Supplementary Material (A)

A.1 Whole-rock chemical sulphur extraction: detailed methodology

Powdered rock samples were loaded into a flat-bottomed glass reaction vessel, with a large
magnetic stirrer. A five-leg lid was used to seal the vessel, and clamped in position. The vessel was
installed on a magnetic hotplate. A nitrogen gas line was fitted into the vessel lid. In addition, a
rubber septum was fitted to one of the other legs, and a condenser clamped and installed vertically
from the leg at the top of the vessel. The remaining two legs were blocked off. A Nalgene pipe fitting
was connected from the top of the condenser to a gas bell jar, with a glass tube (no gas disperser)
feeding down into 100ml of 0.1M AgNO; solution. The whole apparatus was constructed and
operated in a fume cupboard.

At the start of the experiment, the nitrogen gas was turned on and allowed to circulate and
equilibrate through the apparatus for a minimum of 20 minutes (at a rate of two or three gas
bubbles a second bubbling into the gas bell jar). Once the apparatus was purged and under a N,
atmosphere, the hotplate and stirrer were set to approximately 150°C, and a 1M solution of
chromous chloride (CrCl,) injected through the septum so that the entire powdered sample was
submerged (approximately 80-100ml). The condenser was turned on to cool the sulphurous gases
(mostly H,S) produced by the reaction. The reaction was allowed to equilibrate for 3 hours.

During the reaction, chromous chloride solution reduces sulphur in the sample by the following
reaction:

2Cr*" +%+ 2H" = 2Cr’" + H,S (equation A)

This process leads to the complete breakdown of elemental and reduced sulphur species into H,S,
including in the presence of Fe**. During the reaction, H,S was continually removed by the stream of
N, gas and bubbled through the condenser and into the 0.1M AgNO; solution in the gas bell jar.
Reaction with AgNO; produced a black precipitate of Ag,S. At the end of the 3 hour period, the
hotplate and nitrogen gas line were turned off. The contents of the gas bell jar (Ag,S precipitate
suspended in AgNO; solution) were filtered under a vacuum through a 0.45um Millipore® cellulose
filter paper. The filtrate was washed twice (still under vacuum) using 100ml of 18.2MQ deionised
water. The paper was collected and freeze dried overnight (or for a minimum of 4 hours). The dry
Ag,S was scraped off the filter papers using a spatula and collected and sealed in a clean sample
bottle, ready for conventional sulphur isotope analysis.



A.2 Whole-rock chemical sulphur extraction: apparatus diagram
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Figure A: Apparatus set-up and procedure for whole-rock S-extraction, as described in Supplementary Material
section A.



Supplementary Material (B)

Simplified geology of the Trotternish Sill Complex on the

.
.

B.1 Supplementary northern Skye map

Trotternish Peninsula, showing sample locations
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Strathaird Peninsula and Robustan-Kirkibost area.

B.2 Supplementary southern Skye map

section displays position of the dyke

Simplified geological map and sample locations. Line of cross

samples as projected parallel to the strike of the sediment bedding planes, with the exception of

sample SK40, which has been projected onto the cross-section along the strike of the dyke itself.

Dykes drawn assuming vertical dip. Sediments dip approximately 10° dip NNW below the sediment-

lava contact at Scaladal Burn (note cross-section shows 2 x vertical exaggeration). Extent of dyke

structure under the current surface level is unknown — cross-section projects dykes for display

purposes only.
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B.3 Supplementary stratigraphic section: (a) Simplified Mesoproterozoic sedimentary log, based on
Stewart (2002) and Parnell et al., (2010). (b).Simplified Hebrides Basin Jurassic sedimentary log,
based on and adapted from Hesselbo et al., (1998).

