalilcs are dcformcd inlO belts of Ill} lon
ilie gnei..!>C\ and schi..ls .... hieh dip gCl1ll} IO moderniel}
IO Ihc "OUlh. All grndalions are apparenl bcl .... ccn augcn
of relali\cl} lo", Slrnin .... hich pre~nc original gncissie
fabric... Ihrough 1000CS of modernIc ~upcrirnposcd slrnins
ehltr.K:lcri-.cd by regular and planar gllCissie banding. IO
eOlllinuou.. bcll!> up IO 50 nlCl~ .... ide of m}lonilie IiIhol
ogic... NunlCmu.. ~1K'ClS af undcfonncd grnmte and peg
malilC of presUlncd Calcdonian agc llllrudc Ihc b:bCnlCnI
gnci .. !>C.. and Smal1cljord "Cqucncc, nonh and 'iOUlh of
BC'M:I (-jord re,pccli\cly. Wilhin Ihc ..hcar lOnc. dis
cordam relalinn..hip.. bcl .... ccn gmllilC\ and coul1lry rocks
arc only llpparcnl in arcas of low "lr"in: Ihcy arc progrcs
.. i\c1y modi lied imo concordanee a~ ...min inereases. and
no gr.milc, or pcgmalilcs wcrc oh....:r\'cd In lnmeate llle
rnylonilc fahric.

Soulh-wC'1 of Trums 0. Ihe BFSZ j., di,plaeed hy a
'ICCp. NNE-Irending dC;<lral fault (Fig. II). F...a'l of lhis
faull lhc ..hear lonc dips \lccply lO modcr:ucly to lhc
'o()ulh-"'C'l. lllld compri"cs a funhcr lWO mllppllble high
,Iroli n IOnc, in addition IO thai ltlCJlCd along lhc main
ha'iCmenl-Ul\cr conlaCI. The 'lruclUr.III} lo.... c..t of Ihc'ie
lonc' i, lrnccllhlc for c 25 Lill. lmd loealcd along a
promlllCn! lmpure marnlc Unll .... lIhm Ihc Smallcljord
-.cqucrk.'c (hg. 131. It eompri-.c' J complc~ lonc of dis
hannonilall) dcfol1lll.."d Ill} IOOlIK mamlc .... hich incorpo
rJlC, nunlCruu, d..'1ik:1K'd blod", of my !tIllIII'" amphlbolile
anJ -.cml-pchl ..... gnei,,_ AI a 'lrno.:luraily hlghcr 1e\e1 IO
Ihc ,,)uth-"'c"l 11ll0l.hcr bel! of mylOllili-.cd "'Cmi-pelilic
gOCl.... " Imecahle for 12 "'m (hg 11). A thm <;trip of

Fi!. 15. Lo anlllc dlSCordanl eonlaet bel"'crn ba--.cnlent onho-
1!1lC1":.c' (Io <'f" hght roIou~ unul and ltle Kildcdalen 4Jear
lone eontl'rhmg ..lronl!ly !>hea~ ba"Cmenl 1!1lC1\;('l,. Small
efjonl -.cqueoce al lop. Cliff helgtil c. .wo ni Nonhemll'l()';l
Kildcdakn

29

Fig. J(). M:lJor reelincd Calcdooi:1Il mllirllrm fuldmg lhe Kild... ·
d<llcll ..hc;lr IOlle. Ea.. l .. ide or Kildcdalcll. u ... '1-1l0rlh- .........1or
ShIllNI. PlmlOgnll'h rrom Lauge Koch aenaJ pltulOgr<lph mllee
lioo. GI:Qlogie;11 i\lu'I.'Ulll. Copcnh:lgcn (W Dn:hl. 1955).

mylonilic ha-.cnlCnl gncis~ occur. bclv,ccn Ihe'-C l'WO high
'lmin lonc~ (Fig. II). ahhough il i\ unccnain .... hclhcr il
oeeuple, Ihe lorI.' uf an i...oclinal fuld ur re'l' on a pl,mc uf
di,loeatioo.

