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Άbstract: The Inner Hebrides sea Tertiary basin is the largest οΕ 

three basins οί that age ίη NW-Britain. Αη 01iqocene age for the se­

diments has been inferred frorn seisrnic reflection data. Within the 

basin area an ultrabasic intrusion is revealed by strong magnetic 

and qravity anomalies. The Tertiary subsidence οΕ the basin is sugg­

ested to have been caused by the loading οΕ the crust by the intrus­

lon's rnass excess. Απ isostatic model οΕ crusta1 b10ck subsidence 

predicts a total subsidence comparable to the mean Tertiary sediment 

thickness ίη the basin. 

1.	 The Tertiary sediments 

The Inner Hebrides Sea Tertiary basin ίη NW-Britain lies betwen the 

smal1er Tertiary basins: the Canna basin to the north and the North 

Irish Lough Neagh basin to the south. The offshore geology οί the 

reqion (McQuillin and Binns, 1973; Binns et a1., 1974) has derived 

from marine surveys undertaken by the Institute of Geo1ogical scien­

ces (Bacon, 1972; McQui11in and Bacon, 1974). The basin is bounded 

by the Camasunary-Skerryvore fault to the north-west and the Col­

lonsay fau1t to the south-east (fig.1). The Tertiary sediments were 

identified using the following criteria (Smythe and Kenolty, 1975): 

(a) interval ve1ocities; (b) the selsmic character of the sparker 

and deep reflection data; (c) absence οΕ dykes and si11s intruding 
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F1qure 1. Simplif1ed Sub-Pleistocene Geolog1cal Map ο! the region; 

1. Torr1don1an basement; 2. Granit1c intrus1ons; 3. Lew­

is1an basementi 4. Tert1ary sed1ments; 5. Bas1c intrus­

10ηs and lavas; 6. Mesozo1ic sediments; 7. South-western 

and north-eastern 11m1ts σ! the area Ιστ the mass excess 

estimat10Di θ. Faults. 

the post-Eocene sedimentsi (d) large negat1ve gravity anomaly with 

steep gradients; (e) a marked ungular unconformity with overly1ng 

younger sedimentsi (Ι) fo1ding (with dips at 1east 10%) and fault­

1ng of a sequence too thick to be Quaternary. Similar criteria had 

been successfully used in the South Ir1sh Sea to discriminate betwe­

en Mesozoic, Palaeogene and Neogen~-Recent sediments (Blundell et 

al. 1971, Dohson et Δ1. 1973). Accord1ng to Smythe and Kennolty ( 

1975) SOOm στ more of Tertiary sediments are preserved 1n the ba­

sin below 200ω ο! Quaternary. 

An 011gocene age Ιοτ the Tert1ary sediments has been inferred Ιτοω 

comparison with sediments of s1milar character in Northern rreland 
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and Southern Irish Sea. Furthermore, a prom1nent regional seismic 

reflector (Stride et al. 1969) outcrops 60-70 km west of the basin 

(Bailey et al. 1974). The sediments overlying this reflector have 

been dated as Oligocene (Smythe and Kennolty, 1975). After the end­

1nq of the igneous activity οη the self and NW-Atlantic dur1ng the 

Eocene, there was a per10d of rapid erosion, localized downwarping, 

fault1ng and depos1t1on during the 011gocene. 

2. The Blackstones 19neous centre: prev10us work. 

The ex1stence of Tert1ary 19neous complex in the area of the Inner 

Hebrides Sea bas1n was suggested by aeromagnetic evidence (Buller­

well, 1963) and by a larqe posit1ve grav1ty anomaly (Roberts, 1970). 

Gabbro and eucr1te samples were colected from its outcrop (B1nns et 

al. 1973), thus conf1rming its presence. The structure of the 1ntr­

usion revealed through geophysical surveying and modelling (McQuill­

in et al. 1975). 

/l. Seismic data 

Α single reflection se1sm1c prof11e (McQu11in and Bacon 1974) shows 

~ plutonic mass intruded into a trough οί post-Palaeozoic sediments 

(McQuillin et al. 1975, fig. 3). Part of the intrusion is overlied 

by sedimentary rocks about 1km thick. Four different layers have 

been interpreted; these are; {a} Quaternary sediments; (b) Tert1ary 

se.diments; (c) Mesozo1c sediments; (d) Ton·idon1an sandstones and/or 

crysta11ne basement. The sed1ment pocket οη top of the pluton cons­

1sts of the first three layers and 1s controlled by a fault bisect­

1ηq the pluton and post-dat1ng its ma1n phase of 1ntrus1on. The em­

placement of the pluton does not appear to have disturbed the pre­

Hesozo1c basement to any marked extent (McQuillin et al 1975), thus 

1nd1cat1ng a stop1ng mechan1sm of rising through it. Sim11ar mecha­

nism 1s suggested for the emplacement οί the Mull basic-ultrabasic 

complex by Bott and Tantr1goda (1987). The Hesozo1c sed1ments are 

qently tilted against the marg1n οί the pluton suggesting a rather 

forceful type οί emplacement (such as d1ap1r!sm and doming) through 
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the uppermost part οί the crust. 

