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The more than 300 km long greenstone belt of the eastern Trondheim district in the Caledonian
Upper Allochthon displays considerable heterogeneity in lithology as well as metavolcanite geoche-
mistry. A largely bimodal mafic-felsic volcanic assemblage comprises submarine flows, agglomera-
tes, tuffs and tuffites. In many areas, especially in the south, these are intimately related to inter-
layered metapelitic units, graphitic phyliites, thin marbles and conglomerates. The metavolcanites
in the investigated central area, in the Hersje Formation, show a conspicuous tripartite subdivision
in their geochemical traits: 1) A group of HFS element-poor metabasalts to subordinate andesites
with LREE-depleted to slightly enriched patterns show differentiation trends and inter-element
ratios characteristic of island arc tholeiites, although some have high Cr contents. 2) A group of
metabasalts with compositions and trends comparable to somewhat fractionated MORB'’s, but
with Th/Ta ratios suggesting a subduction zone affinity. 3) A LREE-enriched, bimodal metabasalt-
rhyolite assemblage showing iron and titanium enrichment trends with inter-element ratios transi-
tional between calc-alkaline and within-plate basalts. It is suggested that the early Tremadoc
Hersje Formation originated during the early stages of a marginal basin opening by rifting of a
magmatic arc, with magma tapping from a heterogeneous mantle above an active, or previously
active, west-dipping, subduction zone. Basin extension took place near a continental margin or
a microcontinent, with contemporaneous deposition of sediments of platform affinity, probably on
the Laurentian side of lapetus. The marginal basin spreading migrated westwards in the early
Tremadoc - Arenig interval, as reflected by the presence of predominantly MORB-type ophiolites in
the western Trondheim District, before initial obduction of the marginal basin crust in approximate-
ly middle to late Arenig time.

T. Grenne, Geologisk Institutt, Norges Tekniske Hogskole,
N-7034 Trondheim, Norway.

Introduction

In the eastern part of the Trondheim region a
more or less continuous greenstone belt stret-
ches from south of Dombéas in the SSW to
southeast of Snasa in the NNE, a distance of
more than 300 km. These metavolcanites have
been variously termed the Musadal Group in
the Dombdés-Lesja area (Guezou 1978), the
Fundsj@ Group in the northern Meraker - Verdal
area (Wolff 1967), and the Hersjo Formation
in the central, Folldal-Reros district (Rui 1972).
Generally these rocks have been correlated
with the Steren Group greenstones of the
western Trondheim district (Wolff 1967, 1979),
although recent studies have cast some doubt
on this correlation (Grenne & Lagerblad 1985).

The Eastern Trondheim District (ETD) green-
stone belt contains a large number of syn-
volcanic, stratiform Zn-Cu-Fe sulphide depo-
sits. More than 20 mines have been operating
in the period from the middle of the seven-
teenth century until 1986. The majority of depo-
sits were small, however, and only 5 orebodies
exceeded 1 million metric tonnes (m.t.), with
a maximum size of about 3 m.t. The biggest
were found in the Folldal district, and at Killing-
dal (Rui 1973) and Hersje north and west of
Reros. The original shapes of the massive
sulphide deposits are masked by the strong
deformation; present morphologies range from
thin plates to ruler-like bodies. Remnants of
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hydrothermal feeder-zones have been recogni-
zed adjacent to massive ore in only a few
deposits. The ores are pyritic, with variable but
generally minor contents of pyrrhotite. Alt-
hough almost all were mined exclusively for
chalcopyrite, a general feature of the ETD
volcanite-hosted sulphide ores is a marked
predominance of sphalerite over chalcopyrite.
Zn values typically range from 3 to 15%, and
Cu from less than 1% to 3% (Bjerlykke et al.
1980). This, together with a lead content of
0.2-0.4% in several deposits, distinguishes the
ETD volcanogene sulphides from those of the
Western Trondheim District ophiolites, which
have very low Pb values and higher Cu/Zn
ratios (Grenne et al. 1980, Grenne 1986).

The northern (Fundsje) part of the greensto-
ne belt is situated in the Meraker Nappe (Wolff
1979), a part of the Kéli Nappe Complex in the
Upper Allochthon of the Scandinavian Caledo-
nides (Gee et al. 1985). In the Meraker-Verdal
area, the Fundsjo Group is separated from the
structurally overlying Gula Group or Complex
to the WNW (Wolff & Roberts 1980) by a steep-
ly dipping tectonic contact. The metavolcanites
are stratigraphically overlain by grey and cal-
careous phyllites of the Suldmo Group to the
east, from which they are locally separated by
a conglomerate composed of clasts derived
from the volcanic complex (Chaloupsky 1967,
Wolff 1967). The Sulamo Group is overlain by
a thick sequence of calcareous turbiditic grey-
wackes belonging to the Kjelhaugen Group
(Siedlecka 1967), and above these, black phylli-
tes of the Slagan Group contain graptolites
of Silurian (Llandovery) age (Getz 1890).