Roe'" UlU" '" uhm Ihe BFSZ "onlall1 li lIllIlcmi C'itcn
,ion line:tlllln dcfincd by alignmcnl of mica,. amphloolc,
and quan/-fcld'par aggregate~. Along thi.' \O\.Ilh ..hore of
Bc....... II"jurJ Ihl, linealion plunge, obh4UCI) do", n-dip IO
IIle ")luh·.... c,. (hg. 111. A lop-lo-lhe·",ulh-v,C,IIC'iICn
,iona\) <,eno;.: of di,placcnlCnt pamllcl to lhc lincalion
ma) hc deduccd fmm rolalcd porphyrocla,,, ("igma and
dclta Iype\,). C-S fabric, and mc..o<.copil' ..hear lonc... In
lhe ca"lCOl pan of thc ,hcar lone lhe IlIlear fatoric gener
lIlly plungc, ..tccpl) down-dip lo lhe ,oulh-",c,t. aJthough
i~ locaJly c.~lrcmcly \ariablc in oricnllllion (Fig. II).

PClrogr:lphic .. tudy of mylonilc" from lhe BFSZ io
diealC" lh"l deformation occurred wilhin thI.' upper :.nn
phibolilc fllciel>. [n lhin-scclion. ribbon.. of dynamically
recry.. lalli ..ed '1uar1z. amphibolc and mica wrap gamets
:md dueli1e dcfonned feld~par porphyrocl:l~h. In myton
ilic gnci"l>cl> or Ihc Smalleljord o;cquenec. lalh.. of frcl>h
sil1imanite lie pamlil.'I IO Ihc fabric and llrc in apparent
tcxluml C(luilibrium wilh rccry'lalli'>t.'<! blotite and mus
cm ile. Randomly orientcd fibrolile maiS o,crgmw lhc
mylolllle fabne, indiealing a funher period of mincmI
gro", Ih under mid- IO upper amphibolilc facie,> condilions
after myloniti~lion.

(2) Grmuljl!(1t! Fjord - Ejllar MiUl!lsl!tI GJe/sdler. The
conlacl bel",een IIle baM:menl gnci.'>!oC' and lhe Smalle
ljord "Cqucncc in Ihi~ region is dcfined by Ihc Kildcdalcn
shear lOne (KSZ). Wcst of Slam..o (Fig. l~) IIle KSZ is
char3Clcri!.C<l by a prominent easlcrly-dipping helt. 3.5
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Fig. 17. BouOOar) bel"cen ERG and lInderl) mg Smalleijord 'oCqUCJ1CC rocb.l.oll. dlPJllIIg e:uen~lonal ~hcar 101M:' an: lndic:lloo.
HHF Bcr/.ehus BJerll: FormalIon of IIle ERG. North ~horc: of OOler Smallcl)ord. chff hcight 15]5 m.

lm "ide. af nagg}. rcgularly banded bascmcm gnci~s:

thc ""idth of te\\orl..ed basement rods dccreases nonh
"anh IO 1.2 "m in the aæa bcl"ccn nonh Kildcdalen and
Smallcljord. Lilhologie b:tnding i~ 'ypically on a !>C.lIe of
1-5 cm: lo\\-angle discordance~ bcl"ccn (hfferent oc
thognci~~ lype, arc occasionally dlsccmablc. bul most
tonlacl~ an: concordanI. Calcdonian gr.lIlitc and pcg
mallIe \cins :læ commoni)' highly discord:lnl to IhciT
country rocl..~ "eSI and C:lst of lhe KSZ. bUl wilhin [he
,he:'f Lone :tTe generally cilher lightl)' foldcd or high ly
:lttcnualcd and boudillagcd. Thc regularity of fabric etmr·
;I(;ICri'lic of llle KSZ cOlltrJSlS ~harply wilh tlle coarscJy
imerla}ercd 'Iow stmill' glleisses .....C..l of Ihe shear zone
whith h:lve l1luch more variable slruClUral trends and
irrcg.ular di"Cordant COntaClS bcl .....een differenl orthog
nei'" t)lle" In north Kildcdalen. lhe base of Ihe KSZ is a
prominent casl-dipping faulI (Fig. 15). High qmins ap-

w

pcar to ha\c OC"C1l particularly concentralcd in thc UP"'
pcmlOSl Ic\'cls of lhc basemenl ,inec onl} th<: Io.... crmost
100--150 \Il of thc Smalleljord scqucnec is strongly de
fonneil

