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F1gure 1.2 ~p~grgph1cal features of the Isle of Muck 
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Figure 1. 4 
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Eigg from Muck, showing how the pitchstone 

ridge· domin a t e s south west EiggL-
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Figure 1.6 Central Eigg showing the tyye of veget 2tion . 

(Note how the Sgurr ri dge domina t es the 

landscape) 
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South-east Muck. Extent of the flows 
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Flgure 2.2.1 

~lgg_---=S::...e~qu enc es examln ed showlng cor .ceJ a t-t_ons. 

Sfc F1gure 2.2.1 for Key to symbols. 



23 



lJppor Cl..,dol<> 

Group 

Nddlll C&.oda • 

U.oup 

Law<>r 

Cloodolll 

Group c ~.., .... I - :i 
ll"ttz>r ot" 

..... 
-1 

Besot 

Group ~ 

2 

loorth<>m E 1\19 

-m-----

3 4 5 6 7 8 9 

Wntern E•gg 

0 

10 

Cera bh•onn 
GI'QI4) 

Cncx 
Creagoch 
Group 

Brutoc;t1 
U.org 
G oup 

r1oc an 
Dorchodars 
Graup 

Gl<>anr> Charcda~ 
Group 

la•g Group 

" r,...zJt 

" 

..-. ... oa 

l 

""l 

-1 

"'"1 
j 

P.o~ 

.., 
1 

~] 

l\:) 
~ 



25 

., 



.. 

.I 

I 
I 

I 

26 



figure 2. 3. 5 

Sketch of the east coast cl1ffs, E1gg 

(c. 49408737) 
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Flgure 2.4.1 

Easterm Canna Sequences examlned showlng corre1atlons. 

Key as for Flgure 2.2.1 
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Sanday __ _ss~equences collected from F2st Centrnl block 
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F1gure 2.4.10 
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.EJ.gure 2. 4.11 

~C~a~n~n~a~H~a~r~b~o~u~r--~o~u~t~c~r~oP.s of flows and conglomerates 
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~Wwe~s~t~e~r~n~C~c~an~n~a~--D~~=eguences examlned showlng correlatlons 
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Flgure 2.4.19 

Corre1atlons be~ween Eastern and Western Canna seguences 

For key to sequences see Flgures 2.4.1, 2.4.2 

and 2.4.16. 
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Flgure 2.2.1 

Geology of the Sea of the HebrLdes ne~r ELgg, Muck and Conna. 
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Fi gure 3.la Contorted flow bancl..ing 1 b asal tic f l_ow 5_Eigg_ 
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E_igure 3 .. .G9, Co_lumn.;:u· joi.nting , cliffs of south .Sanday_._ 
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Figure -5. )a 01i v:Ln e p_h:y-r i c b a t::a l t._ Huck ( M7 570 ) 
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Etgure 4 2 M.ru_g,nal part of MD18 (42697908) 
showmg lmes of ves1cles parallel 
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.EJgure 4 4 Dyke (MD 37) show1ng Slde-steRRJ__OQ_ 
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Ftgure 4 6 Dyke/country rock relat tons_bJp_s_, 
Camas Mor, Muck (c 40737935) 
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E.tgure 4.7 llY-ke passmg tnto a sill. Latg_B_g_y~g_ 
( E7404- c 46928925J 
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F1gure 4.9 

Locat1on and trend of the dyke& of Muck 

Note - The numbers shown on th1s d1agram are the 

sample numbers UGed 1n th1s thes1s except 

thdt the preced1ng 'MD' 1s om1ttea. 

( There lS one except1on to the above - M7606 ) 
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Flgure 4.10 

Pose dld8rems of dykes outcropplng along the south 

coast of t.uck. 

Rose dlagrams drawn to the scale of l em 

representlng l dyke. 

Dykes grouped ln 5 degree sectors by trend 

for these dlFJgrams. 
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Elgure 4 1Qa. Dykes west of Camas Mor beach 
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N 

f 

--9() 

\ . 
Mean -159 

180 

80 



270--

Elgure 4 1Qc Dykes east of Camas Mor gabbro
west of Port Mar 
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Elgure 4 10d Dykes east of Port Mar 
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.E.tgure 4 12 Extens1on caused by a dyke along the 
overage str1 ke d1rect1on for the swarm 
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Figure 5 . l Q..pa que p_llyric dyke fro m Huck ( MD99 ) 

Chemical ly and p e trographically -:his sample is 

a mugearite. 
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Figur e r:,~ 2 Hup;eari ti.c dyk e f rom Huck (i•':Dl 08) 

The co arse grai~ sd, circular inclu 2i on s are of 

. plagio clase and Etn eJnphibole. 