The Fundsje Group has generally been correla-
ted with the Hersjo Formation to the south,
although Stephens & Gee (1985) suggest that
the Fundsje and Hersje metavolcanic sequen-
ces are separated by a tectonic contact, the
Hersjo situated in the easternmost part of the
Gula Nappe. The predominantly metasedimen-
tary Gula rocks have been interpreted to repre-
sent an epicontinental type of depositional
environment (Guezou 1978); but the Gula may
also include Precambrian elements (Wolff &
Roberts 1980). A trondhjemite body (at Vakker-
lien, Kvikne) within the sequence has given a
U/Pb zircon age of 509+5/-4 Ma (Klingspor &
Gee, referred in Stephens et al. 1985). The age
of the ETD greenstone belt itself is not well
established, although spatially the Hersjo part
of it is very closely associated with Dictyone-
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ma-bearing black phyllites of early Tremadoci-
an age (see below).

Recent investigations (Grenne & Lagerblad
1985) have shown that some dolerite dykes in
the Fundsje Group cut early isoclina! folds and
metamorphic fabrics in the volcanites, indica-
ting an early Caledonian deformation prior to
uplift and erosion with deposition of the overly-
ing successions. This is supported by the
presence of predepositional metamorphic fa-
brics in clasts in the basal conglomerate of the
Sulamo Group (Roberts 1967). Furnes et al.
(1980) suggested that the Fundsje Group and
the Gula Complex were tectonically juxtaposed
in earliest Ordovician times and that both these
units suffered a common, early Ordovician
deformation and metamorphism. By early
Ordovician time, also the Steren Group greens-
tones in the western Trondheim district were
accreted to the Gula, and in this area the
faunal assemblage in sediments lying uncon-
formably above the Steren shows a mainly
Laurentian affinity (Bruton & Bockelie 1980).

In the Tydal area (Fig.1) a large, synoroge-
nic layered mafic intrusion (The Fongen-Hyllin-
gen gabbro complex) was emplaced in the
folded ETD greenstone belt (Hersje Formation)
and, according to Rui (1972) and Nilsen (1971),
also partly in Gula rocks (see discussion be-
low). Syenitic differentiates from this complex
have yielded a zircon U/Pb age of 426 Ma
(Wilson et al.1983).

Bimodal metavolcanites in the

Eastern Trondheim District

The ETD greenstone belt displays considerable
lithological variations, both across and along
strike. In the north, where the tectonic thick-
ness of the Fundsje part of the greenstone
belt reaches some 9 km, it comprises amphibo-
lites and quartz keratophyres, usually finely
interlayered (Wolff 1973), with subordinate
layers of coarse tuffs. The proportion of felsic
metavolcanites can be estimated to 15-20%
of the volcanic complex (Grenne & Lagerblad
1985). In addition to the effusive felsic rocks
there are large amounts of trondhjemitic and
dioritic intrusive rocks (Wolff 1973) whose
genetic relationship to the metavolcanites is
uncertain. Between the Gula Group proper and
the rocks typical of the Fundsje Group, there
is a thin unit, the Guda Group, which has been
variously included in the Fundsje Group (Wolff
1973) or the Gula (Wolff 1967,1979). The eas-
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Fig. 1 Geological map of the Reros-Tydal area. Sample localities: squares - type A; triangles - type B; asterisks - type C.
D - Dombas; F - Folldal; H - Helonda; St - Steren; M - Meraker; Sn - Snasa.

tern part of the Guda Group is transitional to
the Fundsje Group and consists of tuffaceous
units interlayered with massive metabasalts
(Grenne & Lagerblad 1985). Further west, inc-
reasing amounts of pelitic and carbonaceous
material occurs together with the metavol-
canites, locally also with horizons of marble
and graphite schist.

In the southern, Dombéas area, the Musa-

dal part of the ETD greenstone belt contains
a considerably larger proportion of metasedi-
ments, intercalated with metabasalts (partly
pillowed) and quartz keratophyres. The meta-
sediments include impure quartzites, metapeli-
tes of tuffaceous origin, calcareous schists
with thin marble layers and common units of
graphitic schists, possibly indicating a shallow-
water volcanic environment (Guezou 1978).
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Table 1. Major and trace element composition of Hersje Formation metavolcanites. Trace elements in ppm.

