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The Caravarri Formation of the Kautokeino Greenstone
Belt, Finnmark, North Norway; a Palaeoproterozoic
foreland basin succession
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Torske,Tore & Bergh, Steffe n G. 2004:The Caravarri Format ion of th e Kautoke ino Greenstone Belt, Finnmark, North
Norway;a Palaeoproterozoic foreland basin succession.NorgesgeologiskeundersekelseBulletin,442, 5-22.

The Caravarri Form at ion is the youngest supracrustal unit in th e Palaeoprot erozoic Kautoke ino Greenstone Belt of
western Finnmark.This greenstone belt and correlat ive unitsat Alta farther north were form erly ascribed to a cont i­
nental rift sett ing near th e north ern margin of t he Fennoscandian Shield.The Caravarri Formation is metamorph o­
sed at very low grade and made up of c.4000 m-thick, upward-coarsening, siliciclast ic sandsto nes and conglome ra­
tes deposited in a present ly NNW-SSE-trendin g basin. It rests with deposit ional contact on th e und erlying argillitic
Bik'kacak'ka Formation.The eastern boundar y is an east-dipping thru st, w it h a hangingwall block of older, more
highly deformed and metamorphosed metasupracrustals.
The Caravarri Formatio n is subdivided into three lateral segments, from south to north, th e Njargavarri, Geesvarri
and Caravarri segments,separated by inferred faults.The faciesassociat ions reveal: (i) an extensive lower conglome­
rat ic member (unit 1), present in all segments and interpreted as subaqueous debri s-flow deposits, (ii) pebbly sand­
stones and conglomerates interpreted as shallow-marine tu rbidites, debri s flows or fan-delta deposits wit h locally
derived carbonate c1asts, which domina te in th e Njargavarri segment and lower part of the Geesvarri and Caravarri
segments,and (iii) conglomerates and channelled and cross-bedded sandsto nes interpreted as prograding alluvial
fan and fluvia l tr unk-river deposit s that characterise the northern, Caravarri segment. Uniform transport direct ions
from an easterly source can be demonstrated for th e fluvial and alluvia l successions. Distinct differences in c1ast
matur ity and various propor tions of quartzite, jasper/chert, and carbonate c1asts, suggest a younger age of c1ast
depo sition when moving northwards.
The Caravarri Formation is reinterpreted as a molasse-typ e succession, deposited in a foreland basin that reflects
changi ng provenance and depocenter migration through ti me. In the south, the basin was underfilled, with subsi­
dence-induced, relati vely high-gradient topography generat ing fan deltas with repeated mass flows and turbidity
current s. In the central and nort hern segment, the basin became overfilled, i.e., fluvial t runk-rivers were overridd en
by large, westw ard-prograding alluvial fans with c1asts derived from a more distal source, prob ably th e uplifted,
Svecokarelian thru st belt to the east.The lateral segmentat ion of th e Caravarri basin may have been controlled by
frontal t ransverse faults of th e th rust belt .
The Caravarri Format ion is tentat ively correlated with the Kumpu Group « 1.88 Ga) of Central Finnish Lapland,which
overlies th e Palaeoproterozoic Kittila Greenston e Complex.The Kumpu Group isnow interp reted asa foreland basin,
molasse-type unit deposited after the Svecokarelian orog eny. Such an interpretation and tectonic sett ing support
derivation of t he caravarri Form ation from the Svecokarelian coll isional orogen of eastern Finnmark, dur ing which
tim e the Lapland granulite belt and related allochthonous unitswere thrust westwa rd onto the Karelian craton.

Tore Torske & 5teffen G. Bergh: Departm ent of Geology, University of Tromse, N-9037 Trotnse, Norway. Tel. 77644464, e­
mail :5teffen.Bergh@ig.uit.no

Introduction and geological setting
The Caravarri Format ion is the youngest supracrustal unit in
th e Kauto keino Greenstone Belt of weste rn Finnmark, North
Norway (Fig. 1; Holmsen et a1. 19S7, Olsen & Nilsen 1985,
Siedlecka et al. 1985, Solli 1983,1990, Olesen & Sandstad
1993). Togeth er with the Karasjok Greenstone Belt, farther
east, the Kautokeino belt form s th e bulk of t he
Palaeoproterozo ic cover rocks; major units of tholeiitic
metabasalts, tuffaceous greenston es and amphibolites
alte rnati ng wit h metasedimentary rocks. This pile of
supracrustals rests upon crysta lli ne basement wit hin the
Karelian craton near th e northwestern marg in of t he
Fennoscandian Shield.These greenstone belts are separated
by a str uctural basement dome of Archaean to
Palaeoproterozoic ton alit ic gne isses and granites :the Jer'gul
Gneiss Complex and it s par-autochthonous sed imentary

cover, the Skuvvanvarri and Masi Formati on s (Fig. 1;
Siedlecka et al. 1985).

The rocks of the Caravarri Formation compose a 3-6 km
wide,NNW-SSE-tr ending, linear mountain ridg e in th e north­
western part of t he Finnmarksvidda plateau. It risesto 300 m
above th e gen erally mo re subdued and heavily covered
areas on both sides.The ridge is well exposed for about 25
km along strike, from lake Carajav'ri in th e north to th e hill
Lulli l.ik'ca in the south (Fig. 2). The formation has a sharp,
conformable contact with und erlying units to the west, but
is thrust-bounded to the east (Fig. 2). The ridge is also seg­
mented by transverse faults. Lithologically, th e formation
consists of well preserved, very low-grade metamorphic,
siliciclastic sedimentary rocks , with a stratigraphic thick­
ness of up to about 4000 m; its bedding dips consistently
eastward (Fig. 2).
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Fig. 1.Simplifi ed geological map of western Finnmarksvid da and th e Alta-Kvzenanqen tectonic wi ndow.Location of th e Caravarri Format ion is shown ,
in the rectangle (from Siedlecka et al. 1985).

The units flanking th e Caravarri Formati on all belong to
the Kaut okeino Greenstone Belt (Fig. 1); the y include: (i) to

t he west, th e conformably underl ying, steeply east-dipping,
1000-1500 m thick, argillite-siltstone dominated,
Bik'kacak'ka Format ion (Sied lecka et al. 1985).This formation
is in turn und erlain by mafic metavolcanic rocks of the
Cas'keja s Formation, including th e Stuorajav'ri and
Suoluvuobmi Formations (Siedlecka et al. 1985); (ii) to the
east, th e Caravarri Formation is bounded by a moderately to
steeply east-d ipping thrust system (Fig. 2) wi t h hangingwall
rocks of th e l.ik'ca Formation, comprising greenschist-facies
metabasalts similar to those of the Cas'kejas Formation , and
a few metasandstones. No thrusts are record ed we st of th e
Caravarri Form at ion.

Within a di stance of abo ut 500 m from th e east- bound­
ing fault zone, th e Caravarri sandstones are variably alte red
to light red and grey qua rtzite (Fig. 2).The fault zone itself is
c. 1 km wide and made up of a heterogeneous, high ly dis­

rupted subzone of semi-duct ilely deformed phyll itic and
graphite-bearing schists interpreted as a thrust detachment.
Locally, sheared and fo lded dolomite-marble lenses are
observed which represent tectonised rocks of th e hanging­
wall , the u k'ca Format ion (Siedlecka et al. 1985). Sheets of

deformed mafic int rusive rocks and a lens-shaped Iherzolite
bod y are also present in this zone (Fig.2).

The Caravarri Format ion can be correlated wi th the
Skoadduvarri Sandstone Format ion at Alta (Holmsen et al.
1957, Barth & Reitan 1963, Zwaan & Gaut ier 1980, Torske &
Bergh 1984a,b, Bergh & Torske 1986), the youngest unit of
the Ra ipas Supergroup in the Alta-Kvcenangen tecton ic win­
dow within the Caledonian napp e area (Fig. 1).