Rc....orl.ing of basemem was associaloo ~ilh Ihe de
\c1opmenl of numerous light-lo-i,ochnal me'iOscopie (O

macro~opic folds; (Fig. 16) .... hich are chamcterised b)
highly Ilauencd and attenuatcd limbs and lhickcncd hingc
zones. Fold axes mostly plunge parallel IO an ESE-WSW
Irending mineml eXlension lineal ion. allhough loclllly
Ihcy have highly curvilinear geOl1lelric\, These 'tructurcs
are abse11\ in the basemcnl gneisl>cs WC,I of lhe KSZ. bUL
are coplanar <lnd colinc:!r wilh regional (COllcdoniOlIl)
struclures in the Smllllcljord sequentc. Kincmillic in
dicmor, are mrc wilhin lhe K$Z. Top IO Ihe NE (exlen
sional) displlleemenl parallel IO lhe mineral lincation is
indicall-d by Ih<: sense of shcar and folding c... hibilcd by
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gi">.IBBsemenl gnelss complex Smalleljord sequence

Fig. III Cro,s-..eclion OCIIH"Cn UaY'lacl. in lhe east aod Canonglclschcr In llle IH'<;I showing slruclurJl relation.hlp, ocl\\ocn



deformed grnnile \'eins and locally by Ihe dlrcelion of
ducu1c rolation of banding displaycd by gnci,>'iCs in ml,'
immedialc fool\\alllo Ihe <;.hear lone (hg. 151.

Thin·;,eclion analy<;is demon'lratc" lhal deformation
ocrurred "ilhin the amphibolitc facic<;.ln re"ori.cd base·
ment rocks. bands of dynamieally 1'CC1)"lalli'ioCd horn
blende and hiOlite ahemate "ilh anncalcd granoblblk
aggregate, of quaoz and feldspar. M}lonitic gneis!O of
Ihe Smallefjord <;equence carr)' a pcnelrali\e quaoL-mica
ribbon fabrie O\efl!ro"n by Iibrolilc mab...ho"ing Ihat
mid-Io upper amphibolile faeie<;. mel:ullorphie eondilion"
pcl"\i"led after dcfomlation.

In lhe poorly c'lposed area ocl"ecn Ejnar MiJ..J..eben
Glct;,chcr and Bc<;<;el Fjord. Ihe Smallefjord ..cqucnee i<;
appan.:ntly ab..cnl and Ihe haselllcnt i.. in hrin1c fault
cOl1lacl wilh lhc EBG (Fig. l). A well cxpo<;cd vallcy
"cclion Wc<;l of Kn;ck<;o demolhlnlle .. Ihal a hell of
<;Irongly IO modemlcly dcfonned ba..CJllel11 nx:k, up Io

I km .... ide rc..cmhling Iho<;e of lhe KS7 oecur.. immedi
alcly "e..1 of lhe faull. Gi\cn lhe Iidd and l>Clrogmphk
e\ldence \\hich indicaie.. lhallhe Kildcd..lcn and Be....cl

Fjord ..hear IOIlC" have lhe <,,;tnx.: .. lrul·tural po,ilion.
fornlcd al .. imilar grJdc.. of nleIJll1orphi ..ll1. ..Ind have IIlC
·..:une age rclauon..hip.. IO Calcdoni;1O ,InJelure.. and gr..tn
IIIC \CIIl eomplexe... il is ..uggc"lcd Ihal Ihey fonnt.."d
appro\lmau:l) eonlempor.meou..l) and .... erc acll\c dur
mg a pcnod of e:<len..ion III Ihe Caledoman Ol"ogen).