(a) Simplified stratigraphic column for
Mesoproterozoic rocks exposed in the Hebrides

AULTBEA FRM (Altb) Adapted from Stewart (2002) and
Sample from Sgor Mor Pamell et al. (2010)
RIM78 Member (Aitb) [< 200m]
fine-grained sandstone with Stoer and Sleat Groups hoth
heavy mineral bands underlie Diabeg Formation and
RM3 Torridon Group, and overlie
All samples from Scresort Lewisian Gneiss basement

Member of ApCr. Medium-
RM90 grained red sandstone

Mesoproterozoic
Stoer Group (Str) Torrindon Group (Trn)

SK123
APPLECROSS FRM (ApCr)
[1000m] fine-medium reddish-brown KINLOCH FRM {Knl)
sandstone with exotic pebbles [1100m] fine/very fine sandstone with
DIABAIG FRM (Dbag) = minor shales
RM82 Sample from Laimhrig = BEINN NA SEAMRAIG
- w) FRM (BnS) [1100m] fine

Shale Member (Dbg) 2,

[275m]silts and muds SK 118 orey sandstones
BAY OF STOER & =] LOCH NA DAL FRM (LnD)
MEALL DEARG FRMs (BSMD) & SK114 [z00m] interberdded
pale red sandstones, muddy — mudstones and calcareous
sandstones and red shales O | o SK117 sandstones
CLACHTOLL FRM (CIt) E RUBHA GUAIL FRM (RbG)
detritus from local basement o] (previously ‘Epidotic grit and
gneisses. Breccia-conglomerate, — conglomerate’) corss-bedded coarse/
pebbly sandstones, and w very coarse sandstone and
sandsiones conglomerates at base
LEWISIAN GNEISS COMPLEX LEWISIAN GNEISS COMPLEX (Lws)
(basement) (Lws) (basement)

(b) Simplified stratigraphic column for Jurassic
rocks of the Mesozoic Hebrides Basin

unconformity — 1 confinued —
Camasunary Siltstone Member {CaSi) e~ 2 ELGOL SANDSTONE FRM (ESa) w
[7.5m] dark grey siltstone g_) w [22m] cross-bedded sandstone 8
o w o with ‘honeycomb’ textured fia)
~ E weathering surfaces —_
Camasunary Sandtone Memhefr (Casa) E S CULLAIDH SHALE FRM {Cud)
[91.4m] green-grey warsg-grglned — ) [4-6m] black, carbonaceous, fissile E
(&) sandstone interbedded with siltstones | - © mudstone Lt
» @ 6 Garantiana Shale Member (GaSh) o
g a ko] [3m] dark grey, fissile, somelimes c
et P 5 micaceous mudstone o
E; w DAFS Druim an Fhuarain Sandstone ‘5
o c Member (DAFS) ©
) E [up to 485m] cross-bedded sandstone c
o Scaladal Sandtone Member {ScSa) © and sandy limestone, massive and 3]
o [32.6m] dark grey medium-grained — thinly bedded w
) sandstonem, calcareous w RAASAY IRONSTONE o
FRM (Rasl) [1m] ‘o
SK50 Tobar Ceann Siltstone -ANGS chamositic ooloidal limestone 5
Member (Ten) [19m] NANGBG9 PORTREE SHALE FRM (Pee) &=
Siltstone and thinly \A [2m] b!ack mud;tone, E
SK52 bedded silty sandstone N71 sometimes laminated, o
STAFFIN SAY FRM (StBa): Scs micaceous with chamosite foa)
Carn Mor Sandstone ooids at fop
Member (CmSa) [9m] SCALPAY SANDSTONE FRM (ScS)
SK53 Dark grey sandstone [up to 10m] grey sandstone and siltstone,
coarse-grained, calcareous 45 Pabs calcareous, micaceous, cross-bedded
SK 103 SKUDIBURGH FRM (sku) | &3 PABAY SHALE FRM (Pabs)
[11m] red-brown siltstone, L o / [max 200m) dark grey mudstone, fissile,
purple and green 9 7] / thin sandstone interbedded and
reduction zones, fissile a % calcareous concretions —_
SK108 KILMALUAG FRM (Kml) S = E -
[25m)] alternating calcareous & = m s ‘3‘;
mudstone, argillaceous = - ARDNISH FRM (Ads) . ==
limestone and dolostone (D) [ [55-78m] sandstone, siltstone and fissile Ww5T
48] Ad mudstone, with thin ironstone beds in o8 2
DUNTULM FRM (Dtm) ] = s lower parts (NB included in PabS by 55
[8m] limestone and fissile mudstone = o faa Hesselbo et al., (1998)) m “‘_E
= ] £
o 3] )| o £
B ) =] cZe
% 8 éﬁ%o;iﬁ:i?ngﬁEﬁ:ﬁ! (Vts) _,a I[I)Ug;r ]Broadford beds lgBrkh:i ; “9 5 é
e Brkh -65m)] quartzose sandslone, limestone @
g caloareous, vith fissile mudstanes L and fissile mudstone with coral beds g g E
-—
S ] ‘ e
Lusa Limestone Member (Lusa) —
@ (% limestone and fissile mudstone m &ﬁ
=
=
= LEALT SHALE FRM (LaSh) STORNOWAY FRM (Stw)
2 [46m] including Lonfearmn Mudstone [0-102m] conglomerate, sandstone, and
Member and Kildonnan Siltstone green/red mudstone with calcrete beds
Member (stromatolitic algal limstone
at base)
unconformity Adapted from Hesselbo,