Previous work and models
The rocks of the Caravarr i Formation had not been reported
in th e geo logical lite rature unti l Holmsen et al. (1957) intro­
duc ed them und er the design at ion 'Caravarrl Grit : Oft edahl
(1981) included th e 'Grit' uni t of Holm sen et al. (1957) and
th e Bik'kacak'ka Format ion in 't he Caravarri Group; wh ile
Sied lecka et al. (1985) gave th e gri t- uni t t he formal name,
'Caravarri Format ion:

The depos it iona l character and tecto nic signifi cance of
the Caravarri Format ion, relat ive to other supracrustal un its
of th e Kautokeino and Karasjo k Greenstone Belts, have not
yet been add ressed. However, Torske (1977) and Bergh &
Torske (1986,1988) ascribed, tent atively, the Caravarri and
Cas'kejas Format ions and the correlat ive Raipas Supergroup
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of Alt a, including the Kvenvik and Skoaddu varri Format ion s,
to a continental rift sett ing near th e northern margin of th e
Fennoscandi an Shield. In th is scenario, th e Skoadduvarri
Format ion at Alt a was interpreted as fan-delt a deposits from
rivers running alon g th e postul ated rift basin, from a source
of prograding, trough -fill ing , alluv ial fans in th e Caravarri
Formation to the south (Bergh & Torske 1986). A possible
str ike-slip rift origin for th e Caravarri Formation was sug­
gested by Torske & Bergh (1984 a, b) on th e basis of differ­
ences in c1ast types and tentat ive, but elusive, source areas
along st rike.

Recent ly, a rift basin setting fo r the Alt a-Kaut okeino

greenstone belt has been qu estion ed by us because no syn­
sedimentary, rift-marginal , master normal faults have been
demonstrated (see Fig. 2). Instead, th e Caravarri Format ion
has been proposed as a foreland basin depo sit of molasse
type (Torske 1997), preserved in front of remnants of a
Palaeoproterozoic (Svecokarelian) fo ld and th rust belt (e.g.,
Krill 1985) to th e east.

Purpose and methods
of the present study
The pu rpo se of thi s study is to establish a stra ti g raphic
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Format ion,were measured and/o r computed from positions
plot ted on topographic maps and air photos.Thicknesses of
major section s and subsect ions were calculated as the
across-strike horizontal distance of the location plots, multi­
plied by the sine of an average dip angle for inferred local
bedd ing along the sections. As these calculat ions ignored
topographic distort ion, the method gives only approximate
values.

Our study shows that facies characters, changing source
areas, and deposit ional environments of the Caravarri
Format ion are consistent with depos ition in a foreland
basin, most likely fro m erosion of an uplifted fold and thrust
belt to the east. This belt includes th rust un its of the
Kautokeino and Karasjok Greenstone Belts, as well as ero­
sional material from the adjacent gnei ss, migmatite and
granulite com plexes (see Fig. 1; Krill 1985, Marker 1985,
Braathen 1991, Andreassen 1993, Braathen & Davidsen
2000).
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Fig. 4. Generalised st rat ig raphic section of the Geesvarri segment inclu­
ding detailed sedimentolog ical logs of par ts of the units, main facies
associat ion s, sed imentary structures and depositional in terpretat ion s.
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Fig. 3. Generali sed st rat igraphic sect ion of the Njargavarri segment sho ­
wing the main facies associat ions and int erpretati on s.See Fig. 2 for loca­
ti on of the sect ion.

framewo rk for the Caravarri Formation and to determ ine it s
deposit ional environme nt on the basis of facies associa­
tio ns, sediment t ransport direction s, and c1ast provenance.
This is done with a view to determine the tectonic relations
between th is thick,coarseclastic sedimentary uni t and oth er
Palaeop roterozoic units in the northern part of the
Fennoscandian Shield.

No complete sect ion through the Caravarri Formation is
found , due to an extensive Quaternary cover that obscures
vert ical and lateral continu ity of the strata. However, a
strat igraphy has been established on th e basis of separate,
spot, or cont inuous observati ons of more or less isolated
outc rops. Lithofacies bound aries and transit ions are com­
monly hidden, which hampers the detailed analysis of
genet ically related facies associati ons. The uncertain and
ambiguo us associative aspect of the rock successions
affected our field methods, and the present study is the re­
fore of a reconnaisance character.

Stratigraphic levels and interval s above the formational
datum line, i.e., the western, lower bound ary of the Caravarri
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General stratigraphy and
fades interpretations
The Caravarri Format ion constitutes a c.4000 m-thi ck assem­
blage of siliciclast ic sandstones, pebbl y sandstones, con­
glomerates, quartzites, and some intercalated mudstones
and siltstones (Fig.2).The lower bou ndary ofthe format ion is
defined as th e first occurrence of coarse, pebbly sandstone
to conglomerate conformably overly ing th e argillite- and
slltstone- dominated Bik'kacak'ka Formation.This boundary
marks the formational datum line and is, tog ether with the
basal unit 1, used for correlation of th e reconnaissance sec­
t ions (Fig.2).Along strike, the Caravarri Format ion issplit into
three main segments by distinct t ransverse passes, possibly
concealing faults (Fig. 2). Separate stratigra phic sections
were established fo r the three main segments, Njar'gavarri,
Geesvarr i and Caravarri (Figs.3,4 and 5). lndividual units char­
acteri st ic of th e separate secti ons of the formation have

been designated by capital letters ('N' for Njargavarri, 'G' for
Gzesvarri, and 'C' for the Caravarri section ), and numbered
successively. Add itional detai led logs are shown for the
Gzesvarri sect ion (Fig. 4). For the Caravarri sect ion, facies
associat ions are described and int erp reted from between
calculated, met ric-scale,stratigraphic levels.

The c.400 m-thick basal unit 1,which contains conglom­
erates with distinct felsic porphyritic clasts, is the only strati­
graphic unit that can be correlated along the three seg­
ments (Fig. 6). Most other units appear to be confined to
each of the separate secti ons, w ith the exception of unit N-2
in the Njargavarri section which extends nearly 4 km north­
ward into th e neighbouring Geesvarri segment, and th e
units G-2,G-3 and C2 (Fig.6).The description of facies associ­
at ions below starts wi th th e und erlying Bik'kacak'ka
Formation, since th e contact is inferred to be sedimentary,
then follo ws th e unit 1 conglomerate, and finally, the three
main sections of the Caravarri Format ion itself.

Fig. 5. Generalised strat igraphic sect ion of th e Caravarri segment, wi t h
main facies associat ions,sedimentary str uct ures and deposit ional inter­
pretati ons.

Alluvial ceposits

Fluvial trunk-river deposits

Blk'kacak'ka Formation
The very low to low-grade metamorphic Bik'kacakka
Formation (defined formally by Siedlecka et al. 1985) is c.
1000 to 1500 m thick and composed most ly of dark grey,
laminated mudsto nes with thin intercalations of grey and
green siltstone and sandsto ne. Near the upper boundary,
Bik'kacak'ka sandstones have desiccation cracks and sym­
met rical and transverse ripple marks indicating deposition
in shallow water, wi th instances of emergence. The lower
boun dary of the form at ion is not observed in the study area
but has been described as transi tional, locally interdigitating
with metavo lcanic rocks of the Caskejas Formation farther
west (Siedlecka et al. 1985). Its upper boundary is sharp to
t ransit ional towards the Caravarri Format ion (Sied lecka et al.
1985).

Caravarri Formation: Unit 1
Facies associations: This basal unit of th e Caravarri Format ion
is up to 400 m thick, and is traceable in scattered outcrops
along th e who le length of th e forma tio n (Fig.2). lt consists of
coarse-grai ned, light red sandsto nes and grey, pebbly to
cong lomeratic sandsto ne int ervals and beds of polymictic
cong lomerate (Figs. 3- 5). Well rounded granules and peb ­
bles, averaging five cent imetres in diameter (Fig. 7), of red­
coloured felsic porphyries form a disti nctive type of clast.
Simil ar porphyries have not been reported from other
Precamb rian suprac rustal rocks in Finnmark. Anoth er c1ast
type in th e unit 1 congl om erate th at distinguishes it from
oth er Caravarri Formation subunits is that of pebbles of vein
quartz. Othe r clast types includ e microcline, plagioclase,
lit hic sandstone, quart zite, chert, metabasalt, silici fied
metabasalt, quartz-feldspar po rphyry, vit roclastic felds­
pathic tuff and aphyric felsite, and th ere are also mudflake
c1a sts and rare pebbles of red-oxidised grani te.