Sample

No: Al A2 A3 A4 A5 A6 A7 A8 A3 Bt B2 B3 B4 B5 B6 B7 B8 B9 B1C
Sio, 46.91 50.50 57.30 50.10 46.80 45.90 44.74 53.04 49.15 50.80 51.06 49.32 50.98 49.27 50.05 47.30 52.44 4820 47.9(
Al,O, 1448 1510 14.40 14.60 17.98 18.22 17.46 15.13 14.70 14.00 14.90 14.26 13.62 14.76 14.53 15.00 12.54 14.00 14.60
Fe,0, 8.90 1440 13.50 1090 742 7.65 7.78 13.00 11.76 14.40 14.79 13.15 13.14 13.24 12.10 18.30 14.06 1530 15.00
Tio, 19 80 69 8 67 69 68 108 110 172 179 152 160 158 173 205 178 190 176
Mg0 726 630 410 580 885 889 928 600 711 800 471 756 734 7.00 660 640 680 7.80 11.80
Ca0 1098 590 4.00 8.10 10.40 10.97 11.04 559 1022 730 745 973 898 956 862 620 850 620 5.00
Na,0 380 530 556 536 269 257 236 420 320 4.00 459 303 283 323 375 491 344 371 253
K;0 .05 18 18 12 10 13 08 .7 11 a7 12 18 17 23 12 12 12 1 12
MnO 2 25 15 13 11 12 12 47 19 24 18 25 17 28 19 24 20 22 23

P,0, 04 05 08 06 07 08 08 .13 .10 12 15 13 14 13 14 13 14 15 14

L.O.l 526 265 125 288 280 328 424 120 152 189 27 30 35 34 163 117 13 430 4.16
Total 98.09 101.43 101.21 98.90 97.89 98.50 97.86 99.71 99.16 102.64 100.01 99.43 99.32 99.62 99.46 101.88 100.17 101.89 103.24
Zr 15 22 23 32 41 41 43 48 50 75 91 92 9 97 100 106 109 110 116
Y 9 16 10 18 19 18 19 23 28 28 43 37 41 36 37 46 44 41 45
Sr 104 138 88 75 202 239 219 103 154 294 112 231 175 232 149 56 89 77 56
Rb & S S (4] ) (] (4] (] & S S & (4] 6 S S S ] I
Ni 87 6 5 84 210 216 227 18 37 35 13 48 46 53 49 1 49 22 39
Cr 477 29 37 250 590 584 600 67 69 88 5 116 110 140 107 42 70 46 97
Ba 14 21 48 5 «d0 d0 d0 d0 18 27 18 35 34 69 21 27 30 d0 a0
v 219 166 162 166 400 316 618 364 369 354 364 an

Sample

No: B11 B12 B13 B14 B15 C1 C2 C3 C4 C5 cée C7 C8 C9 C10 C11 cCci12 C13

Sio, 49.09 53.00 49.10 50.60 50.42 51.40 51.40 46.09 50.30 49.08 47.60 52.18 50.20 50.35 51.40 50.10 52.30 78.75

AlLO, 15.47 1340 14.50 13.60 14.05 15.20 16.60 14.07 15.20 14.10 17.10 15.20 16.00 15.57 15.80 1570 15.50 10.98

Fe,0, 1431 1440 1470 16.00 13.23 9.70 9.50 10.81 8.60 10.44 10.60 10.39 10.30 10.13 12.40 10.70 11.40 1.08

Tio, 176 182 165 194 208 135 151 181 147 174 153 183 178 178 210 226 238 .14

MgO 784 620 7.00 720 628 7.00 870 613 720 660 7.50 6.09 600 553 480 540 430 .05

Ca0 6.85 680 6.00 640 7.86 1020 870 839 930 10.13 830 722 11.00 942 9.00 960 980 .32

Na,0 397 477 460 429 400 361 432 227 493 246 432 376 403 400 421 516 396 234

K.0 14 14 021 24 11 106 28 112 219 125 19 8 44 103 35 23 .11 551

MnO 19 30 .18 16 26 .7 14 A7 15 19 15 22 18 16 23 17 16 .05

P,0, A7 16 15 3 21 24 27 26 26 23 24 35 32 29 38 42 45 02

Lo 203 68 154 130 1.02 217 122 1.51 2.58 82 55 215 47

Total  101.82 101.67 99.63102.08 99.52102.10102.64 101.11 101.13 101.07 101.22 101.89 100.83