Note how the matrix appears to 'flow' around the 

inclusion situated at the lower left of the photograph. 
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Elgure 6 4 Dykes truncated by~gurr Rdchstone 

.. .E!gure 6 4g Near The Nose (46 368465) 
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E.tgure 6 4b Near B1dem Bo1dheacb (44098670) 
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Flgure 6.8 

(For key - see F1gure 6.8g) 
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Figure 7.2 ~gurr pitchstone (E7406) 

(crossed polar.s) 
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Figure 7.3 T-:astern pitchstone dyk e, Rudh' an Tancaird 

( E7454 plane polarised l i ght ) 

Note: - s anidine ph enocry s t in yel l owish glass 

crysta.lli t e s pre fer en tially growing on cor!1ers 

of phenoc ryst rath er than along the si de • 
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Figure ?. 4 ~gorr SgAi lea ch felsite ( .F:?L:2-:s) 

(c-rossed polars) 

Note:- rounded and slightly cor-rc dc-d q"uar tz grains 

anorthoclase ph eno cryst partial ly altered 

to calcite 

felsitic texture of matrix 
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Figure 8 . 1 ·r.-'i a in r ed b e d o f Euck in gul l y b e t ween Sr on 

n a Tei s te a nd Sgo rr n an Lao gh ( 40 327887) 

Fi gu r e 8 . 2 a in re d. b ed. o f i2uck sho v;i ng i nclusions o f 

al t ered v e sicul a r basal t ( 41987861) 
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.Elgure 8 3 Posstble volcantc bomb m red bed, 
Camas Mor . Muck (40877931) 

H1ghly ves1cular basalt1c flow 

Coarse gramed depos1t 
WIth abundant fragments 
of reddenPd lxlsalt 

F1neg~ 
depos1t w1th 
carbonaceous lavers 
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Sketch o: th~ cllffs ?hovE Gorbh As;~rnlbh (28170613) 

(Thlchnesses after H~rker 1908) 
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Flgure 8. 6 

DHl.grCJmrPatlc sketch of Dun Beag, Dun llor 2nd the cllffs 

of Creag nAm Faolle[nn to the north. 
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Figure 8~7 Dun Beag, Sanday showing also the geology_Q_f 

north west ':l hum • 
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~~roxenes from baslc rocks of 11gg and Muck 1n pyroxene 

_quadrllateral. 
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F1gure 9. 5 

__Eyroxenes fo:om acld rocks of E1gg ..l:..!:!..._pyroxene guadr1.la teral. 
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Flgure 9. 6 

Nomenclature of the feldspars from the acld rocks of Elgg~ 
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F1gure 9.7 

Alkall ieldspars from ac1d rocks of E1gg_plotted on 

Anorth1te- Alb1te - Or~hoclase dlagram. 
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Eigure 10_1 H1stogram of 1nlt1al analY-ses totals 
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!lEure 10.2 

~pdrlson of analyses of Rhum and Skye lavas done 

at Manchester and Durham. 

e Rhum analyses (X-ray fluorescence, Manchester) 

D Skye analyses (wet chem1cal, Manchester) 
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Flgure 10.3 

Total alkalls versus Slllca dlagram for all samples 
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F1gure 10 4 All basalts plotted 1n plag1oclase 
proJechon of plag1oclase- ol1vtne-
clmopyroxene-nephel 1ne/quartz system 

plane of cnt1cal s1l1ca 
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Results of the dJsCrlmlnant analysls method. 
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F1gure 10.6 

Plot of D1fferent1at1on ~ndex agdlnst % Anorth1te 

1n the normat1ve plagloclase for all samP.les, 
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hgure 10,7 

Selected Harker d1agrams for all fresh extrus1ve samples 

( MaJor elements ) 
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Ftgure 10 7e 
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figure l0.8 

Selected Harker d1agrams for the aphyr1c and sparselY

~RhY-rltlc extrus1ve samples ( MaJor elements ). 
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F1gure 10 Bd 
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F1gure 10 8f 
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F.Lgure 10.9 

Selected Harker d1agrams for all fresh 1ntrus1ve samples. 

(MaJor elements) 
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F1gure 10 9 b 
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F1gure 10 9e 
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Fl.gU.C(' 10.10 

Selected Ho.rker d1.ag1ams for all f!'esh extrus1.ve samples. 

(?race Plcments) 

Key as for F1.gure 10.7 
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figure 10,11 

Selected Harker dlagrams for ap..h.f.rlc PPd spDr&ely__porp.hyn h:c 

extru Sl V0 S'3mples. (Trace elernen ts) 

Key as for Flgure 10.8 
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F1gure 10.12 

Selected hnrker a1agr~rns lor all fresh lntruslve samples 

(Trc1ce elem€'nts) 

Key as for F1gu~e 10.9 
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F 1gure 10 12g 
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F1gure 10 12h 
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.t1:..@re 10 .. 13 

Total alkalls versus sllJca for aRhJ.rlc 8lld sparsPly _ 

_porpl:!.Y.rl t1c sewples. 
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F1gure 10.14 