The conglomerat ic characte r decreases upward, through
pebbl y sandstones and into pale reddish-grey, coarse- to
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medium-grained sandsto ne (Figs. 3 and 5). In outcrop, the
sandston e facies types are most ly stru ctureless, whi le the
conglom eratic types are disorganised to crudely stratified
(Fig.7). As current-i ndu ced sedimentary st ructures were not
found, no tran sport direc tions or provena nce could be esti­
mated. Only one outcrop locality (Fig. 7) in the nort hern,
Caravarri segment was found to yield informa tion about the
local mode of deposition. It shows an inversely graded con­
glomerate bed, about 10 cm th ick, with c1asts protrud ing
into overlying massive and structureless sandston e. This
conglomerate bed is underlain by a 5 cm-thick, coarse­
grained sandsto ne, beneath which there is another, crudely
bedded and inversely graded conglomerate.

Facies interpretation: The cong lomerate rocks of unit 1
are interpreted as debr is-flow deposit s, wi th the associated
sandstones representing sandy debris-flow deposits (cf.

Shanmugam 1996). The generally structureless and disor­
ganised appearance throughout most of the unit would
ind icate sediment gravity -flow deposit ion as the prevalent
sedimentation mechan ism. A subaquatic environment of
deposi tion seems most likely for th is extensive, th ick unit .
The provenance of the cong lomerates, however, is
unknown.

Fig. 7. Polymict conglomerate of unit 1 at
Njargavarri. The conglo merate is inversely
graded and includes well-rounded quartz
and porphyrit ic pebbles protruding into
overlying, massive sandstone, interpreted
asa deb ris-flow depo sit.
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The Njargavarri section
Faciesassociat ions:This sect ion is compi led fro m outcrops in
the corresponding segment, w it h add itional info rmation
from th e adjoin ing hills Guivevarri and Lulli l.ik'ca (Fig. 2).
Above the un it 1 conglomerates (Fig. 3), unit N-2 follows

conformably; it comprises a dark grey, t hinly bedded, fin e­
grained and flaggy mudstone succession in its lower part ,
and a greywacke sandstone succession in th e upper part ,
w it h a total thickness of abou t 850 m. Individual mudstone
laminae of the lower succession are com monly graded, and
sandsto ne beds show loading into subjacent mudstone lay­
ers. The unit extends northward c. 4 km into the Geesvarri
section, where it wedges out. Higher up in the section , uni t
N-2 appea rs to be tectonically imbricated or partial ly
excised by a bedding-parallel th rust. To th e east of th is fault,

greywacke-like pebbly sandstones with thin conglomerate
beds predominate. The latter may form single one-pebble

layers or conglom erate beds up to 1 m thick in sandstone,as

Fig.8.a) Cong lomerate of unit N-3 (Njargavarri segment ), in part crudely
bedded (parallel to hammer shaft ) and wi th inverse grading.A possib le
single depo sitio nal un it is marked. Strat igr aphic way up is to th e right.
View is toward NNW.b) Massive conglomerate of un it N-3. Note outsize
do losto ne boulder,90 cm long (tan-coloured) in boulder cluster of smal­
ler, subangular qu art zit e c1asts. View is towa rd NNW and st rat ig raphic
way up is to th e right.
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well as coarsening-upward beds with c1asts increasing in
size from 3 to 6 cm in dia meter. Some of the conglomerate
beds have a carbonate-rich matrix.

The Guivevarri and Lulli l.ik'ea sub-segments, next to the
bou nding thrust zone (Fig.2),comprise a narrow belt of dark
grey sandstones with inte rcalated thin beds of conglomer­

ate with dolostone c1a sts th at may cor respond to unit N-2 at
Njargava rri.

Unit N-3 is up to 350 m thick and composed enti rely of
conglomerates. Part of its lower boundary is erosiona l,
apparently cutting c. 70 m downward into th e unde rlying
unit, N-2 (Fig. 3).The conglomerates are po lymictic and dis­

organ ised to crudely stratified, w it h poor sorti ng and mostly
subrounded to subangular clasts.The matrix, mostly of lithic
wacke, consists of grey silty sandstone and, locally, carbon ­
ate-cemented quartz wacke and chlorite schist. Crudely
bedded intervals may show normal as well as inverse grad ­
ing of clasts (Fig.8a).Disorganised conglomerates have scat­
tered c1asts ori ented vertically relative to the crude stratifica­
tion.The predominan t c1ast material is quar tzite, and subor­
dinate greenstone.ln higher stratigraphic parts of un it N-3,
conglomerates also have conspicuous clasts of fine -grai ned,
brown do lostone.Oth erwise, conglomerate c1asts in unit N-3
range in size from granules to boulders, w ith examples of
dolostone reaching 90 cm in their longest di mension (Fig.
8b). Quartzite and do lostone represen t the largest c1ast
types. Carbonate c1asts show by far t he greatest size varia­
tion. Fragm ent s of th e underlying and adjace nt , fin e­
grained, grey sandstone of N-2 type are also found.One sin­
gle, bedded sandstone slab, about 1.5 m in length, is incor­
porated as an exoti c c1ast (Fig.9).

In terpretations: As the boundary between unit N-2 and
the overlying conglomerate deposits of uni t N-3 mo stly is
confo rmable, although locally erosive, our facies interpreta­
tion is that these highly contra sting subunits were
deposited without interruption, and within closely related
deposit ional regimes . The most abundant facies associa­
tions of unit N-2 are uniform, thin ly bedded to lami nated
and normally graded sandston es and mudstones; t hey are
here interpreted as submarine,dista l turbidites (cf. Hampton
1972, Walker 1992). The pebbly character of greywackes in
the upper half of unit N-2 probably represents a more pro xi­
mal turbidite facies.

The overlying, massive conglomerates of unit N-3 are
inte rpre ted as cohesive to non-cohesive debris-fl ow
deposits.This concentration of stacked, largely disorgan ised
conglomerates of limited wi dth (2 km preserved along
st rike) indicates that t hey may have been deposited withi n a
near-sho re constr ict ional channel or a submari ne canyon
(see Nemec 1990, Reading & Richards 1994). By compari son,
t he more regu lar, thin conglomerate beds and greywacke
sandstones of unit N-2 may represent sediment gravit y-flow
material w hich had emerged fro m the canyo n and been
deposi ted on an unconstricted slope or fan.

Furth ermore, the par t ly erosive basal surface of unit N-3,
and inverse grading lowermost in the conglomerate, sug­
gest th at debr is flows may have occupied a channel eroded
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Fig. 9. Crud ely bedded dol ostone conglom erate bed of unit N-3
(Njargavarri segment) w ith exot ic. short-distance transported sand­
stone slide. abou t 1.5 m long . Note primary shear fabr ic (arrow) and
apparent drag st ructure in the underlying conglomerate. Strat ig raphic
way up is to the righ t.

earlier, pro bably by turbu lent flows.The non-erosive charac­
ter of thi s boundary in other parts of its course would be
consistent with laminar flow of the debri s.The occurrence of
local strati fication indicates that the gravel flows may have
been variably liquefied and sporadically turbu lent .