Zr 119 127 127 129 146 126 133 134 137 140 144 152 172 173 214 253 271 148

Y 48 38 42 41 49 29 27 3B 29 38 27 3% 30 38 3 36 42 62

Sr 87 142 123 137 152 217 289 221 210 315 315 202 473 279 424 373 657 24

Rb & 4] ) & & 44 & 31 130 48 & 17 7T |17 & ) & 265

Ni 43 24 46 32 35 50 81 34 61 36 93 20 32 2 16 27 11 3

Cr 85 39 138 68 44 220 309 222 288 166 161 110 76 174 32 114 20 42

Ba 24 A0 12 64 16 96 78 376 336 529 13 199 190 166 106 21 37 29

v 390 403 339 305 293 287 a0

The Hersjo Formation
The metavolcanites analysed in the present

her places felsic metavolcanites alternate with
metabasites (Kisch 1962, Olesen et al.1973).

study were sampled in the central, Hersjo
part of the ETD greenstone belt, in the Reros-
Tydal area (Fig.1). Here, pillowed basic effusi-
ves predominate in certain areas, while in ot-

Evidence of felsic volcanism is particularly
common to the north, where also mafic and
felsic tuffs, agglomerates and graphitic or
calcareous metapelites are prominent rock



NGU - BULL.412, 1988

Marginal basin type metavolcanites 33

Table 2. INAA analyses (ppm) of REE, Th, Ta, Hf, and Sc. Nb (ppm) by mass spectrometry.

Sample No: A4 A6 B8
3.60 1.30 4.50
7.90 2.90 8.30
1.90 1.50 4.10

.55 .55 .92
.35 .30 .83
1.50 1.50 4.50
.23 24 .58
58 .07 15
.04 .02 .07
.36 .29 .92
1.30 .90 3.30
39.00 33.60 47.10

types. Volcanic flow units commonly wedge
laterally into tuffs and pelitic material, a featu-
re interpreted by Olesen et al. (1973) to be
of primary origin. Pelitic and semipelitic meta-
sediments with intercalations of mafic tuffs
are the main rock types of the eastern part
of the Hersjo Formation in the Tydal area.
Along strike, just south of these pelite-tuff
dominated parts, Rui (1972) distinguished bet-
ween the more pelitic units which he preferred
to include in the Gula Group (or Complex), and
a transitional, 'heterogeneous rock sequence’
comprising pelitic to semipelitic schists inter-
layered with basic tuffs, conglomerate and
marble. Graptolite-bearing (Dictyonema) black
phyllites of early Tremadocian age (Vogt 1940)
are interlayered with the metavolcanites (Nilsen
1971), aithough Nilsen considered the black
phyllites to be Gula rocks infolded into the
Hersjo. Gee (1981), on the other hand, inclu-
ded the Dictyonema-bearing phyllites in the
Hersje, pointing to their intimate relationships
with pillow lavas and a cross-cutting metadole-
rite dyke swarm.

Geochemistry
Thirty-six samples of pillowed and massive
basic flows, and one felsic effusive, have been
analysed in the present study. All these samp-
les are from indisputable Hersje rocks. Major
and trace elements (Table 1) were determined
by XRF on fused glass beads and pressed
powder pellets, respectively, except for Na,0
which was analysed by flame photometry.
Rare earth elements (REE), Th, Ta, Hf and
Sc were analysed by INAA and Nb by mass
spectrometry (Table 2).

The majority of samples are basaltic in com-
position (Table 1). Only one can be characteri-

B9 Cc2 cs8 co c10 C13
3.20 10.20 21.50 20.40 35.20 50.90
10.40 19.20 37.60 35.70 59.90 110.00
3.70 3.00 4.50 5.30 5.80 10.10
1.16 .85 1.29 1.46 1.65 15
75 .63 73 .85 .88 2.54
3.90 240 2.40 3.70 2.80 7.30
.57 34 .38 .55 .46 1.1
.30 2.50 3.00 3.60 5.20 23.10
.06 .56 .80 72 1.13 240
.93 11.00 17.00 12.00 24.00 92.00
2.60 3.70 4.10 5.30 4.40 7.80
39.80 35.00 37.50 34.90 31.10 2.90

zed as intermediate (andesitic) with a SiO,
value of §7.3%, while the abundant felsic flows
in the area are represented by one rhyolitic
sample. In differentiation diagrams for TiO,,
using FeO(tot)MgO and Zr as differentiation
index (Figs. 2 and 3), there appears to be a
tripartite subdivision of the basic-intermediate
rocks. This is confirmed by other diagrams
(see below), and in all diagrams the three
separate metavolcanite types have been distin-
guished by different symbols. Sample localities
for the three types are given in Fig.1.
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Fig. 2 TiO, vs. FeO(totyMgO plot of Fundsje Group metavol-
canites. Trend lings: A - abyssal tholeiites; K - Kilauea,
Hawaii; M - Macauley Island, Kermadec arc. Squares - type
A; triangles - type B; asterisks - type C.
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Fig. 3 TiO, vs. Zr plot of Fundsje Group metavolcanites.
Symbols as in Fig. 2. Andesite (type A) is marked by a filled
square, and rhyolite (type C) by an asterisk enclosed by
circle.