.AP.hJ:rlc ,,nd suargely_porp.h..Y.n t1c s,'mples plotted on AFH 

d1o.gr~r • 
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F:Lgure 10.15 

Selected oclClS plotted ~galnst Lron-~ogneslum r~tioo 

(.Antyrlc dfld sparse1y_porn,!:yrl tlc samp1 es~ 

185 



186 



FeO•Fe 0 
2 3 

15 

10 

5 

F1gure 10 15o 

F1g.Jre 10 15b 

F1gure 10 15c 

Extrus1ve sam~ 

' 

, 
" 

, , 

40+-------~----~-------+------~------------~ 

04 05 06 07 

FeO• Fe
2
o

3 
MgO•FeO+Fe

2
o
3 

08 09 1.0 

187 

/ 



F1gure 10 15e 

4 

2 

0 ---- g:J_ 

F1gure 10 15f 

<> 

• 

Intrusrve samQies 

0 

," 
, ' ,. 

40+----------r-------~---------+----------~.----~~------~ 

04 05 06 07 

FeO• Fe
2
o

3 
MgO•feO ·Fe 0 

2 3 

08 09 10 

188 



figure 10.16 

Plot of K
2
o ag~lnst Na

2
o for aphJrlc and sparselY~phyrltlc 

samples, 
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figyre 10,17 

SelectEd MHJOr and trace ele~ents plotted agalnst Zr. 

( Ap~yr1c and sparsely porphyrltlc samples OPlJ ) 
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F1gure 10.18 

.!_
2

0 a'1d T10 2 plotted ognl'1st P
2
o5_ 

( Aphyrlc nna sparsely porphyr1t1c sampltS only ) 

( Key as for F1gure 10.17 ) 
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F1gure 10 18c Intrus1ves 
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Fl@re 10.19 

Y and T1 plotted agalnst Zr to 1 denhfv P.,..eshal Fhor and 

FalrY. Br1dge ty~e samples. (All tresh samples) 
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Flgure 11.1 

a) Acld rocks of £lgg_plotted on quartz- alblte

orthoclese dlag~ 

b) Acld rocks of El8g Wlth thelr assoclated alkall 

feldspars plotted on quartz - ~lblte - orthoclase 

c...lagram 
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DI 

E.Lgure 11 2 Thorton Tuttle D1fferent1ahon Index versus 

S102 content - ac1d rocks 
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F1gure 11.3 

Group l basalts, 1.c.elancl1tes and ac1d rocks of E1gg_ 

plotted on a total alkall~ versus Slllca a1agram. 
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Flgure ll. 4 

Selected Harker dlagrams showlng Group l basalts, lcelandltes 

ond acld rocks of Elgg_ 

Key as for Flgure 11.3 

219 



Figure 11 4a 

• 
• .... ,. 

10 . ... 
• 

5 

0 -

Figure 114b 

10 • • • • • • 

5 

v 

v 

v 
v 

v 
'v 

•• 0 
.. 0 ... 

0 

220 

%Total FeO 

• • 

0 
a a 

0 • 
0 

%Mg0 

--.o~ 0 l----------------~----------------~----------~O:__j02~;--:&~·~------~>----~~ 
60 70 0 so 

40 %5102 

0 • a a 



10 

• 
s 

Ftgur~ 11 4c 

•• • • ., 
'\ 

221 

%CoO 

• 

II 

0+---------------~----------------~----------------+---------------~ 
40 so 70 60 



222 

F1gure 11 4d 
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F1gure 11 4h 
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T A 8 L E S 



LOCALITY 

Gully between Sron na 
Te1ste and Sgorr nan 
Laogh 

Bay near Sgurr a 
Murchadh 

An Stac cl1ffs 

Torr nam F1rheach 

Sloe an Dubha1ch 
chffs 

South-east of Torr 
Creagach 

" " " " 

GRID REF THICKNESS 

40307888 0 40 

35397948 0 15 

40407910 ? 

40807937 c 0 20 

41637853 ? 

42787938 0 80 (max) 

42867937 0 25 

INCLUDED BASALTIC 
FRACMENTS 

None 

Rare 

? 

None 

? 

Fa1rly abundant 

Fa1r ly abundant 

Table 2 2.1 Local1t1es of the Ma1n Red Bed 

COMMENTS 

No strat1f1cat1on, 
h1ghly J01nted depos1t 

Red bed exposed at HWM, 
underla1n by coarse plag1o
clase phyr1c flow 

Inaccess1ble 

Inaccess1ble 

~ 
~ 
0') 



GROUP MAXIMUM 
THICKNESS 

Cora-bhe,in 65m. 

Cnoc Creagach 85m. 

Brutach Dearg 85m 

Glac on Dorchadais 105m. 

Gleann Charadail ?Om 

La1g 20m 

--

BASAL MARKER HORIZON NOW MARKER WAS RECOGNISED 

Plag1oclase phyric flow F1eld(verif1ed by 
petrography). 