The character of the N-3 conglomerates allows an
assessment to be made of c1a st provenance and local sedi­
ment transport. The labile, carbonate fragments were most
likely eroded from sources considerably closer to the sedi­
mentary basin than were the quartzite clasts.They may have
been derived from a local carbon ate shelf, whe re some of
the largest dol om ite boul ders, present at the southern end
of the conglomerate (Fig. Bb), may have been incompletely
Iit hified duri ng the ir redepo sition.A rapid, northward reduc­
t ion in c1ast size and local t ransit ion from conglomerate to
pebbly sandstones wi thin the inferred same strat igraphic
level (unit N-3), are suggestive of a local southe rly source
area for the carbona te c1asts. Thus, the largest dolostone
clasts may have been supplied to passing debr is-flows by
breaking off the walls of E-W-tr endin g channels or canyons.
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A similarly close provenance is inferred for the slide of car­
bonate pebble conglomerate-bearing sandstone wi th
shear-induced cleavage along the sole, and with drag along
the contact of the underl ying cong lomerate (Fig.9).

The GCEsvarri section
Facies associations : The lowermost exposed part of the
Geesvarri segment (Fig.4) starts wi th about 400 m of red and
grey, disorganised conglomerates and pebbly to conglom­
eratic sandstones of unit 1.The conglomeratic character of
this unit decreases upward, end ing with an uppermost part
of pale grey and red, medium-grained sandstone. Strati­
graphic equivalents to un its N-2 and N-3 of the Njargavarri
sect ion are absent in the Gcesvarri section, as th ese units
likely pinch out northward (Fig. 6).

Unit G-2 is approximate ly 300 m thick in the area east of
uni t 1; to the south of the section , it overl ies unit N-2 (Figs.2
and 6). Characterist ic facies associations in un it G-2 are
shown in separate sedimentolog ical logs for its lowe r and
upper parts (Fig. 4). In the lower part of unit G-2, there is a
recurrent pattern of medium-grained sandstones wi th beds
of planar lamination, including heavy-minera l laminae of
hematite and structu reless pebbly sandstones , coarsening
upwa rd wi th in 2 to 10 m-thick cycles (Fig. 4). These cycles
star t with fine-grained, massive to laminated sandstones at
th e base, grad ing into pebbly sandstone at the top. Within
th e middle part of unit G-2, the fine-grained parts are lack­
ing, leaving a monotonous succession of amalgamated,
struc tureless, pebbly sandstones higher up.The most com­
mon clast types are rounde d quartzite in the lowe r part , and
shale and argill ite in the midd le part . Angu lar mudstone
flakes may be up to 25 cm in length. Locally, diffuse stratifi­
catio n is perceptible through variat ions in clast content.

In the upper c. 50 m of un it G-2, the pebb ly sandstones
are interrupted by 1 to 2 m-th ick intercalations of planar
cross-bedded, carbona te-r ich, pebbly sandstone s wi th mud
clasts, and homogeneous, dark grey, faint ly laminated silt ­
stones and coarsening-upward, graded sandsto nes. Coarse
to pebbly sandstone occur at the top, at the c. 700 m strat i­
graphic level. The latter rock has a number of irregular to
lens-shaped, patchily distributed zones of coarse-grained
carbonate, enclosing grains of the sandstone framework.
The carbonate was ident ified in th in-section as secondary,
poikilotopic (Friedman 1965) calcite cement.

After a covered interval of twenty met res, unit G-3 fol ­
lows (Fig. 4). It is c. 50 m th ick and made up of po lymict ic
conglomerates. From the base upwards follows a succession
of conglomerate beds, 1 to 7 m th ick.Conspicuous c1asts are
quartzi te, do lostone, greenstone and red jasper (Fig. 10).
With the exception of the do lostone pebbles , these c1ast
types are minera logically mo re mature than simi lar c1ast
types in th e Njargavarri segment (where jasper clasts are
unknown). Proport ion variat ions among the G-3 clast typ es
indicate the existence of two to five metres thick subunits
wi th in some of the cong lomera te beds. Some of the con­
glomerates are mat rix-supported (Fig. 10b). Less conspicu­
ous, smaller c1asts, identified in th in-section, include: silty
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Fig. 10.Diverse conglomerate facies of unit G-3 of the Geesvarri segment
viewed toward the SSE: a) Disorganised, po lymict debris- flow cong lo­
merate, with subangular to rounded c1asts of green ston e, diverse varie­
tie s of red jasper, and scattere d c1asts of carbonate. At it s base (low er
half) , th e cong lom erate c1asts penetra te into the underlying fine sand­
stone, probably by load ing . b) Structurel ess, matrix-supported debri s­
flo w conglomerate. cl Congl omerate composed of c1asts of quartzite,
red jasper,green stone and sandstone.Note the bed of medi um-grained
sandstone with erosional base.Strat igraphic way up is to th e left.

carbonate, fine-grained granoblastic quar tzite with dust­
sized carbonate inclusions,vein-quartz aggregates, metasilt­
stone, tourmaline-rich carbonate sandstone, subarkose,
recrystallised jasper with remnants of colloform hematite
and quartz intergrowths, fine-gra ined carbonate-cemented
metasandstone,carbon ate c1aystone, leucogabbro and mar­
ble.The lower conglomerate contact is irregular and charac-
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terised by loading of nearly vertic al clasts into und erlying ,
fine- to medium -grained sandstone. Some conglomerate
beds are ind ividually separated by up to 0.5 m-thick inter­
vals and lenses of medium-grained sandstones with ero­
sional bases (Fig. 1Oc). One of th e conglomerates is capped
by a 10 cm-thick grad ed, pebbly sandsto ne to mud stone
deposit, with wave ripples on its upper surface (Fig. 11 ).
Overlying th is is 20 m of medium-grained, rippled sandstone
and a peb bly to cong lomeratic sandstone with dolo stone
c1asts near the top.

Unit G-4 is 110 m thick, and made up of variously cross­
bedded and thin-laminated, red and grey sandsto nes (levels
810 to 920 m).Medium-grained, feldspathic sandsto nes with
large-scale, trough cross-stratification predominate in the
lower,c. 20 m.This succession is capped by upward-coarsen­
ing, medium- to coarse-grained sandstone sheets wi th inter­
nal, planar and rippled laminations. A number of similar,
recurrent fine-grained sandstone sheets occur in the middle
part .The upp er c. 30 m of unit G-4 consists of interbedded, 1­
2 m-th ick, coarse- and fine-grained, plane-laminated sand­
stones and grey mud stones,and red-coloured,sheeted peb­
bly sandstones at the top (to level 920 m).

Unit G-5 is the upp ermo st stra t igraphic interval studied
(from level 1170 m to 1270 m) in the Geesvarri segment (Fig.
4).This unit, and the remaining part of the secti on (above
1270 m), largely consists of recrystallised, red and grey,
rather nond escript quartzite. Unit G-5 starts wi th individual
sandstone deposits that coarsen upward from fine-grained
to pebbly sandstone within sets up to 5 m thick,wi th erosive
bases. Above these, the pebbly sandsto nes contain large­
scale trough cross-beds, wi th trou gh s up to 4 m wide and
0.75 m deep. The next c. 20 m include repeated, 1 to 5 m­
th ick, massive to trough cross-bedded sandstones, many
with internal upward coarsening. At thi s level, the sand­
stones are separated by distinctiv e, conformab le, red mud­
stones « 0.5 m thick). A 30 m-thick package of dom inantl y
trough cross-bedded, coarse-grained sandsto nes, with
troughs up to 10 m wide and 2 m deep, overlies the mud­
stone-sandstone int ervals.The upp er 20 m of unit G-5 con­
sists of massive, pebbly sandstone, wi th scattered quar tzite
and mudstone c1asts.

Interpretat ions:The lowermost part of uni t G-2 represents
an upward-coarsening succession, in which the laminated
and planar-bedded facies record upp er flow regime condi­
tions and the pebbly sandstones form ed by depositi on fro m
sediment gravity flo ws (e.g., Hampton 1972). We interpret ,
tentatively, the sandstone,with its heavy-mineral laminae,as
a foreshore sediment with beach lamin ation (cf. Elliot 1978).
The upward-coarsening , pebbly sandstones overlying th e
beach deposits may consist of redepo sited material fro m
alluvial fan lobes along steep coast lines that have migrated
above beach sediments (cf. Nemec & Postma 1993). Massive
pebb ly sandstone, transported as mass gravity flows, proba­
bly inherit ed a restrict ed c1ast size distribution, mostly 2 to 3
cm, from the source deposit, perhaps an older, elevated
beach.