In the TiO, vs. FeO(totyMgO diagram (Fig.2),
type A (which includes the one andesitic samp-
le), apparently defines a flat differentiation
trend, with little or no enrichment of TiO,, a
feature which according to Miyashiro (1975)

Ti/100
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is characteristic of island arc magma series.
These samples are clearly separated from the
other two types, which both have considerably
higher titanium values and show moderate
enrichment trends.

The TiO, vs. Zr diagram (Fig.3) suggests
that types B and C are not comagmatic. For
comparable Zr contents, type C metabasalts
have significantly less titanium, although the
most fractionated of these rocks have TiQ,
values up tc 2.38% (at ¢.270 ppm Zr - cf.
Table 1). Type A and type B are clustered into
a low-Zr («560 ppm) and a higher-Zr (75 ppm)
type, respectively. The apparent 'Zr disconti-
nuity’ between the types, together with the
disparate trends in Fig. 2, suggests that the
basalts of type B are not the products of simp-
le fractionation of type A basaltic melts. The
latter fall exclusively in the discrimination field
for arc lavas (Pearce & Norry 1979), and out-
side or peripheral to the MORB field.

In the Ti-Zr-Y discriminant diagram (Fig. 4)
of Pearce & Cann (1973) the three types are
again relatively well separated. Type B ba-
salts are found in the middle of the field which
includes MORB, while type A metavolcanites
are only partly overlapping the latter and stretch

Fig. 4 Ti-Zr-Y plot of Fundsje Group
metabasalts. Symbols as in Fig. 2.

Ir

Y3
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Fig. 5 Th-Hf-Ta plot of selected
Fundsjg Group metavolcanites.
Symbols asinFigs.2and 3.
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Hf/3

Th

well into the field for island arc tholeiites.
Separated from these two types, the type C
metabasalts plot along a trend which lies on
the discrimination boundary between the fields
for calc-alkaline basalts/ ocean-floor basalts
and within-plate tholeiites. The most differentia-
ted of the samples are those displaced furt-
hest towards the Zr apex, a feature obviously
reflecting the more moderate enrichment of
titanium and yttrium than of zirconium during
magmatic differentiation of the type C basaltic
magma.

Inter-element ratios between Hf, Ta and Th
are only moderately affected by crystal fraction-
ation processes even in felsic melts (Wood
et al. 1979), and in the Hf-Ta-Th diagram (Wood
1980) the Hersjo metarhyolite sample has
been plotted together with eight selected meta-
basaits (Fig.5). A remarkable feature of these
plots is that none of the samples fall in the
discrimination fields for mid-ocean ridge or
within-plate volcanites, despite a similarity to
non-arc magmas (for some of the samples)
in other diagrams (cf. Fig.3). The type B samp-
les plot close to the border of the arc tholeii-
te field and are 'least different' from normal
MORB, which is to be expected aiso from the
previous diagrams and their whole-rock com-
position (Table 1). The metabasalts of type A

Ta

are comparable to arc tholeiites; a marked
difference between the two analysed samples
may indicate that the flows assigned to this
type were not necessarily comagmatic. The
type C metavolcanites, including the rhyolitic
sample, fall wholly within the field designated
to calc-alkaline rocks. The relative displace-
ment of the metarhyolite towards the Th apex
is compatible with this rock being related to
the type C metabasalts (cf. Wood et al. 1979),
the relative enrichment of Th was apparently
caused by the less incompatible nature of Hf
and Ta in the felsic melt. All type C samples
are fairly close to the outer boundary of the
calc-alkali field. This is in accordance with the
transitional calc-alkali/ within-plate affinity of
the same rocks in the Ti-Zr-Y diagram (Fig. 4).
Rare earth element (REE) patterns confirm
the difference between the type C flows and
types A and B. The former (Fig.6A) display a
marked light REE (LREE) enrichment, with
(La/Yb)y ratios between 3 in the least fractiona-
ted and 8 in the most fractionated of the analy-
sed metabasalts. The pattern of the meta-
rhyolite seems to confirm its genetic relation-
ship to the type C basic flows. A strong negati-
ve Eu anomaly denotes that plagiociase was
an important fractionating mineral during for-
mation of the felsic melt. No increase in Eu
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Fig. 6 Chondrite-normalised REE patterns of Fundsje Group metavolcanites. A) type C; B) types A and B. Symbols
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Fig. 7 A) MORB-normalised trace
element patterns of selected Fund-
sjo Group metabasalts. Symbols as
in Fig. 2. B) MORB-normalised trace
element patterns of recent volcanic
rocks from various tectonic settings.
Data from Pearce (1982).
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anomaly can be detected from the least to the
most fractionated of these metabasalts, alt-
hough many are plagioclase-phyric indicating
that feldspar may have been a fractionating
phase.