F1ne gra1ned flow w1th Petrograph1cally 
small ol1V1ne phenocrysts 

Very f1ne gra1ned, ol1vine F~eld 

phyr1c flow. 

Flow w1th extremely F1eld 
abundant ol1v1ne 
phenocrysts. 

Grey rock (mugedrite) F1eld 

Mesozoic/Tertiary F1eld 
unconform1ty 

TABLE 2 3.1. DETAILS OF THE GROUDS OF WESTERN EIGG 

.. 

COMMENTS ON GROUP 

Var1able flows depend1ng 
on local1ty. 

Predom1nantly ol1vine 
phyrH. floJJs 

Ol1v1ne phyr1c and 
ol1vine and plag1oclase 
phyr1c flows ma1nly. 

Plag1oclase phyr1c flows 
1n south, oliv1ne phyr1c 
flows 1n north. 

Variable groups of lows 

Var1able groups of flows 

' 

I 

I 
I 

l\:) 
l\:) 

-J 

~ 



GROUP 

Upper Cleadale 

M~ddle Cleadale 

Lower Cleadale 

Basal 

r~AXIMUM MARKER HORIZON(S) COMMENTS ON THE GROUP THICKNESS 

?Om. Ol~v~ne and cl~nopyroxene phyric flows Ol~vine phyric flows above 
basal group of ol~v~ne and 
cl~nopyroxene phyr~c flows. 

130m. Flows ly~ng above the ol~v~ne and Predom~nantly ol~v~ne phyr~c 

plag~oclase phyr~c flows at the top flows above the Lower Cleadala 
of the lower Cleadale Group. Group. 

50m. Grey rock (mugear~ta) at the base. Vnr~ed group of flows w~th 
d~st~nct~ve oliv~ne and 
plag~oclase phyr~c flow at 
the top. 

c.40m. Mesozo~c/Tart~ary unconform~ty. Var~ed group of flows. 

-- --- -------- --------~ 

TABLE 2.3.2. DETAILS OF THE GROUPS OF NORTHERN EIGG 

l\:1 
l\:1 
00 



NarES 

T A B L E 2.4.1 

EASTERN BLOCK SUCCESSION 

(L1sted from Top to Base) 

* Petrograph1cally d1st1nct flow 

Any phrase underl1ned was used 1n 

petrograph1cal correlat1ons. 
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FLOW NO 

6 

5 

4 

3 

2 

1 

SAMPLES 

HC75109 
HC75ll0 

HC75108 

HC75106 

HC75104 

HC75103* 
HC75ll2 

HC75lll 

SPECIMEN DESCRIPTION ETC 

Abundant plag1oclase phenocrysts, 
rare large corroded plag1oclase 
phenocrysts, fa1rly abundant 
ol1v1ne, f1ne gra1ned matr1x 

Fa1rly abundant plag1oclase 
phenocrysts, rare large 
corroded plag1oclase phenocrysts, 
fa1rly abundant ol1v1ne 
phenocrysts, very rare m1cro
phenocrysts of cl1nopyroxene, 
f1ne gra1ned matr1x. 

Fa1rly abundant plag1oclase 
phenocrysts, rare large 
corroded plag1oclase phenocrysts, 
fa1rly abundant ol1v1ne pheno
crysts, f1ne gra1ned matr1x 

Aphyr1c, very f1ne gra1ned 
matr1x ch1lled aga1nst coarse 
1nclus1ons (probably xenol1ths) 

Conglomerate - small pebbles 
of basalt and red sandstone 
c 10 m across. 

Very abundant plag1oclase and 
ol1v1ne phenocrysts 1n fa1rly 
f1ne gra1ned matr1x. 
Character1st1c because of the 
extreme abundance of phenocrysts 

Conglomerates (red sandstone 
and basalt pebbles), sed1ments, 
tuffs and coal lenses 

Abundant small plag1oclase 
phenocrysts, wh1ch seem to 
grade 1n s1ze w1th matr1x, 
rare large plag1oclase 
phenocrysts, fa1rly abundant 
ol1v1ne phenocrysts (pseudo
morphed), fa1rly f1ne matr1x 

230 

H1gh ground 
(30 - 40 m) 

(e.g 28900410) 

Crags above 
cl1ff top -
east coast 
(e.g 29200417) 

Cl1ffs east 
of Dun Beag 
(28840382) 

Cl1ffs east 
of Dun Beag 
(28770390) 

Cl1ffs east 
of Dun Beag 
(28830382) 

Foot of cl1ff 
east of Dun 
Beag 
(28820383) 
Cl1ff of Rubha 
Camas St1ana
bha1g 
(28870433) 

Foot of cl1ff, 
Rubha Camas 
St1anabha1g 
(28770437) 
Wave cut plat
form below 
cl1ffs of east 
coast. 