In the middle and upp er parts of uni t G-2, debr is flows
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Fig. 11.l ndividual conglomerate bed of unit G-3 (Geesvarri segm ent) vie­
wed toward the SSE: a) Crudel y bedded debris-flo w conglom erat e, c. 2
m th ick, wi th lower half (to th e righ t) rich in angu lar, bro wn, recessively
weat hered, carbonate c1asts.The upp er half (above hammer) lacks car­
bonate c1asts, but conta ins scattered, rounded, larger siliciclast ic c1asts.
At th e top, the cong lomerate is capped by a c. 10 cm- thick turbid ite
deposit that shows grading fro m sandstone to rippled mudston e. b)
View of th e upper surface of the tu rbid ite deposit of figure 11a, showing
rippled mudstone.

were predominant, with depos it ion of thick , massive and
structu reless,pebbly sandstones.Here, the presence of large,
angula r, argilli tic c1asts suggests erosion and resedimenta ­
tion after equally short t ransport of the alluvial fans as envi­
sioned above. In addi tion, angular argillite slabs up to 25 cm
in length wo uld ind icate th at these source beds were partly
lithi fied at this ti me. Carbonate-rich, planar cross-bedded
sandston es and th e dark siltstone bed represent new rock
types in th e unit; t hey may indica te that the foreshore or
beach sandsto ne below may have intro duced a shallow­
marine, lit toral depositio nal regime (cf. Mueller & Dimroth
1987).

Unit G-3 is dom inated by conglomerates with some rip­
pled sandston e intervals. The irregular, loaded, lower con­
glomerate contact may be an indicatio n of rapid deposition,
perhaps asa result of aquaplaning of the debris flow down a
steep gradient (cf. Postma et al. 1988, Falk & Dorsey 1998).
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The capp ing, th in, turbid ite bed wi th a veneer of rippled
mudstone at the top (Fig. 11b) is interpreted as formed by a
turbidity current entrained from the faster-flowing debris
flow below it .

The red and grey-co loured, trough cross-bedded sand­
stones in the lower part of un it G-4 may represent alluvial
deposits (as described by Miall 1992), marking a change
from the marine, near-shore deposit iona l regime of the
underlying unit G-3.The overlying, repeated successions of
planar- and ripple-laminated , fine-gra ined sandstones may
then represent fluvial or flood plain depos its.

Unit G-5 reveals that the constellat ions of red and grey,
recurren tly upward-coarsening pebb ly sandston es w ith
intervening mudstones, and large-scale trough cross-bed­
ded sandstone s appear consistent wi th an alluv ial setting.
The troug h cross-bedd ing may then represent in-channel
bedforms, but the largest ones are probably better
explained as deep, braid-chan nel, confluence scours (cf.
Siegenthaler & Huggenberger 1993).The mudstones could
be overban k or floodp lain depos it s.The upper part of unit G­
5 reflect s sedimentation of successively coarser grained,
hyperconcentrated flow to debris -flow deposits.

The Caravarri section
The stratigraphic column of the Caravarri segment (Fig. 5) is
not a complete,exposed secti on but forms a reconnaissance
traverse across the lower c. 3000 m of the about 4000 m­
thic k segment. The upper, c. 1000 m of it has been more or
lesspervasively recrystallised to quartz ite in the proximity of
the eastern, fault boundary of th e Caravarri Format ion (Fig.
2). As these recrystallised rocks were largely covered and
pro vided little stratigraph ic and sedimentol ogical informa­
t ion, th ey were identi fied but not stud ied more closely.

The low ermost 350 m of the secti on (unit 1) is made up
of pebbl y sandstones and porphyritic cong lomerates.Above
unit 1 follows a thick, monotonous succession of fine­
grained sandstones,wi th local small-scale cross-laminat ions,
and dark grey, laminated mudstones (unit C-2, levels 350­
800 m).

Interpre ta tion: The strat igrap hic posit ion of these fine­
grained sediments (unit C-2) corresponds to that of unit N-2

in the Njargavarri section, and probably also to parts of unit
G-2,and they may be interpreted simi larly,as near-shore tur­
bidites or fan deltas prograd ing into a deeper-water basin
(Figs.3 and 4).

Unit C-3 (st rat igraphic succession bet ween levels 800 m
and 1000 m) coarsens upward fro m massive siltstone and
fine sandstone wi th mudclasts and clastic mica grains, to
reddish-grey, medium- to coarse-grained, slightly pebbly
sandstone,wi th tabul ar and planar cross-bedd ing.

Interpretatio n: Mudclasts occur wi thin massive and struc­
tu reless sandstones, which may be interpreted as prograd­
ing, fluvial, sandy deb ris-flow depos its.

Unit C-4 (betw een levels 1000 m and 1450 m) comprises
pebbly sandstones and light grey to white, med ium - to
coarse-grained, non-pebbly sandstones. The pebbly sand-
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Fig. 12.a) Large-scale tr ough cross-bedding in pebbly sandstone of unit
(4 (Caravarri segment). View is toward the SE. b) Longitudinal cross­
bedding in trun k-river sandstone of unit ( -4 (between dashed lines).
probably represent ing poin t bar deposits of a meanderi ng river.Person
ringed for scale. The cross-bedded sandstone is overlain by beds of
mud stone and fine sandsto ne.View is toward the east. c) Parallel-lami­
nated (horizontal). pale grey mudstone and bedded fine sandstone of
unit ( -6 int erpreted as flood plain depo sit associated with trunk-river
sandstones.

stones show large-scale trough cross-bedding (Fig. 12a),
with trough axes indicating deposition towards the west;
i.e., transverse to the general strike of th e Caravarri
Formation. Withi n thi s c. 400 m-thick succession, at least
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three distinct, pale grey-coloured and cross-bedded, non­
pebbly sandstone intervals were identi fied.With thic knesses
of approximately 50 metres each, the y are separated by
trough cross-bedded sandstone intervals of similar th ick­
ness (Fig. 5).The non-pebbly sandstone units show parallel
bedding and tabular, planar cross-bedd ing. One typ ical uni t
star ts with tabul ar, 5-20 cm-th ick sets of planar cross-beds
making up a c. 3 m-thick coset of medium-grained sand­
stone. This is follo wed by 3.5 m of fine-grained sandstone
with subhorizontal beds, and then by 10 m of sandstone
wi th a number of shale lenses, 0.2 m th ick and 1.5 m long.
The uppermost part represents massive sandstone that con­
tains thin bedsand lenses of mud stone.Mudstone c1asts are,
however, far less common here than in othe r sandsto ne
types of the Caravarri Form ation. About 2 km farth er north,
along strike, we recogni sed longitudinal cross-bedd ing
inclined toward the north and occurring in sets 1.5 and 2 m
thick in a similar type of sandstone (Fig. 12b). Faint, smaller
scale,sedimentary st ructures have been nearly wiped out by
recrystalli sation in the quartz rich sandstone.

Interpretation : The pebbly sandstones with large-scale
trough cross-beds of unit C-4 can be interpreted as braided
alluvial fan deposits.The pale grey, plane-tabular,cross- bed­
ded sandstones most likely reflect trunk-river depo sits in
front of transverse alluvial fan deposits (cf.Mial l 1992). From
the ob served fad es relation s, at least th ree trunk-river inter­
vals, separated by possible alluvial fan toes invading the
trun k-river system from the east,exist in this part of the sec­
tion. The long itudinal cross-bedded sandstone may then
represent fluvial intercalations in the fo rm of laterall y
accreted point-bar deposits in a sinuou s, perhaps meander­
ing, river (cf.Sweet 1988).