Contrary to the above, the type B metaba-
salts (Fig.6B) have LREE-depleted patterns
comparable to normal MORB, with a negative
Eu anomaly for one sample. Their (La/Yb)x
ratios are 0.5-0.6. A similar ratio is seen in
one of the two analysed type A lavas (Fig.
6B), while the other one shows slight LREE
enrichment with a (La/Yb)y ratio of 1.4. This
difference is in accordance with the more 'en-
riched’ character of the latter sample in the
Hf-Ta-Th diagram (Fig.5).

A rock/MORB normalizing diagram (Fig.7A)
again demonstrates the ambiguous geochemi-
cal affinity of these metavolcanites. Type A
and B rocks all have low large-ionic lithophile
(LIL) element contents, strong depletion of Ta
and Nb and fairly high Th/Ta ratios, comparab-
le to arc tholeiites (Fig.7B). Type B, however,
shows values of high field strength (HFS) ele-
ments (except Ta and Nb) that definitely are
higher than those found in arc tholeiites. Type
A is compatible with an arc tholeiite compositi-
on as far as the HFS elements are concer-
ned, but many of these samples are conside-
rably more Cr-rich (cf. Table 1) than normal
for tholeiitic arc magmas (cf. Pearce 1984),
although such basalts do occur locally in the
1zu-Bonin arc (Shiraki et al. 1978).

The type C metabasalts (Fig.7A) are signifi-
cantly enriched in the LIL elements Sr,K, Rb,
Ba and Th (see also Table 1). With the ex-
ception of Th, these elements are susceptible
to changes during processes like sea-floor
weathering and metamorphism (Saunders &
Tarney 1984). However, in the present samp-
les there is a clear consistency between the
enrichment of the mobile LIL elements and the
more stable thorium, and the most incompatib-
le of the stable HFS elements (Ta-P). A simi-
lar consistency, but with low values of the
same elements, is seen in the type A and B
samples (Fig.7A), indicating that primary variati-
ons in the LIL element contents are not comp-
letely masked by secondary changes. The LIL
element enrichment, in particular Th, makes
the type C metabasalts in many respects com-
parable to certain types of ‘enriched’ arc
magmas such as high-K calc-alkaline and shos-
honitic basalts (Fig.7B). However, significantly
different from evolved arc lavas are the much
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higher levels of HFS elements in the Hersjo
type C rocks, as well as their smooth patterns
from Nb towards Sc which is more reminis-
cent of within-plate or transitional MORB mag-
mas (Fig.7B). Additionally, the type C metavol-
canites display iron-enrichment (not shown)
and TiO-enrichment differentiation trends
(Figs.2 and 3), completely different from those
found in the calc-alkaline volcanite series. The
mafic-felsic bimodality is also atypical of such
series. On the other hand, the increased Th/Ta
ratios in type C obviously rule out a normal
mid-ocean ridge or within-plate volcanic setting
(cf. Fig.7B).

Discussion

Geochemical data on metabasites from the
Fundsje part of the eastern Trondheim District
greenstone belt, in the Meraker-Verdal area
(Fig.1), have been presented by Grenne &
Lagerblad (1985). There, tholeiitic amphibolites
comparable to both types A and B (or transitio-
nal between the two) predominate, and were
interpreted as having formed in a Tremadocian
to late Cambrian immature, ensimatic island
arc setting. The 'MORB-type' amphibolites
(similar to the type B) were ascribed to incipient
arcrifting.

Sequences comparable to the Fundsje part
of the ETD greenstone belt occur north of the
Grong-Olden basement culmination, in the
Gjersvik (Grenne & Reinsbakken 1981) and
Stekenjokk areas (Stephens & Gee 1985). As
with the Fundsje Group, both these areas
comprise bimodal mafic-felsic metavolcanic
sequences with the geochemical signature of
arc tholeiites and MORB (Stephens 1982,
Reinsbakken 1986), interpreted to represent
immature arc and arc-rifting volcanism, respec-
tively. The Stekenjokk area also contains rift-
related magmatic rocks (Stephens 1982) which
have some similarities with the transitional
calc-alkaline/WPB (Type C) metavolcanites in
the Hersjo part of the ETD greenstone belt.
Moreover, the Stekenjokk metavolcanites are
intimately associated with U-rich black shales
(Sundblad & Gee 1985) comparable to the
Dictyonema-bearing phyllites which are asso-
ciated with the ETD metavolcanites.