Only seen 1n up
faulted sequences 
of Rubha Camas 
St1anabha1g 
(28750432) 



NOTES 

T A B L E 2 4 2 

EAST CENTRAL BLOCK SUCCESSION 

(L1sted from top to base) 

* Petrograph1cally d1st1nct1ve flow 

(2) Numbers refer to flows 1n Eastern block 

(see F1gure 2 4 1) and 1mply correlat1on 

between the flow after wh1ch the number 

1n brackets occurs and the flow from the 

Eastern block 1nd1cated by the number 1n 

brackets 

e g 5 (2) 1mpl1es that flow 5 of Eastern 

Central block correlates w1th flow 2 

of the Eastern block 

Phrases underl1ned refer to some character1st1c 

feature of the flow 
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FLO\'l 
NO 

6 (4) 

SAMPLES 

HC7598 

5 (2) HC7597 
HC75101* 
HC75102 

5 (1) 

3 

2 

1 

HC7599 

C7776 
C7773 
C7772 

C7771 

SPECIMEN DESCRIPTION ETC 

Abundant plag~oclase phenocrysts, 
rare large corroded plag~oclase 
phenocrysts, abundant ol~v~ne 
phenocrysts, f~ne gra~ned. 

Conglomerate of basalt and red 
sandstone pebbles 
Does not occur on north coast or 
on Dun Beag 

Very abundant plag~oclase and 
ol~v~ne phenocrysts 
Character~st~c because of 
extreme abundance of ~ts 
phenocrysts 

Abundant plag~oclase phenocrysts, 
wh~ch grade ~n s~ze w~th matr~x 
plag~oclase, rare large corroded 
plag1oclase phenocrysts, 
fairly abundant small ol~v~ne 
phenocrysts, fa~rly f~ne gra~ned 
matr~x 

Fa~rly coarse gra~ned w~th 
abundant small plag~oclase 
phenocrysts 

Conglomerate - red sandstone 
and basalt pebbles 

*~naccesswle* 

Fa~rly abundant plag~oclase and 
ol~v~ne phenocrysts, ol~v~nes 

unusually pseudomorphed. 
Appeared to be aphyr~c ~n the 
f~eld C7772 -plag~oclase pheno
crysts ~n glass 

Carbonaceous shales (sampled) 
overly~ng conglomerate w1th red 
sandstone and basalt pebbles. 

Unknown 

N.E of d~sused 
R C. Church 
(27600482) 

Creag nam Fao~
leann 
(28710381) 

Foreshore Rubha 
Feannag 
(27360501) 
H1gh ground north 
of Creag nam Fao~
leann (28640410) 
Top flow - Creag 
nam Fao~leann 
Cl~ffs (28600380) 

Crags west of 
Camas St~anabha~g 
(28430416) • 
Top flow Dun Beag 
(28830377) 

Top flow Dun Hor 
(28730375) 

Below top flow 
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Dun Mor (28730375) • 
In cliffs north of 
DunMor (28750380). 

North west of 
Camas St~anabha~g 
(28470433). 
Lower flow Dun Mor 
(28730375). 

Base of cl~ffs 
at east end of 
Creag nam Fao~
leann (28780385) 
Base of Dun Mor 
(27730375). 

Top of flow forms 
wave cut platform 
below Dun Mor and 
Dun Beag 
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Petrograph1.cal Average of 
El.gg Muck Canna Type 3 1.slands 

BASALTS 

Ap"1yr1.c 8 4 7 14 

Ol1.v1.ne phyr1.c 27 39 44 4 

Plag1.oclase 
phyr1.c 6 6 2 8 

Plag1.oclase & 
ol1.v1.ne phyr1.c 30 10 25 52 

other types 12 23 - 8 

DII'FERENTIATES 

Hawa1.1.te 6 6 2 10 

11ugear 1. te 11 12 20 4 

Total D1.fferen-
t1.ates 17 18 22 14 

Total Basalts 83 82 78 86 

Table 3 1 Relat1.ve Abundances of the Z.la1.n Petrograph1.cal Groups 

1.n the Extrus1.ves 
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TABLE 3 2 

PETROGRAPHICAL CLASSiFICATION OF THE BASIC 

EXTRUSIVE SAMPLES 



PETROGRAPHICAL EIGG 
TYPE 

APHYRIC BASALT E7458, E7467, 

OLIVINE PHYRIC E7432, E7444, E7461, E7463, 
BASALT 

E7464, E7465, E7466, E7468, 

E7469, E747D, E74BO, E7482, 

E7483, E7486, E74B7, E7493, 

E7635, E7636, E7639, E7649, 

E7654, E7662, EA13, EAlB, 

EA41, EA51 

MUCK 

M7547, M7567, M7639, M7643, 

M754B, ~7553, M7555, M756B, 

M7569, M7570, M7571, M7576, 

M7591, ~75139, M75140 

M75141, M7620, M7622, ~7624, 

M7627, M7629, M763D, M7644 

M7646, M764B, M7649A, M7658, 

M7659. 

