


Dissolution and column chemistry 

Separation of Sr and bulk REE 

Separation of Nd from the bulk REE fraction 

Mass spectrometry 
Nd analysis.



Sr analysis.

U–Pb TIMS 

U–Pb LA–ICP–MS 







MORB-O
IB Arra

y

A

0.1 1 10
0.01

0.1

1

10

Nb/Yb

1

10

100

1000

Th U Nb Ta La Ce Pb Pr Nd Zr Hf Sm Ti Gd Tb Dy Ho Er Tm Yb Lu

1

10

100

1000

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Th/Yb Rock / mantle

Rock / Chondrite

Skjøla quartz dioritic clasts

Fagervika granitoid

B

C

Figure S1. Whole rock geochemical data from eight quartz dioritic clasts from the Skjøla olistostrome, and 
comparison with the composition of the similarly-aged Fagervika pluton in the underlying LVB ophiolite 
(Slagstad et al., 2014). (A) Th/Yb vs. Nb/Yb plot. (B) Primitive mantle-normalized patterns. (C) Chondrite-
normalized REE patterns. Chondrite and primitive mantle values from Sun and McDonough (1989). 
Slightly higher contents of incompatible elements and a negative Eu anomaly in the Fagervika pluton can be 
ascribed to its more evolved composition; volatile-free SiO2 contents of the Fagervika pluton are ~77–80%, 
vs. ~63–77% in the Skjøla clasts. 
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Figure S2. (A) Concordia plot for zircon U–Pb TIMS data for sample C1 (TGR_441), representing a 

with Isoplot (Ludwig 2003). (B) The zircons from this sample are euhedral prisms, relatively rich in U 
and strongly corroded during chemical abrasion. The three grains of #15 further fragmented into five grains
during final cleaning. Three zircon fractions were analysed, one with five grains (#15), one with two grains 
(#17) and one with one grain (#16, Table S2). The five-grain fraction is slightly discordant and appears to be 
affected by a slight amount of inheritance. The other two fractions give overlapping concordant results with a 
mean 206Pb/238U age of 478±1 Ma. This is within error of the geochemically similar Fagervika pluton 
dated at 481±3 Ma (Slagstad et al., 2014).
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Figure S3. Whole rock geochemistry plots of three porphyritic volcanic clasts of the Raudhatten conglomerate, 
compared to the shoshonitic Hølonda Porphyrites located further northwest (Fig. 2b); Hølonda Porphyrite data 
from Grenne and Roberts (1998) and Slagstad et al. (2014). (A) Th/Yb vs. Nb/Yb plot. (B) Primitive mantle-
normalized patterns. (C) Chondrite-normalized REE patterns. Chondrite and primitive mantle values from Sun 
and McDonough (1989). The clasts fir perfectly with the composition of the Hølonda Porphyrites, including 
negative Nb–Ta and positive Pb anomalies, and are distinctly different from the Ilfjellet Th-rich units as well as 
the Ilfjellet MORB-type lavas.
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Figure S4. MORB-type rocks of the Ilfjellet Group. 
(A) Th/Yb vs. Mg#. Mg# for primary mantle melts after Niu and O’Hara (2008) and for average MORB 
after White and Klein (2014). 
(B) Nb/Yb vs. TiO2/Yb diagram (Pearce, 2008). Symbols and average MORB and OIB compositions as in Fig. 6. 
(C) MORB-normalized (Sun and McDonough, 1989) Nb vs. Th diagram. Red outline shows typical compositions of 
back-arc basin basalts (BABB). The Ilfjellet Group MORBs plot outside of the typical BABB field or, partly, in the 
field of overlapping MORB-BABB compositions. Simplified after Saccani (2014). 
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Figure S5. Extended mantle-normalized trace element diagrams. 
Normalizing values from Sun and McDonough (1989).
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Figure S6. Microphotographs of zircon grains dated by U-Pb TIMS. 
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Sample V1 (TGR16_305)
Gragjelfjellet trachytic lava flow or dome
(A) Zircons before chemical abrasion.
(B) Clean grains selected for fraction #1.
(C) Grains #2 and #5, the latter underwent
a slight Pb loss, probably related to the 
internal imperfections. 

Sample V2 (TGR14_223)
Jorlisætra trachytic tuff
(D) clear to brownish zircons before 
chemical abrasion, mostly fragments, but
locally euhedral faces.
(E) Zircons selected for analyses #6 and #7.
Grain 6 yields the oldest and most reliable
age of 473±1 Ma. 
(F) The two brown grains #8 and #9, 
rich in U. 

Sample V3 (TGR15_408)
Bolhøgdin trachytic lava
(G) Zircons before chemical
abrasion - euhedral crystals
and fragments. (H) clean grains
selected for analyses #10, #11 
and #14. (I) Grains used for #12
and #13. Due to the high U 
content and metamictization
the grains were strongly attacked
during chemical abrasion 
and few fragments were left. 
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