continued Qates and Jenkyns (1998)



(d-f). Normalisation values from McDonough & Sun (1995). Samples in black highlight those with 5>'S < -5%o.

C.1 Trace element diagrams sills and dykes: Multi-element normalised diagrams for dykes (a-c) and sills

Supplementary Material (C)
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C.2 La/Nb ratio of dykes and sills vs. 63%s: Blue shaded area denotes range of La/Nb ratios in Gibson
(1990). Dashed line highlights 0%o &°*S. (a) All sills and dykes. (b) sills only — with linear trend line
displayed with calculated regression.
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Supplementary Material (D)

D.1 Sulphur isotope results: sulphur extraction and conventional analysis vs. laser combustion

Conventional analyses of Ag,S precipitates from our whole-rock sulphur extraction method were
checked and cross-referenced with laser combustion analyses for sulphide minerals from
corresponding samples. A maximum variance of + 1.4%. was found between laser and precipitated
samples for three sets of corresponding samples (SK127, SK129 and SK130). This variation was not
systematic (i.e. neither a positive or negative shift in 6*'S), but results from the laser combustion
method usually had lighter §*S than the Ag,S precipitates. This variation is likely the result of slightly
differing 6*'S of elemental S, sulphide and sulphate species and within various silicate phases of the
rock vs. sulphide minerals (normally pyrite), which would be averaged out during whole-rock sulphur
extraction. In addition, a repeated sulphur extraction was run for a duplicate sample (SK52 — Jurassic
siltstone). &°'S results for this duplicate extraction varied only + 0.2%o.

Sample | SK127  SK127  SK127 SK127 SK129  SK129  SK129 SK130  SK130  SK130
Method | WRS/C WRS/C Py/L  Py/L  WRS/C  Py/L Py/L WRS/C  Py/L Py/L

5°'S (%) | -6.6 6.3 -3.9 3.6 -15.5 -15.2  -157  -21.3 -179  -184

Table D.1: &°'S results for three dykes comparing whole-rock S-extraction methodology followed by
conventional analysis (WRS/C) vs. laser combustion of pyrite (Py/L).

D.2 Sulphur isotope sample duplicates

Conventional method:
SK127 SK127 SK131 SK131 SK52 SK52 SK52(2) SK51 SK51
-6.6%o0 -6.3%o0 -30.7%0 -30.7%0 -29.2%o -29.6%0 -29.0%0 -13.9%0  -14.2%o

Laser combustion:

SK50 SK50 SK50 SK93b  SK93b  SK127 SK127 SK129 SK129 SK130 SK130
-33.1%0 -33.2%0 -31.6%0 -8.0%0 -6.9%0 -3.9%0 -3.6%0  -15.2%0 -15.7%0 -17.9%0 -18.9%o

Table D2: Duplicate 8>'s results for rock samples (conventional analysis) and pyrite-bearing samples (laser
combustion). Note that SK52(2) was re-run through the whole S-extraction procedure and conventional
analysis to check the consistency of the S-extraction reaction.