::. 

CANNA 

C75D4, C7508, C7511, C7515, 

C7545, C753B, C754B, C7576, 

C7582, C7~104, T521. 

C753D, C75B6, Cl5. 

.. 

I 

I 

I 

i 
I 

I 

' 
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~ 
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PETROGRAPHICAL EIGG 
TYPE 

PLAGIOCLASE 
PHYRIC BASALTS 

E7430, E745?, E?4?3, E?644, 

PLAGIOCLASE E7429, E7459, E?630, E?650, 
AND OLIVINE EAB, EA14, EAl?. PHYRIC BASALTS 

PLAGIOCLASE EA35. 
AND CLINOPYROXENE 
PHYRIC BASALTS 

JLIVmE. /\ND E7632, E7665, EA12, EA16, 
3PirJlL PHYRIC EA42 BI\SAL TS 

---

MUCK 

M?651B 

• 

M7532, M?533, M753B, M7546, 

M7552, M7577, M757B, M7594, 

M?595, M75143, M76D3, 

M7615, M7636, M7664 

-

-

CANNA 

C7540, C7541, C7569, C7571, 

T522 • 

C7505, C7514, C7517, C7536, 

C7537, C7539, C7546, C7555, 

C7558, C7559, C7560, C7562, 

C7563, C7566, C7657, C7573, 

C7588, C7592, C7596, C7599, 

C75lOO, C7510l, C75103, C75107, 

C75109, C75113, C75114, C75ll?, 

f75118, C75121, SR246, T52D, 

T523, T524, T525, T526, T52 , 

T528, T529, T530. 

-

-

l\:) 
c:.r, 
~ 



PETROGRAPHICAL 
TYPE EIGG 

PLAGIOCLASE 
OLIVINE AND SPINEL -
PHYRIC BASALTS 

PLAGIOCLASE, 
OLIVPJE MD E7460, E7472, EA25. 
CLINOPYRO,<ENE 
PHYRIC BASALTS 

OLIVINE AND E7413, E7475, E7606, 
CLINOPYROXENE 
PHYRIL BASALTS E7634, E7641, E7652. 

PLAGIOCLASE, 
CLHJOPYHOXENE, EAJO 
OLIVINE AND 
SPINEL PHYRIC 
BASALTS 

MUCK 

-

-

-

-

I 

CANNA 

C75124 

C7533, C7535, C?575, 

C7585, C75108. 

-

-

.. 

N 
c,..., 
-...] 



PElROGRAPHICAL 
TYPE EIGG 

E7422, E7427, E7474, 

HAWAIITE E7479 

MUGEARITE E7412, E743B, E7471, 

EA21B, EA21C, EA248, 

EA24D, EA29. 

"' 

MUCK 

M7612 

M7531, M7543, M7579, 

M7597, M75127,M75144, 

M75146, M76DB,M763B, 

M765J, M75148 

CANNA 

C7503, C7531, C7534, 

C7553, C7564, C75125, 

C2D. 

C7552, SR252, SR254. 

i 

I 
I 

N 
~ 
00 
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TABLE 3 3 

CHEMICAL CLASSIFICATION OF BASIC EXTRUSIVE SAMPLES 



CHEMICAL EIGG 
CLASSIFICATION 

BASALTS E7413, E7422, E7427, E7429, 

E7430, E7432, E743B, E7444, 

E7457, E745B, E7459, E746D, 

E7461, E7463, E7464, E7465, 

E7466, E7b67, E746B, E7469, 

E7470, E7473, E7474, E7475, 

E74B2, E74B3, E7486, E7487, 

E7493, E7606, E763D, E7632, 

E7634, E7635, E7636, E7639, 

E764l, E7644, E7649, E7650, 

E7652, E7654, E7665, EAB 

EA12, EA13, EA14, EA16, 

EA17, EAlB, EA41, EA42, 

EA51. 

MUC~ 

M7532, M7533, M7538, M7543, 

M7546, M7547, M7548, M756B, 

M7569, M7570, M7571, M7576, 

M7577, M7578, M7591, M7594, 

M7595, M75139, M7514D, 

M75141, M75143, M7~148, 

M7603, M7612, M7615, M7620, 

M7622, M7625, M7627, M7629, 

M7630, M7636, M7639, M7643, 

M7644, M764B, M7649~, M7658, 

M7659, M7664. 

CANNA 

C7503. C7504, C75ll, C753D, 

C7533, C7534, C7548, C7553, 

C7573, C7575, C7576, C7582, 

C7585, C7586, C758B, C7592, 

C7596, C7?9B, C7599, C751DO, 

C7510l, C75~04, C75107, 

C751DB, C75109, C75113, 

C75114, C75117, C7511B, 

SR246, Cl5, C2D, T522. 

.. 