The present major and trace element geo-
chemistry on less deformed, clearly effusive
rocks from the Hersje Formation is generally
in accordance with the interpretation from the
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Fundsje Group further north. However, it is not
clear from these more complete geochemical
data, if any of the analysed metavolcanites
represent true island arc type magmas, or if
they all formed in an arc-related marginal
basin. The type A samples are definitely those
most akin to normal arc tholeiites, having a
flat TiO, differentiation trend and characteristi-
cally very low HFS element contents. On the
other hand, many of these samples have Cr
contents that are considerably higher than
those which are typicalfor arc tholeiites.

The type B metabasalts show geochemical
traits that are in most respects similar to some-
what fractionated, normal MORB magmas
with clear iron - titanium enrichment trends
and a depleted LREE pattern. A slight increa-
se in their Th/Ta ratios is here the only signa-
ture of subduction zone magma affinity.

The conspicuous geochemistry of the Her-
sjo type C metavolcanites is transitional betwe-
en calc-alkaline, within-plate and mid-ocean
ridge magmas, although the high Th/Ta ratios
clearly denote their genetic relationship to
subduction processes.

it has been demonstrated by Saunders &
Tarney (1984) that back-arc marginal basins
are commonly floored by volcanites transition-
al between normal MORB and arc tholeiites
or calc-alkaline magmas. Basalts with MORB
or calc-alkaline characteristics are often erup-
ted in close spatial proximity, as in the Maria-
na Trough. A calc-alkaline component in such
transitional rocks is found particularly in nar-
row ensialic basins, where marginal basin
spreading is related to mature, continent-based
arcs. The transitional character of back-arc
magmas can be explained by LIL (and H,0O)
enrichment of their mantle source by fluids
derived from the dehydrating subducted slab
(Saunders & Tarney 1984). This enrichment
may be more localized than in a normal mag-
matic arc setting. Magmatism locally taps the
variably LIL element-enriched sources and
may thus produce a spectrum of basalt types.

In view of their transitional character and
geochemical complexity, it is reasonable to
assume that the Hersjg Formation metavol-
canites originated in a marginal basin setting
by tapping of magma from a heterogeneous
source above a subduction zone. Tectonic
deformation has obliterated indications of the
primary stratigraphic relationships between the
three metavolicanite types described above,
so it is not clear if the 'LKT-type’ (type A)
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rocks are the oldest, as would be expected
in the arc rifting model suggested by Grenne
& Lagerblad (1985) for the Fundsje part of the
ETD greenstone belt, and previously for the
Stekenjokk sequence by Stephens (1982).
Furthermore, rifting of a primitive, ensimatic
arc is somewhat contradictory to the ‘evolved’
nature of the transitional, marginal basin-type
(C) lavas. In view of the model proposed by
Saunders & Tarney (1984), a marginal basin
setting for the entire Hersjo Formation, above
a relatively mature subduction zone, appears
to be a more favourable model, although one
cannot rule out the possibility that parts of the
sequence (type A) represent remnants of the
disrupted arc. This does not necessarily imply
that subduction was contemporaneous with
the marginal basin spreading (cf. Saunders &
Tarney 1984); the localized LIL enrichment
processes may well have been related to earli-
er (10-20 Ma?) subduction episodes.

It is likely that the marginal basin extension
took place close to a continental margin. This
is indicated by the quartzitic or quartzo-feld-
spathic composition of metagreywackes inti-
mately related to the volcanic and tuffaceous
rocks (Rui 1972, Guezou 1978) and by the
platform affinity of the associated, graptolite-
bearing black phyllites (Gee 1981). Lead isoto-
pe data on syn-volcanic, massive stratiform
sulphides from the area indicate a lead isoto-
pe source with a considerable proportion of
lead derived from a shield area, mixed with
mantle-derived lead (Birkeland & Bjorlykke
1986). This is also in accordance with the "epi-
continental’ depositional environment (Guezou
1978) assumed for the metasediments of the
closely related Gula Group. It is not clear from
these data, however, whether the basin develo-
ped adjacent to the Baltoscandian or the Lau-
rentian platform, or a microcontinent with in
the lapetus ocean. Black U-rich shales of the
type found in the Hersjo were widespread in
Cambrian-early Ordovician times on the Baltic
Shield, but also occur in North America. The
Dictyonema species in Hersjg was also of
worldwide distribution in the early Tremadoc
(D.L.Bruton, pers.comm.1987). Hence, neither
Laurentian/Baltoscandian province affinity nor
subduction polarity can be determined conclu-
sively by these relationships.