J)1I('/i/('~IIt'(lr :011('$ (IIo/lg ,ht' Illargi"... of ti,t'
t:1t'OIwre !JU\- SlIpu..f<rOIlI'

Thc EHG l" panly hounded by 'Icep. bnule fauh<; (Fig.
1). Ehc.... herc i~ conlael<;. .... ilh llle underl) ing Smalle
fjord <;equcnee are genlly IO moderJlCI)-inclined duelile
~hear 7..Qnel.. "hieh are often di,rupled or ob'>Cured by
inlense granile shecting (cf. also Soper & Higgins. 1993:
Iliggin~ & Soper. 1994). Thc..e l-hear LOne.. are bclt~.

se\·cr.Ll hundred metres wide. wilhin whieh mylonilie
gnei~..e, and sehi<;ts derivcd from lhe Sm<lllefjord sc
quence P:I'~ apparcnlly Il'lm:.ilionalJy ;nlo slrongly fo
li<lted and lineated lllclasedimcmary roe'" of Ihe EBG.
i\lylonilie gmOllie sheets infcrred IO have bccn cmplaeed
cilher prior Io or during ~earingare eul b) le,s deformed
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di<;cordanl ~hecls. Strain and melamorphie grade dccrcasc
rapidly wilhin Ihe EBG away from lhc marginal shear
70nc<; (Soper & j-liggins. 1993).

Tr.l\cl'\e" acroS!o the fault1:.hcar zooc .... hieh defillC.'> lhe
\OUlh-"e\1 bound3l) of thc EBG dcmon!>lralC lhal thc
lioear fabric pæ!>Cnt "ilhin lhc <;.hcar 70ne and lower pans
of Ihe E8G is eolilx.:ar wilh lhe regional (CalLwnianl
Jioeallon in lhe Smallefjord ...cquencc ("lg. 1..11). A IOp

Io-Ihc-nonh-ea~l (exlensional) -.ense of di"placell'lenl
aeros, lhc <;hear LOne i<; indicated by c:uensional shear
b.md<; and maero'ioCopie shcar zone" (Fig. 17). Thi<; is
eon..i'lent "ilh Iicld e\ idenee easl of Ejnar MIHelsen
Glcheher "here Soper & lligguI" (1993) II\dieale lhal
minor fold" in Ihe <;hcar zone vergc do\\ n-dip IO thc
l1onh-e<lQ.

Thc ,hcnr lonc which deline.. Ihe lIonll-ea'l Ooulld:lrY
ol' the EBG wa, nOl examined in delail. Soper & Iliggins
(1993) record Oolh extension..l 'lIld contprc"ional "inc
malie indic:llO...... and aceordingly infcr li comp1cx mo\'c
melll hi"IOr).

Ulff' fOId\ (l/ul hriulf' fillll/S

Fohation "Ithm Ihc ba!>ClllCnt gnei .."'C.. <Ind lhc Smatle
fjord ')(.'quencc delinc a regional <,()Uth-plungmg ,hallo"
,ynform. thc core of"hleh is oceupled b) lhe EBG (Fig.
181. Slrueture.. "hieh may have fonned dunng thi .. penod
of dcfonnauQfl compri-..c a ..... rie.. of' S lrcndmg major
fold, m IhI." area \Outh of Lang'o (hg. I l. Lale hnulc
faulh lrend approxlmalely N-S and are mar"ed b) 700c'
up IO ::!OO ni .... ide of c",..hed and \ariabl) ealacla..eJ
counll) rod. Thc major lhru..1 f,1U1t "11Ich define, lhc
nonh- .... e .. l nl3rgin oflhe E8G. :md lhe fault "hlch lrend,
\Oulh from lhe ca'l end of Smallcfjord IO Gr.mdJean Fjord
(Fig. l l. Oolh dm\ nlhrow to lhe ea~l and are plau"ibly
rclated IO Ihe de\elopmelll of lhe L:!le Palaeol.Oie Hoch
Sleller Forl'lful basin.