Unit C-5 (between levels 1450 and 1500 m) contains
beds of red-brown, structureless, pebbly to cobbly sand­
stone and disorgani sed, matrix-suppo rted conglomerate
with subrounded to rounded clasts exposed over a thic k­
nessof at least 25 m.ln some interv als,cm-th ick, red siltstone
to very fine sandstone beds subdivide these conglomerates
into a number of depo sitional units .

Interpretation: These rocks are int erpreted as a series of
debri s flows on the basis of th eir disorganised natur e, lack of
sort ing, and the presence of vert ically positio ned cobbles
and boulders. The red-brown coloration and the red col­
oration of intercalated fine deposits dist inguish th is particu ­
lar debris -flow deposit from the majority of mass-flow con­
glomerates elsewhere in the Caravarri segment, and suggest
a subaerial environment of deposition.

Units C-6 and C-7: Betw een levels 1500 and 1615 m (uni t
C-6) there is a succession of parallel-bedded and laminated,
pale grey and greenish -grey mud stones and argillites, w ith
thin interbeds of fine-grain ed quartz, feldspar and mica­
bearing sandstones (Fig. 12c).The fine st types have millim e­
tre-thin laminae, grading varve-like fro m silt to clay.
Conformably overlying the C-6 argillites is a succession of
medium- to coarse-grained , pale grey sandstones with
large-scale planar cross-beds that occur in tabula r sets (uni t
C-7: levels 1615 to 1740 m). Parallel-stratifi ed, fine-grained
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sandstone beds and lenses of argillite are present at several
int ervals.

Interpretation: The pale-grey colour of the argillites in
unit (-6 distin gui shes them from the dark bluish-grey
colours of other argilli tes, of inferred marine origin, else­
where in the Caravarri Format ion; the pale colour may sug­
gest deposit ion under freshwater condit ions. The finely ­
graded silt and clay lamina t ion and lack of current-induced
structures indicate deposit ion by verti cal accretion in stag­
nant water, possibly in a floodplain and/or fluvial overbank
environment (see Wright & Marrio tt 1993, Senderholm &
Tirsgaard 1998).The sandsto nes of unit C-7 are inte rpret ed
as fluvial t runk-river deposits similar to those between levels
1000 and 1400 metres.The association of fluvial, cross-bed­
ded sandstones with fine suspension, argillitic deposits may
indicate sedimentat ion in a mixed-load,channellised, leveed
and probably perennial, river system wi th cohesive and well­
defined banks, accompa nied by a floodplain fed by over­
bank fines from the possibly meandering river (cf. Sweet
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1988). The scarcity of mudflake s in these sandstones may
indicate deposit ion in a perenn ial stream without pervasive
reworking; th e shale lenses, on the other hand, could possi­

bly reflect deposit ion in abandoned channels.These associa­
t ions, taken together, would be non -typical for coarse bed­
load, braided rivers, as envisaged for the tro ugh cross-bed­
ded, pebb ly to gravelly sandston es making up most of the
Caravarri section. The associations of alternatin g fluvial
sandstones and inferred flood plain depos its are consistent
with a river course migrat ing back and forth across a flood­
plain and build ing a mult istorey sandstone architecture (cf.
Mart in & Turner 1998); wi th units C-4, -6, and -7 const itut ing
one facies association, punctuated by the transverse debris­
flow deposit of uni t C-5 (Fig.5).

Units (-8 and ( -9: The upper and major part of the
Caravarri section between levels 1740 and 2500 m star ts
wi th massive sandstones (C-8) that coarsen upwards into
recurrent redd ish-grey to yellowi sh-grey, pebbly sand­
stones and cong lom erates (C-9) with well-rounded, nearly

Fig. 13. Exampl es of facies types of unit C-9 in the Caravarri segment: a) Massive pebb ly sandstone with pronounced, nearly spherical roun ding of
quartzite and chert c1asts. Strat igraphic way up is to the left . b) Mega-Iens of massive, pebbly to conglomeratic sandstone (above) that truncates
medium -grained sandstones with large-scale channel scours (below).View is toward the north . c) Close-up view of a single, parallel-laminated sand­
stone bed (below hamm er head to the right) and an overlying pebbly sandstone unit wi th erosive base.View is toward the NNW.d) Giant channel in
medium -grained sandstone.View is toward the SSE.
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spherical qu artzite and jasper pebbles (Fig. 13a).Some of the
lowermost C-9conglomerates seem to be laterally extensive
and can be traced for a few kilometres along strike. Farther
up in the secti on, better exposed cong lomerates can be eas­
ily deli mited individually as lens-shaped units, up to a hun ­
dred metre s in length, interbedd ed with, and sometimes
trunca ti ng, medium- to coarse-grained sandstones with
large-scale channel scours (Figs. 13b,c). Up to level 2350 m,
erosionally based congl omerate lenses,as well as large-scale
channel scours and a few trough cross-beds in th e sand­
sto nes,a re recurrent. Some conspicuous scours exceed 40 m
in wi dth and up to 8 m in depth (Fig. 13d). More commonly,
channel scours are between 7 and 12 m wide and may have
thin lag cong lom erates along parts of th eir bottom surfaces.
Pebbles and cobbles are generally well rounded and consi st
of quartzite, jasper,and chert .

Interpretation:The high mineralogic al and textu ral matu­

rity of th e clasts contrasts wi t h tha t of the host rock sand­
ston es, w hich are mostl y feldspar-bearing to feld spathic.

This indicates that th e c1asts may record a significantly
longer, polycyclic sedimentary history than the host sand­
stoneswith which they are intermi xed.This upper part of the
Caravarri section is, in combination, interp reted as alluvial
fan or slope deposits, intercalated with braided sandy
debris-flow deposits (cf. Nemec & Postman 1993).The char­
acteri stic lens-shaped conglomerate bod ies may represent
gravelly braid bar depos its. Large-scale channel scours may
form in a number of ways, and are difficult to interpret in
deta il from the Caravarri outcrops.Some of the troug h cross­
beds ob served may be remnants of in-channel bedforms.
The larger channel scour str uctures, however, are better
explained as confluence scours and fills that formed byero­
sion from channels establishing th emselves on an alluvia l
fan or alluvial plain (cf. Bristow & Best 1993, Siegenthaler &
Huggenberger 1993). Because they occupied the lowest
topographic levels wi thin th e braid system, th ese deep
scours had a high preservation potential; they wer e not as
easily erod ed,as were the shallower parts of the stream bed.
Braided river mo rphology, however, has not been directly
proven, but t he coarse and pebbly sand to grave l type of
sedim ent, and general lack of fining-upward gra in sizes in
the beds would seem to indicate braiding.

Unit C-l0 (between levels 2500 and 3000 m) makes up
the remaining part of th e stud ied Caravarri section . It
includes large-scale, dune-like cross-bedded, pebbly sand­
sto nes frequently interlayered wit h thinly lam inated and rip ­
ple-lam inat ed sandstones with characterist ic bimodally
sorted laminae of coarse, well-rounded qu artz grains, alter­
nating wit h laminae with subrounded feldspa r grains
(Fig.14).

Interpretation: In isolation, the characterist ic laminae and
textures of th ese sandsto nes are interpreted as subcr it ically
tran slatent, climbing wind ripple lamination (cf. Glennie
1970, Hunter 1977). These structures are common w ithin a
thickness of several hun dred metre s and are indicative of
recurrent aeolian reworking of the sand du ring deposition.
Bimodally sorted lamin ae typical of aeolian rewo rking (e.g.,
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Fig. 14. Hand specimen of lamin ated, medium- to coarse-grained sand­
stone of unit C-1O (Caravarti segment). Bimoda l textur e and well-rou n­
ded quartz grains ind icate an aeolian orig in.

Schenk 1983) were recogn ised among th e sampled material
only afte r the end of th e field work. Some samples include
poorly exposed, po ssible aeolian cross-bedd ing.