The only metavolcanite sequences with cle-
ar, mature arc signature in the Upper Alloch-
thon of the central Scandinavian Caledonides
are found on the island of Smela, west of the
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Trondheim district, and near Snasa (Fig.1).
On Smela, a wide spectrum of calc-alkaline
metavolcanites, ranging from basaltic through
to rhyolitic (Roberts 1980), are spatially related
to limestones of Arenig to Llanvirn age (Bruton
& Bockelie 1979). Evolved calc-alkaline ba-
salts to andesites of a continental margin affi-
nity (Roberts et al. 1984) are penecontempora-
neous with limestones of similar age in the
Helonda area (Bruton & Bockelie 1980). These
were tentatively interpreted by Roberts et al.
(1984) to have formed adjacent to a microcon-
tinent within the lapetus ocean. In both these
areas the early Ordovician fauna show a well-
defined Laurentian affinity, although the global
tectonic significance of faunal provincialism in
this region has been disputed (Roberts et al.
1984).

In the Helonda area, the calc-alkaline meta-
volcanites, of early Llanvirn age, are stratigraph
ically underlain by ophiolite complexes (Vass-
fiellet, Lekken, Gretstadfjellet, Resfjellet - Gren-
ne et al.1980, Roberts et al. 1984, Grenne
1986, Heim et al.1987) and the supposed corre-
latable Steren Group greenstones. U/Pb zircon
dating of comagmatic plagiogranites at Lokken
and Vassfjellet give early to mid Arenig ages
for these ophiolites (Dunning & Grenne, in
prep). N-type MORB geochemical affinities
predominate, but subduction-related volcanites
occur at high levels in the Lokken ophiolite
(Grenne, in prep), denoting probably a margi-
nal basin setting. There is evidence of some
deformation of these ophiolites prior to deposi-
tion of overlying conglomerates and other
sediments and the calc-alkaline volcanites
(Vogt 1945, Bruton & Bockelie 1980, Grenne
“1986). This event, the 'Trondheim Distur-
bance' (Holtedahl 1920), may thus be broadly
coeval with, but probably less penetrative than,
the early Ordovician deformation of the ETD
greenstone belt and the Gula Group.

Based on geochemical variations in the calc-
alkaline Smpla and Holonda volcanic suites,
an east-dipping subduction zone beneath a
mature arc/marginal basin couple has been
inferred for the late Arenig-early Llanvirn in
this region (Roberts 1980, Roberts et al.
1984). The very evolved character of the Holon-
da calc-alkaline rocks, contrasting strongly
with the underlying tholeiitic greenstones of
the ophiolites, seems to imply that the ocea-
nic crust of a probably fairly wide margina!
basin was accreted on to a considerably thicke-
ned lithosphere in approximately late Arenig
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times, prior to the calc-alkaline volcanism. An
early Ordovician obduction of the Steren Group
sensu stricto on the western part of Gula was
suggested by Gale & Roberts (1974), and it
is reasonable to assume that this applies also
to the other ophiolites in the western Trond-
heim district. This indicates a possible palaeo-
geographic link between the western ophiolites
and the ETD greenstone belt; the intervening
Gula Group possibly representing seaward-
migrated fragments of a rifted continental
margin within the marginal basin. The early
development of this basin may be seen in the
early Tremadoc, markedly subduction-influen-
ced, ETD metavolcanites. The evolved charac-
ter of some of these rocks, as well as lead
isotope compositions and the epicontinental
type sediments, are explicable in terms of
proximity to a continental margin. The wide
distribution of ophiolites in the western Trond-
heim district suggests that, within a time span
of 10-20 Ma (early Tremadoc - mid Arenig),
the margina! basin spreading migrated west-
wards, leaving intra-basinal continental edge
fragments upon which the western ophiolites
were obducted during the late Arenig. Such
an evolution, in view of the faunal provincialism
in the west, is most compatible with marginal
basin spreading on the western side of lape-
tus, along the Laurentian plate margin. It also
indicates the possibility that the subduction
zone to which the basin was related, may
have been west-dipping. However, it is possib-
le that active subduction along this zone cea-
sed in the Tremadoc or somewhat earlier;
this can also be inferred from a general lack
of true arc-related volcanism throughout the
Caledonian-Appalachian orogen in the Trema-
doc to mid Arenig interval (Dunning & Peder-
sen, 1988; Pedersen et al., in prep), in sequen-
ces relatable to the western side of lapetus.
The appearance of arc volcanism in late Are-
nig-early Llanvirn times in the western Trond-
heim district may signify a re-activation of
subduction in this marginal basin/inactive arc
system, coupled possibly with a shift in sub-
duction polarity and displacement of the sub-
duction zone towards the west, accompanied
also by tectonic shortening and oceanic crust
obduction within the basin.
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