Regional corrclations

Tne b;1~menl gnei ..5oC~ bctwecn Grandje:lIl Fjord and
Bcs<;el Fjord rcprcsenl lhe caSlem pan of Ine UlUrcnlian
,hield. ",nicn was in\ohcd in the Calcdonian deforma
lion. In l'CCent papcn;. Kalsbcck ('/ llJ. (1993) and Kals-
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E::;:jEleonore Bay Supergroup 10 km

bal.crnelll L"OOlplcx. Smallcljord .....-qUCf1CC and Ek()l1Ol"e Bay Supcrgroup. For ..lrutlUral ')'mbol, and -ecuoo hne..ee
Fig. 1.
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rig_ 19. r-l3p of paR Ofllle Ea~l Gn.'Cnlnnd Calcdonidcs showmg

dl'lnbullOn of MIOdle Proterol.oic rncla:>e(limenl~. infracru'laJ
ha-~mcnl complc\l:', and llle Uppcr ProteroLOic to Ordo\ ician
....·(hmclll\ l11e OOSClllcnt ha!. bcen ~Ubdl\10Cd according to 111c

IIIlelT'fCtallon af l"OCopic age dala ioto lhrce unib: Archacan.
Lo...cr ProlcroJoic and ~hddlc ProIeroJ:OIC.

bcck (199-1) dc~cribed thc gco(:hcmislf)' of Ihe bascmcnt
gncbs complcxcs of North-E:ISI Grccnland, including
Ihose discu:.scd in this papcr. and made regional correla
tions and inlcrprcl:llions.

l1le folIowing discussion centres an possibie corrcla
lion of the Smal1cljord !>equcncc .... ith variou!> roek unit:.
cxposcd .... ithin the Calc<lonian belt in Ea~t Grccnland.
Hcnri\..!>Cn et al.. (1989) propo'iCd a lentathc corrclalion
of (Ile Smalleljord scqucn<:c wilh the Middle Prolcrozoic
KrunUllt"dal scqucnce cxpo'>Cd m IIle Scorcsby Sund re·
gion (70'-72 N: Fig. 19). Il i~ therefore approprialc to
re\ic.... bricny Ihc geology of thc Krummcdal M:qucnce.

11lc Krummcdal supmcruslal M:qucnce was creclc<l as
an infonnal strmigraphie uml in IIle Scorcsby Sund re
gion. 70°_72 N (Ilenri\..<;en & Ihggins. 19(9). A recent

review of Ihc Krummedal supracru~lal scquencc and
cqui\alcnts in central EaSt Greenland (72'-7-t N) .....as
published h) 1I1ggins (1988). II compri<;es a 2500-8000
m thic\.. scqucnce of pclilc<;. scmi.pclitc<;. and quanzitcs
.... hich ha\c bcen \'ariou::>l) mctamorphosc..-d within the
amphibolilc facics. Laleral and \crticalliloologieal \3(

i:ltions are con~idcrable. and eorrclalion bel.... cen lhe \·ari·
ous loeal <;uccc\sions recogni-.ed has not bccn pc:Ksible as
a muh of \Iructurol comple~llY and Ihc "CarcilY of sedi
mental) structures. Mamie" arc present loeall) ncar Ihe
structural ba!>C of llle ltoCqucncc. Thc conlacl bel....ccn the
Krummcdal ..uprJcru.. tal ~ucncc and lhe undcrlying
Archae:1ll ba-emelll in Ihc Score\by Sund region (fly\cr·
ljord infrncru<;tal complcx: IIcnrikscn el til.. 1980) :md in
ccntml Easl Grecnland is 1Il0"lly concordant. with thc 1....0

unilS complcxly interfolded. Rarc discordance...s oclwccn
b;.<;cmcnl gneiss and ru\IY quart/itc~ and \chists may.
howc\cr. result from thc \cry local prc..ervation of an
original uneonformilY (Iliggin\ el fil .• 1981). Lenses and
hori7.0ns of amphibolite are con\picuou\ in 10wcr levcls

of thc ~ucec ..sion.
[SOlopie agc deleTlllinaliolh indiealc aMiddie Protcro

.wic age for lhe Knlmmedal ~upraerust:ll ~C(IUCllcc. In thc
Scorc~by Sund rcgion. :L Rb·Sr whole rock isochroll age
of 1122:!: 93 Ma oblllincd from miCil schisl i~ il1lCrprclCd
:IS daling regiollalmctamorphi\ll1. Thi, i\ suppc)rtcd by a
U-Pb monazilc :lgC of lOlO:!: IO Ma (!lanscn el (II .•

1978). Augen ~r:lllile shcct~ which i11lrudc migmatiscd
equi\alcnt!' of llle Krummed.t1 \upracruslal 'iCqucllce
ha\c yiclded a U·Pb Lireon age of 1053 :!: -tO 1\la and a
Rb·Sr \\hole rock ."ochron age of 987 :!: 2J Ma (Slciger
et lIl .• 1979).