I 

l\:) 

~ 
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CHEMICAL 
EIGG CLASS !FICA TIDN 

HAWAIITES E7472, E7479, E7662, EA21C, 

EA38 

MUGEARITE E7412, E7471, EA21B, EA24B, 

EA24D, EA25, EA29, EA3D, 

EA35. 

MUCK 

M7531, M7552, M7553, M7555, 

M7567, N7646, M76518. 

M7579, M7597, M75127, 

M75146, M76DB, M7638 

M7653. 

CANNA 

C7505, C7514, C7515, C7517, 

C7531, C7535, C7536, C7537, 

C7538, C7539, C7540, C7541, 

C7546, C7550, C7552, C755B, 

C7559, C7560, C7562, C7563, 

C7564, C7566, C7567, C7569, 

C7571, C75121, C75124, 

C7512S, SR254, T52D, T521, 

T523, T524, T525, T526, 

T527, T528, T529, T53D, 

TX, TY. 

SR252 I 

I 

l\:) 

~ ..... 



Area Average Average No of Total dyke Average dyke length of 
trend str1ke dykes th1ckness WJ.dth str1p 

(m) (m) (m) 

w of Camas Mhor Nl60°E N250°E 24 66 3 2 76 725 

E of Camas Mhor/ 
w of Camas Mhor 

gabbro Nl59°E N249°E 19 47 4 2 49 540 

Average of dykes 
w of Camas Mhor 

gabbro Nl60°E N250°E 43 1137 2 64 -
E of Camas Mhor 
gabbro/N of 
Port Mhor N115°E N245°E 32 86 65 271 765 

E of Ca1rn 
(42657911) /en.st 
coast of Muck Nl51°E N241°E 28 42 5 l 52 750 

Average of dykes 
E of Camas Mhor 
gabbro Nl53°E N243°E 60 129 15 2 15 -
Average for all 

N1 56°E N246°E south coast dykes 103 242.85 2 36 -
Average for all 

Nl56°E N246°E dykes of Muck 123 262 36 2 13 -
-- --- - - - [ ___ - - - - -- ------

(of 116 dykes) 

Table 4 la Dykes from the South Coast of Muck 

% dykes 
% extens1on 
by dykes 

9 14 10 07 

8 78 9 62 

- -

11 33 12 77 

6 24 9 71 

- -

- -

9 43 10 43 

% extens1on 
torrected for 

trend) 

10 15 

9. 72 

-

12 91 

I 

9 98 

-
~ 

-

10 60 

----~--

N 
~ 
N) 



1- I I 
Average Average No of 

Area trend str1.ke dykes 

Gallanach Bay 
Nl52°E N242°E (excludl.ng riD31) 12 

Gallanach Bay 
(1.nclud1.ng MD31) Nl58°E N248°E 13 

NW Muck Nl61°E N251°E 6 

Average of north 
coast dykes 

Nl55°E N245°E (excludl.ng MD31) 18 

Average of north 
coast dykes 

Nl59°E N249°E (1.nclud1.ng HD31) 19 

Average for all 
Nl56°E dykes of Muck N246°E 123 

--- --- - -·- -- ---

Table 4 lb 

I I 
Total dyke Average dyke Length of 
th1.ckness Wl.dth str1.p 

(m) (m) (m) 

19 49 1 62 21 50 

- - -

- - -

- - -

- - -

262 34 2 13 -
(of 116 dykes 

Dykes from the North Coast of Muck 

I I f 

% dykes 
% extens1.on 
by dykes 

9 07 9 97 

- -

- -

- -

- -

9 43 10 43 

l 
% extens1.on 

1 

corrected fori 
trend) 

I 

10 22 

I 

-

-

-

-

10 60 

l\:) 

~ 
~ 



Total number of dykes exam~ned 

Average w~dth (average of 22) 

Average trends 

Hade (measured on some la~g Bay dykes) 

laig Bay Dykes only.-

No. of dykes 

Aggregate th~ckness 

Average thickness 

length of strip 

% dykes 

% extens~on (uncorrected for trend) 

31 

1.68 m 

NW 

30° (maximum) 

25° (average) 

Majority are 

vertical 

8 

15.25 m 

1.91 m 

315 m 

5.09 

Table 4.2: Summary of Information on the 

Dykes of Eigg 
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TABLE 5.1 

PETROGRAPHICAL CLASSIFICATION OF THE BASIC 

MINOR INTRUSIVC SAMPLES 
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PETROGRAPHICAL 
CLASSIFICATION 

BASALTS 

APHYRIC 

OLIVINE 
PHYRIC 

PLAGIOCLASE 
PHYRIC 

PLAGIOCLASE 
AND 

OLIVINE 
PHYRIC. 

EIGG 

E7401, E7402, E7404, E741B, 

E7424, E7433, E7434, E7450 

E7484, E7633, EA33, EA34, 

EA40 

E7651. 