The traveltime plot οί an unreversed refraction profile over the 

pluton ind~cated velocities οί 2.02 km/s and 7.2 km/s. The calc­

ulated depth to the top οί the 2.02 km/s layer was 260 m, so it may 

be top Tertiary.-McQuillin et al (1975) assuming that the 2.02 km/s 

layer extends down to the 7.2 km/s refractor, calculated its thick­

ness to be 820 m. They suggested that a Mesozoic rcfractcr was pro­

bably missed. The high velocity material lies therefore about 900 m 

below s@a level (water bottom at 90 m), in agreement with the 1 km 

of sediments suggested by the reflection data. 

b. Gravity modelling 

The Bouguer gravity map (fig.2) shows an almost circular positive a­

nomaly οί 150 mgals ονεΓ the pluton. The density of the intrusion 

is inferred from the 7.2 km/s velocity (using the Nafe and Drake 

(1963) velocity/density relationship) to be 3100 kg/m3 . The accept­

ed average dencities οί the surrounding formations are: Torridonian 

sed1ments 2700 kg/m 3 , Lewisian basement 2760 kg/m 3 , Mesozoic sedirn­

ents 2450 kg/m 3 . Α source οί uncertainty for the grav1ty model11ng 

15 the value οί the reg10nal gravity field. Το the north-west οί 

the skerryvore-camasunary Fault the Lewisian basement prevails with 

a regional value οί 40-50mgals. south-east of the Collonsay Fault 

the sub-Pleistocene geology consi5ts of Torridonian sandstones (fig. 

1) w1th a reg10nal gravity value of 20-25 mgals. 

McQui11in et a1. (1975) produced a gravity model of the pluton (fig. 

3~ cons1st1ng of δη a1most cy11ndrical body οί 16km diarneter extend­

1nq from 0-2 km βΙ the Ιορ Ιο 22-30 km at its base. The rnagnet1c a­

nomaly ωβρ a1so sugge5ts snch a d1ameter. The assurnptions made for 

the con5truction of th1s mode1 are: (a) the max1rnum gravity anomaly 

15 140 mgals; (b) the regional field i5 50 mgals; (c) the density 

contrast of the 1ntrusion with the surround1ng rocks was 350 kg/m . 

The maximum gravity value was underestirnated, the regional was pro­

bably overest1mated, and a ωεβΩ dens1ty contra5t of 400 kg/m3 Geems 

ωΟΓΕ appropriate. This contrast 15 also more cornpatible with the 

5ub-P1e1stocene ge010gy of the area (f1g. 1), wh1ch consists of Tor­
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ridonian rather than Lewisian rocks. With these changes, tl1e grav i­

ty model ο! McQu111in et a1. (1975) 15 substantia11y correct. 

-
7°00W 56000 Ν 

Fiqure 2. Bouguer Anomaly Gravity Map of the mass exce5S estimation 

area. Lined reqion: Tertiary sedlments subcroPi Shaded reg1­

ση: Basic intrusion and lav8s. 
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Figure 3. Schematic representat10n οί the Blackstones pluton main 

features (after MCQu111in et al. 1975). 
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3. Crusta1 loading and subs1dence mode1 

The mechan1sm examined for the subs1dence ο! the basin dur1ng the 

Tert1ary ίs to load a crusta1 b10ck and 1et 1t subs1de 1η the upper 

~ant1e, where - the load 1ε 1sostatica11y compansated. The crusta1 

b10ck cons1dered 1ε bounded to the north-west and south-east by the 

Skerryvore-camasunary and the Co11onsay fau1ts respective1y, and ίε 

shown 1η f1g 1. The load οη the b10ck 1ε 1mposed by the rnass excess 

of the p1uton. 

a. Hass excess 

One way ο! ca1culat1ng the pluton's mass excess 1ε by using 1ts mod­

el constructed by McQui1l1n et a1. (1975). Assuming a dens1ty cont­

rast ο! 400 kg/m 3 and a mean thickness ο! 16 km for the cylindr1ca1 

body (radius = 8krn) a mass excess ο! 2x10
iS 

kg 1s est1rnated. 

P~other way 1ε to 1ntegrate the Bouguer grav1ty map over the area 

ο! the subs1ded block, and to convert th1s 1ntegral to mass excess. 

Α regional grav1ty value of 25 mgals 1ε assumed to correspond to Το­

ridon1an rocks below the Mesozoic rocks 1η the bas1n (f1g. 1). The 

intergrat10n ο! the Bouguer anornaly map suggests a mass excess ο! 