Rb.Sr dala obtaincd from ,upracrul>lal roc\..s from the
fjord LOnc of cenlml Ea!'t Gn.-cnland (72'-7-t°N) pioIon a
c. 1250 1\la reference line (Re~ & GIc<lhill. 1981). This
agc cSllmate is broadly consistcnt with Rb-Sr ....hole rock
isochron agc.. obtained from fohalcd ·older granilcs·
.... hich intrudc thc suprncruslal scquence: 1.....0 such gran-



ites have given ages of 1000 ± 70 Ma and 1080 ± 200 Ma,
whereas other similar granites have given ages around
750-650 Ma (Rex & Gledhill, 1981). The validity and
significance of these younger ages is uncertain.

The marked similarities in structural setting, lithology
and age of metamorphism of the Smallefjord sequence,
the widespread cover sequences of the central fjord zone
and the Krummedal supracrustal sequence are indications
that these unjts are broadly correlatible. Differences in
estimates of ages of metamorphism for these sequences
are lhought to be at least in part due to variations in the
precision of the isotopic techniques employed, as well as
the inaccuracies now known to be inherent in the Rb-Sr
method. A tripartite tectonostratigraphy which com
prises: (1) late Archaean to Lower Proterozoic basement;
(2) Middle Proterozoic supracrustal cover; and (3) Upper
Proterozoic to early Palaeozoic sediments; may now be
applied with confidence to much af the Bast Greenland
Caledanides in the region 70o-76°N.

References

Chadwick, B. & Friend, C. R. L. 1991: The high-grade gneisses
in the south-west of Dove Bugt: an old gneiss complex in a
deep part ol' lhe Caledonides ol' North-East Greenland. Rapp.
Grønlands geo/. Unders. 152, 103-1) I.

Chadwick, B. & Friend, C. R. L. 1994: Reaction ol' Precambrian
high-grade gneisses to Caledonian duetile deformation and
younger faulting in Dove Bugl, Norlh-Easl Greenland. Rapp.
GrØnlands geo/. Unders. 162 (this volume).

Haller, J. 1953: Geologie und Petrographie von West-Andrees
Land und Ost-Frænkels Land (NE-Gronland). Meddr Grøn
land 113(5), 196 pp.

Haller, J. 1955: Der 'Zentrale Melamorphe Komplex' von NE
Gronland. Teil l. Die geologische Karte von Suess Land,
GletscherIand und Goodenoughs Land. Meddr GrØnland 73,1
(3), 174 pp.

Haller, 1. 1970: Tectonic map ol' East Greenland (1:500,000).
An account ol' tectonism, plulonism, and volcanism in East
Greenland. Meddr Grønland 171 (5), 286 pp.

Haller, J. 1971: Geology of the East Greenland Caledonides,
415 pp. London, New York, Sydney & Toronto: Inlerscience
Publishers.

Hansen, B. T, Higgins, A. K & Bar, M.-T 1978: Rb-Sr and
U-Pb age pattems in polymelamorphic sediments from the
southern part of the East Greenland Caledonides. Bul/. geo/.
Soe. Denmark 27, 55-62.

Hansen, B. T, Henriksen, N. & Kalsbeek, F. 1994: Age and
origin ol' Caledonian granites in the Grandjean Fjord - Bessel
Fjord region (75°-75°N), North-East Greenland. Rapp. Grøn
lands geo/. Unders. 162 (this volume).