Strat igraphically above level 3000 m of th e Caravarri sec­
tion , recrystallisation appears to have been pervasive, and
the resulting quart zitic rocks were difficult or impossibl e to
decipher, and th erefore not included in the column (Fig.5).

Depositional setting of the Caravarri
Formation: a summary
The base of the Caravarri Formation is here defined as the
lower, western boundary of the porphyritic conglomerates
(uni t 7), which is tr ansitional to wards the underlyi ng
Bik'kacak 'ka Formation mudstones. Unit 1 is the most exten ­

sive,coarsely clastic and most easily identif iable rock unit in
the lower part of the Caravarri st rati graphy,and the onl y unit
that can be correlated in all secti ons (Fig.6).

The unit 7conglomerate consti tutes an exoti c par t of the
lower Caravarri sed imentary succession. Its deposition inte r­
rupted the steady accumulation of shallow-wat er mudston e
and arg illite in th e und erlying strat igraphic succession.

During or after deposition of unit 7, subsidence deep­
ened the basin and affected the depositional regime, as
compared to the shallow-water sedimentati on in the upper
parts of the Bik'kacak 'ka Formation . Above unit 7, in the
Njargavarri segm ent of the basin (Fig.6), dark grey, prob ably
marin e mudstones and shales (low er part of unit N-2) were
deposited as distal type turbidites. Unit N-2 coarsens
upwa rd, and has th in conglomerate beds in its upper part ,
indicati ng deposition as pro ximal turbidites.The upper part ,
unit N-3, of the Njargavarri segment, records pro xim al
debris-flows in shallow-marine channels or canyons; thus
the Njargavarri sediments, including th e probably subaque-
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ous unit 1 conglomerate,are marine over a thickness of 1470
metres (Fig.6).

In the Geesvarri segment, unit G-2, overlying unit 7, con­
tains heavy-mineral bedded and laminated intervals and
carbonates in otherwise massive sandstones; they may rep­
resent beach lamination formed in a near-shore environ­
ment. Unit G-3 has polymict conglomerate beds deposited
on a loaded fine substratum, attesting to deposition from
sediment gravity flows in stagnant water, in a shallow­
marine environment. The upp er unit s G-4 and G-5, charac­
terised by red and grey, trough cross-bedded sandstone s,
wi th a number of thin, red- coloured, oxidised mudstones,
reflect a marked change to largely terrest rial, fluvial and allu­
vial depositional condit ions.The surface above unit G-3 (and
also above unit C-2of the Caravarri segment; Fig.6) may then
be a sequence boundary of potential regional importance
(cf. Posamentier & Alien 1993). This further indicates about
360 m of shallow-marine sediments, followed by a c.460 m
thicknes s of terrestrial sandstones in the Geesvarri section ,
separated by a sequence boundary.

In the Caravarri segment, the interval from 3S0 m to
about the 800 m level (unit C-2) is characterised by dark, fine­
grained sandstones, interpreted as marine , near-shore tur­
bidite and fan delta deposits, that may be correlatable with
units G-2through G-3of the Geesvarri segment. Separated by
a possible sequence boundary, the upper c. 2200 m-th ick
pile comprises terrestr ial, coarse-clastic fluvial (braided and
trunk-rivers) and alluvial channel depos it ion, with sus­
pected, conspicuous aeolian sandstones in the highest part
(Fig. 6).

Basin character and c1ast provenance
The three lateral segments of the Caravarri Formation can­
not be ful ly correlated along strike (Fig. 6); they differ
markedly with respect to overall stratigraphy, facies associa­
t ions, c1ast compos ition and maturity of coarse-clastic
depos its, and may thus be considered as individual sedi­
mentary entities separated by transverse faults. However,
the proposed facies interpretations and transport directions
of the individua l entities made above, allow some assess­
ment to be made of overall basin character and sedim ent
provenance .

Firstly, the established stratigraphy of the Caravarri
Formation indicates deposition of a minimum 4000 m th ick­
nessof coarse-clastic sediments in a restricted, N-S-trend ing
basin.The vertical and lateral d isposition offacies and facies
interpretat ions (Fig. 6) further indicate that the Caravarri
basin may have evolved as a shallow-marine shelf or near­
shore depression, locally wi th carbonate platforms in the
south that created repeated massflo w/debris flows and tur­
bidity currents down the submar ine canyons of the basin.
This may have occurred through a restricted, terrestrial, flu­
vial-al luvial slope/plain setting in th e northern part of the
basin, including large progradational alluv ial fans and eolian
deposit ion .

Secondly, sediment tran sport directions for the shallow-
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marine and submarine facies seem uncerta in. However, uni­
form transport direct ions from an easterly source can be
demonstrated for the channe lled trough cross-beds of the
fluvi al and alluvial successions.

Third ly, th ere are distinct diffe rences in compos it ion,
shape, size and maturity of c1asts in the th ree segments .The
south ern segmen t is dom inated by angular, locally derived
carbonate, mudstone, greenstone and siltstone/sandstone
c1a sts, th e central segment contains subangu lar to bette r
round ed quartz, jasper and a few greenstone-dolomite phe­
noclasts, and the nor thern segment is composed entirely of
well-rounded quartzite and jasper phenoclasts.These obser­
vat ions suggest a younger age of clast deposition when
mov ing northwards from segment to segment. According ly,
the old est, least mature c1asts are preserved in the
Njargavarri segment in the south , the Geesvarri segment rep­
resents the intermediate situation, and th e Caravarri seg­
ment in the nor th has the youngest,most evolved c1ast pop­
ulatio n.

Fourth ly, possible source rocks of the detrital clast mate­
rial can be inferred. Most important, the abundant, well­
round ed quartzites may be erosional products of the l.ik'ca,
Masi and Skuvanvarri Formations to the east (Fig. 2):The red­
and grey-coloured jasp erlchert and porphyritic clasts are
believed to be derived from Palaeoproterozoic, porphyrit ic
igneous rocks and banded iron format ions, such as the
Kitt ila Greenston e Complex of north-centr al Finland (see Fig.
16).The angular carbonate, mudstone, greens tone and sand­
stonelsiltstone c1asts, on the othe r hand, may have been
derived from a local source.

Foreland basin model
The Caravarri basin is proposed to have developed in front
of the Svecokarelian th rust belt as a N-S-tren ding foreland
basin (Torske 1997). The main reason is that no master­
bounding normal faults have been recogn ised;all bound ing
fault s appear to be th rust generated. Despite th is fact, the
Caravarri basin still remains structurally cryptic.

Foreland basins are comm only asymmetric and define
linear to arcuate depressions situa ted on cont inental crust
between a contract ional fold and thrust belt and the adja­
cent craton (DeCelles & Giles 1996).They result from down­
ward flexur ing of the lithosphere (Beaumont 1981) possibly
because of dynamic processes related to subduct ion, and
are common ly fil led longitudinally by sediments derived
from the thrust belt (e.g., Eisenbacher et al. 1974, Cant &
Stockmal 1989, Ricci Lucci 1986, Cowan 1993). By similarity,
th e Caravarri sediments were deposited transversely from
an easte rn source within a narrow, N-S-trending , axially
drained depression,while corre lative marine-deltaic and flu­
vial sediments of the Skoadd uvarri Sandstone at Alta farthe r
north (Fig. 1) were deposited from a southerly source (Bergh
& Torske 1986). Together wi th th e not able change in c1ast
maturity of the Caravarri basin from south to north, these
data suggest a drainage pattern known from many idealised
foreland basins (e.g.,Ricci Lucci 1986).
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Thus, th e major facies associat ions of the Caravarri

Formation can be tentatively appl ied to deposition in a fore­
land basin (Fig. 15). Following the deposition of the sub­
aqueous Bik'kacak'ka Formation mudstones , in th e south,
shallow-mari ne cond it ion s prevailed th roughout the depo­
sit ional history,w it h subsidence-induced, relatively high gra­
die nts of shelf topography and instabil ity gener ating fine­
grained tu rb id ite or fan delt a sediments th at spread across
the basin (Fig. 15a).This may be due to th e basin being partly
under fill ed (Burbank et al. 1988, Flemi ngs & Jordan 1989)
receivin g sediments from mo re local sou rces, and resem­
bling a carbonate-inf luenced, turbiditic foreland basin
(Barnolas & Teixel 1994). In the central and northern seg­
men ts, rest ricted shallow-marine and fluv ial floodplain and
trun k-rivers of th e basin were overridden by large,westward
progradat ional alluvial fansand fan deltas reflect ing th e end
stage of coarse-clastic infill ing of th e basin (Fig. 15b), i.e.,an

overfilled foreland basin (Flemings & Jordan 1989, Burbank &
Beck 1991). In this stage of foreland basin evolut ion th e
mature c1asts reflect a more distal source; they were proba­
bly derived from the uplifted thrust belt to th e east.