1.4Χ10 kg. This value was corrected for the mass def1c1t caused by 

the Mesozo1c, Tertiary and Quaternary sed1ments,assurn1ng the follow­

1ng parameter values: areal extent ο! Hesozoic sed1ments, S~ = 2.8 
2xl0 9 m ; mean dens1ty contrast of Heso201c sed1ments, Δρ ~-260 kg/m3 

'" areal extent ο! Tert1ary sed1ments, ST = 103 ω~; mean dens1ty contr­

ast ο! Tert1ary sediments, ΔΡ' =-670 kg/m~; areal extent ο! Quatern­
τ 

ary sed1ments, S~ = 3χ10 9 m2 ; mean dens1ty contrast ο! Quaternary 

sed1ments, Δρ, = -770 kq/m~. Α conservat1ve assumpt10n ο! the mean 
'Ι 

th1cknesses ο! these sed1ments 15: He50zo1c sed1ments, ΤΜ = 800 m 

(HcQuill1n and Βίηηs, 1973; Β1ηηε et a1. 1974); Tert1ary sed1ments 

T~ ~ 300 m; Quaternary sed1ments, T q = 100 m (Srnythe and Kennolty 

(1975). The mass def1c1t caused by a Hesozo1c-Quaternary sequence 

Δε descr1bed above 1ε 10 t5 kq. Thus, the effect1ve mass excess est1­

mated through the gravity 1ntegrat1on becomes 2.4x10 i5 kg. 

The d1fference ΙΓΟΠI the f1rst est1mat1on (2. OX10 1S kg) 1s ma1nly due 

17 
Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



to the effect of the lava flows, which are known to have occured ίη 

the area before the deposition ο! the Tertiary sedirnents and the ex­

tent and thickness ο! which ίε not known, and to an underestirnation 

of the intrusion's volurne: it is expected to be wider at its base. 

b. Subsidence model 

The crustal block of area S = 3Χ10 9 m~ under the load of the mass 

excess H~ = (2.0-2.4)Χ10 Ι5 kg is thought to subside within the upper 

rnantle until an isostatic equilibrium is attained. Ι! Τ is the to­

tal arnount of subsidence (and therefore the thickness of the accumu­

lated sediments), Ρ. and Ρ the densities ο! the mantle and the se­
"'" s 

diments respectively, then Τ is calculated from the equation: 

Η Ε 1 

Assurning the densities ΡΜ=3350 kg/rn 
~ 

and ~ =2050 kg/m
! 

(the p-wave 

velocity of the Tertiary sediments 2.1-2.3 km/s suggests a density 

of 2000-2100 kg/m3 ), the predicted thickness of the post-Hesozoic 

sediments is 510 m (if H~=2.0X1d5kg) ΟΓ 615 m (if HE=2.4X10~kg). 

4. D1scussion 

Ιη the whole north-western Br1tain there are three Tertiary basins: 

the canna and.the Inner Hebrides Sea basins off western 5cotland, 

and the Lough Neagh bas1n ίη Northern Ireland. The Inner Hebrides 

Sea bas1n 15 the largest in extent of them. Α common character1stic 

of these basins 16 that, they are assoc1ated w1th lava flows pr10r 

to the depos1t1on of the sediments, the age of which is thought to 

be the same (5mythe and Kenolty, 1975). The ma1n d1fferences of the 

Inner Hebrides 5ea basin from the other two ίε that, it 1ε bounded 

to the north-west and 6outh-east by two almost parallel major trans­

current faults, and that 1t has a close spat1al relat10nship with 

an ultrabasic 1ntrusive complex. It 15 the comb1nat1on of these two 
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geolog1cal features, which Is thought to have caused the subsidence 

οΙ th1s basin after an in1tial stage of uplift related to the empla­

cement of the pluton. Th1s point οί view is consIstent with the ob­

serνat10n that, between the two faults the Tert1ary basin is restr­

icted 1η the ne1ghbourhood of the 1ntrusIon, and that other basic 

or u1trabas1c centres 1η north-western Britain (Mull, skye, St Kil­

da, Rhum) are not assoc1ated wIth sed1mentary basins οί compat1ble 

Ιο the1r 1ntrus1on age. The bas1n's subs1dence should have been fa­

cilitated by the extent10nal reg1me preνa11ing during the Tertiary. 

The crustal loading and subs1dence mechan1sm examined here pred1cts 

post-1ntrus1on sed1ment th1ckness compatible with the observed one. 

HCJ"Jever the Tert1ary sed1ments do not cover al1 the subs1ding block' 

s area. Th1s may be attributed to the effect of topography. The sub­

sidence of a wider area than the Tert1ary subcrops is supported by 

the widespread preservation of the Mesozoic sed1ments. 
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