Henriksen, N. & Higgins, A. K 1969: Preliminary results of
mapping in the crystalline complex around Nordvestfjord,
Scoresby Sund, East Greenland. Rapp. Grønlands geo!. Un
ders. 21, 5-20.

33

Henriksen, N., Friderichsen, J. D., Strachan, R. A., Soper, N.1.
& Higgins, A. K 1989: Caledonian and pre-Caledonian geol
ogy of the region between Grandjean Fjord and Bessel Fjord
(75°-76°N), North-East Greenland. Rapp. Grønlands geol.
Unders. 145,90-97.

Higgins A. K. 1988: The Krummedal supracrustal sequence in
East Greenland. In Winchester, J. A. (ed.) Later Prolerozoie
stratigraphy of the North Atlantie regions, 86-96. Blackie.

Higgins, A. K. & Soper, N. J. 1994: Snucture ol' the Eleonore
Bay Supergroup at Ardencaple Fjord, North-East Greenland.
Rapp. Grønlands geo/. Unders. 162 (this volume).

Higgins, A. K, Friderichsen, J. D. & Thyrsted, T 1981: Pre
cambrian metamorphic complexes in the East Greenland Ca
ledonides (72°-74°N) - lheir relationships IO the Eleonore
Bay Group, and Caledonian orogenesis. Rapp. Grønlands
geol. Unders. 104, 5-46.

Kalsbeek, F. 1994: Geochemistry of Early Proterozoic basernent
gneisses from the Caledonian fold belt of North-East Green
land: recurrent orogenic activity along the western margin of
North Allantic Ocean. Submitted to Precambrian Research.

Kalsbeek, F., Nutman, A. P. & Taylor, P. N. 1993: Palaeoprole
rozoic basement province in the Caledonian fold belt ol'
North-East Greenland. Preeambrian Res. 63, 163-178.

Koch, L. & Haller, J. 1971: Geological map ofEasl Greenland
72°-76°N. Lat. (I :250,000). Meddr Grønland 183, 26 pp.

Pearce, J. A., Harris, N. B. W. & Tindie, A. G. 1984: Trace
element discrimination diagrams for the tectonic interpreta
tion of granitic rocks. 1. Petro/. 25, 956-983.

Ramsay, J. G. 1967: Folding and fraeturing of rocks, 586 pp.
New York: McGraw-Hil1.

Rex, D. C. & Gledhill, A. R. 1981: Isotopic studies in the East
Greenland Caledonides (72°-74°N) - Precambrian and Cate
donian ages. Rapp. Grønlands geo/. Unders. 104,47-72.

Soper, N. J. & Higgins, A. K. 1993: Basemenl-cover relalion
ships in Ihe East Greenland Caledonides: evidence from the
Eleonore Bay Supergroup at Ardencaple Fjord. Trans. Roy.
Soc. Edinb.: Earth Sci. 84, 103-115.

Stecher, O. & Henriksen, N. 1994: Sm-Nd model age an early
Proterozoic gabbro-anorthosite from the Caledonian fold belt
in North-East Greenland. Rapp. Grønlands geol. Unders. 162
(this volume).

Steiger, R. H., Hansen, B. T, Schuler, C. H., Bar, M. T & Hen
riksen, N. 1979: Polyorogenic nature ol' the southern CaIedo
nian fold belt in East Greenland: an isotopic age study. J.

Geol. 87, 475-495.
Strachan, R. A., Nutman, A. P. & Friderichsen, 1. D. in press:

SHRIMP U-Pb zircon geochronology of the Smallefjord
(metasedimentary) sequence: implications for crustal history
and structure ol' the Greenland Caledonides. J. geo/. SOG.
Lond.

Streckeisen, A. L. 1976: To each plutonic rock its proper narne.
Earlh Sci. Rev. 12, 1-33.

Tucker, R. D., Dall meyer, R. D. & Strachan, R. A. 1993: Age
and tectonothermal record of Laurenlian basemenl, Caledo
nides ol' NE Greenland. J. geol. Soe. Lond. 150, 371-379.

Wedepohl, K H. 1969: Handbook of geoehemistlY 1, 442 pp.
Berlin: Springer-Verlag.