A fo reland basin model may explain th e ob served verti­
cal and lateral differences in stratigraphy and c1ast composi­
tion as due to changing provenance (local or distal),
depoc ente r character and migration, and/or subsidence of
the basin. For example, c1asts of the lower stratigraphic
sections of th e Gzesvarre and Njargavarre segments may
reflect locally der ived material (e.g., Cas'kejas, l.ik'ca and
Bik'kacak'ka formations), whereas mature quartzite and

jasper c1asts of the Caravarri segment were most likely

a
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derived from a more easterly source, i.e., the uplifted thrust

belt in the east. In addition, the lateral segmentation and
sedimentation patterns of th e Caravarri basin may have
been controlled by th e thrust belt geometry, e.g., th e pres­
ence of t ransverse faults in front of th e thrust belt (Fig. 15b).

On th e oth er hand, and in di sfavour of a foreland model,
most of th e sedimentolo gical featu res ment ioned above can
as well be applied to an extensional basin w hen looked
upon in isolation. For example, rift basins normally start by
being und erfilled (t he marine stag e), passing up to be over­

filled (t he alluvial stage), and th e sedi ments may be trans­
ported both transv ersely and axially (e.g., Gawthorpe &
Leeder 2000).The great range of sedimentary infi ll patterns
of fo reland basins in gen eral (e.g., Einsele 2000) may also
qu estion our model. Finally,a foreland basin th at is underlain
by thick metavolcanic successions (i.e., th e Cas'kejas
Formation ) is rather unu sual, at least in terms of modern

foreland basins. If th ere is a prim ary cont act between the
Caravarri Formati on and und erlyi ng successions, it implies
that the Cas'kejas Formation metabasalts may have formed
in th e same foreland basin. Thus, th e mafic magma t ism of
the Cas'kejas Formation was a precu rsor to clastic sediment
infill ing of the basin, a feature w hich is common in many
Precambrian foreland basins of th e Canadian Shield (see
Hoffman 1987).On the other hand, if th ere is a very large hia­
tus between th e metavolcanics and th e sedimentary succes­
sions, one may con sider th e Cas'kejas greensto nes as a ter­
rane that became accreted to th e Fenno scandi an craton ,
thus forming the cratonic crust below th e Caravarri basin
sediments.

Fig. 15.Generalised block diagrams sum­
marising the tentat ive evolu t ion of th e
Caravarri foreland basin in front of th e
uplifted Svecokarelian th rust belt to th e
east. a) Deposition of shallow-marine
debris flows (unit 1 cong lomerate), shelf
tur bidites and fan-delta sediments (units
N-2, N-3, G-2, G-3 and C-2) in an underfil ­
led foreland basin. b) Deposit ion of flu­
vial floodplain, t runk-river and westwa rd
prog radat ional alluvial fan deposits
(remaining parts of the sect ions) in an
overfi lled foreland basin.Arrows ind icate
local palaeocurrent direction .Note tr ans­
verse fault s that laterally segment th e
basin. Abbreviations are: JGC - Jer'gul
Gneiss Complex, Sv - Skoganvarri For­
mation, Ck - Cas'kejas Format ion, Le ­
l.ik'ca Form ation, Bc - Bik'kacak'ka For­
mat ion.
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Fig. 16. Regional geological map of Finnmark and parts of northe rn
Finland show ing (in black) th e location of Palaeoproterozoic molasse­
type metasedim entary rocks, e.g. the Caravarri Formation and correla­
tive Kumpu and Laino Group s of the Kittila area and 5koaddu varri
Formation near Alta. Map is mod ified from 5iedlecka et al. (1985) and
Korsman et al. (1997). Abbre viations are as follo ws: KGB - Karasjok
Greenstone Belt, KGC - Kitti la Greenstone Compl ex, LLGC - Levajok
Lapland Granulit e Complex,TMC - Tanaelv Mig mati te Complex.

Palaeoproterozoic tectonic relations
of the Caravarri Formation; discus­
sion and tentative conclusions
The interpretat ion of t he Caravarri Format ion as a molasse­
type foreland basin succession places important constraints
on regional tectonics and correlation of Palaeoproterozoic
uni ts in the nor thernmost Fennoscandian Shield. For exam­
ple, a correlation is suggested between the Kautokeino

Greenstone Belt and parts of
th e Kitt ila Greenstone
Complex (Hanski et al. 1997)

of nort hern Fin land (Fig. 16).
This comp lex includes several

lower uni ts of highly
deformed and metamor-
phosed mafic and ult ramafic,
vo lcanogeni c rocks
(Sodankyla, Savukoski and
Kittila Groups), interpreted as
remnants of 2.0 Ga ocean ic
lithosphere (Hanski et al. 1998,
Rastas et al. 2001). They are
unconformably overlain by

the Lainio and Kumpu Groups
which are composed solely of
coarse-clastic, mo lasse-type
sediments with c1a sts dated at
1.9 Ga (Rasanen et al. 1995,
Hanski et al. 1997, 2000,
Lehton en et al. 1998). The
Kumpu Grou p has recently
ben interpreted as a foreland
basin succession depos ited
after the Svecokarelian
obduction, metamorph ism
and uplift of the underlying ,
deformed and metamor­
phos ed lowe r unit s of th e
Kitti la Greenstone Complex.

Regarding th e Finnmark
po rt ion of t he Svecokarelian
provinces, proposed plate­
models also favour such a cor­
relat ion and, besides, yield
importan t t ime-constraints on
the develop mental history of
the Caravarri Format ion rela-
t ive to thrust provinces farther
east (Fig. 16). These models

suggest an early stage of crusta l extension or rift ing (2.1 Ga),
producing variou s mafic volcanic units, e.g., t he Kautoke ino
and Karasjok Greenstone Belts, followed by a subd uct ion
stage (2.0 Ga) with formation of arc-related igneou s and vol ­
caniclast ic un its, e.g., the meta flysch of th e Levajok Granulit e
Comp lex and Tanaelv Migmat ite Complex (Barbey et al.
1980, Krill 1985, Marker 1985, Berth elsen & Marker 1986).
During the fin al cont inent collision bet ween the Karelian
craton and th e arc-relat ed oceanic provin ces (1.9 Ga), the
Levajok granulites, Tanaelv migmat it es and Karasjok
Greenstone Belt we re th rusted to ward the west (Krill 1985,
Andreassen 1993, Braathen & Davidsen 2000). During th is
collision, imbricate, west-vergent th rust ing and orogenic
uplift also affected the Jer'gul Gneiss Comp lex and adjacen t
parts of the Kautokei no Greenstone Belt, i.e., the Cas'kejas
and l.ik'ca format ions to the east of the Caravarri Format ion
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(Holmsen et al. 1957, Vennervirta 1969, Krill 1985). On the
other hand, thrusted units have not been observed west of
the Caravarri Formati on.

A simi lar collisional evolut ion model hasbeen advocated
for the granulite belt and related Kitti la Greenstone
Com plex of north ern Finland (Fig. 16; Hanski et al. 1996).
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