E74D9, E7448, E7494 

E7417, E7447, E7449, 

EA39 

MUCK 

MD6, MDlO, MD15, MD19A, MD19B, 

MD35(1), MD35(2), MD36, MD45, 

MD51, MD54(1), MD54(2), MD568, 

MD62, MD64, MD68, MD69, MD71, 

MD79, MDBl, MD86, MDB9, MD94, 

MDllD, MD112, MD115, MD116, 

MD117 MDllB, MD119. 

MD4, MD5, MD12, MD13, MD14, 

MD27, MD28, MD32, MD40(1), 

MD40(2), MD42, MD43, MD47, 

MD6D, MD61, MD65, MD7D, 

MD74, MD76, MD77, MDB3, 

MDSS, MD1D4, MD105. 

MD35T, MD37(2), MD53, MD578 

MD67, MDB2, MD91, MD95. 

MD2, MD3, MD16, M017, MDlB, 

MD31A, MD31B, MD39, MD41, 

MD46, MD4B, MD49, MD56A, 

MD57A, MD63, MDBD, MD85,MD92, 

MD96(1), MD103, MD106, MD109, 

MDlll, ~Dll3, MD114. 

CANNA 

T504, T506, T508, T514. 

SR250. 

C7506, C7507, T509, T511, 

T512, T513, T515, T516, T524. 

Cant/ ••• 

l\:) 

~ 

~ 



-
PETROGRAPHICAL EIGG 
CLASSIFICATION 

PLAGIOCLASE AND -CLINOPYROXENE PHYRIC 

PLAGIOCLASE AND -OPAQUE PHYRIC 

OLIVINE AND E7631 
OPAQUE PHYRIC 

OLIVINE AND E7666 
CLINOPYROXENE PHYRIC 

PLAGIOCLASE, OLIVINE E7637 
AND OPAQUE PHYRIC 

PLAGIOCLASE, OLIVINE 
AND CLINOPYROXENE E7403, E7602, E7613. 
PHYRIC 

DOLERITES E7414, E7435. 

.Ql,F FERE Ni' rATeS 

HAWAIITE E7446, E7476, E7615. 

MUGEARITE E7646 

MUCK 

MD73 

MD56C 

MD44, MD5D, MD52, 

MD54(2), MDB4. 

-
MD9, MD72, MD96(2) 

MD75, MDlOO. 

MDllA, MDllB, MD55A, MD93. 

MDB. 

MDl, MD7, MD36M, MD99, 

MOlDS, M7524, M7506, 

M7609. 

I 

---

CANNA 

-

-

-

-
-

C7523, C7524. 

T5Dl, T507, C75Bl, C7587. 

SR247, T505, C7565. 

T503 

N 
~ 
-...] 



TABLE 5.2 

CHEMICAL CLASSIFICATION OF THE BASIC MINOR 

INTRUSIVE SAMPLES 
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CHEMICAL EIGG rLASSIFICA TION 

BASALTS E74D3, E7404, E7409, E7414, 

E741B, E7433, E7434, E7447, 

£7449, E745D, E7613, E7626, 

£7631, £7633, E7637, E7646, 

E7651, E766b, E7439, EA40. 

I HAWAIITES E74D2, E7446, E7615(8) 
I 

I ~UGEARITES -
I 
L_ 

MUCK 

M7609, MD2, MD3, MD4, MD5, 

MD6, MD9, MDlD, MOllS, 

MD12, MD13, MD14, ~015, 

MD19A, MD19B, MD35T, MD37, 

MD41, MD44, MD45, MD48, 

MD49, MD~3, MD54(1), MD54(2), 

MD56C, MD57A, MD60, MD61, 

f1D65, MD?O, f"1D77, MD79, 

MDBO, MDBl, MD82, MDB5, 

MDBB, MDB9, MD92, MD95, 

MDlDO, MD106, MD1D9, MDlll, 

MD112, MD114, MD116, MD118, 

MD.!.l9. 

MDB, MD17, MD35, MD36, 

MD56A, MD57B(B), MD63, MD67, 

MD72, MJ73(8), MD75(B), MDllO. 

~7520, M7606, MD?, MD36M, 

NJD99, MDlOB. 

(B) = BASALTIC HAWAIITE. 

CANNA . 
C7506, C7?07, SR249, 

SR250. 

. 

-

-

.. 

I 

N 
~ 
eo 
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TABLE 5.3 

RELATIVE ABUNDANCE OF THE PETROGRAPHICAL GROUPS IN THE 

INTRUSIVES (FIGURES FOR EXTRUSIVES GIVEN IN BRACKCTS) 
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PETROGRAPHICAL AVERAGE OF EIGG MUCK CANNA 
TYPE 3 ISLANDS 

BASALTS 

APHYRIC 26.8 (8.6) 39.4 (4.3) 25.2 (7.3) 16.7 (13.7) 

OLIVINE PHYRIC 15.9 (27.4) 3.0 (39.1) 22.4 (43.6) 4.2 (4.1) 

PLAGIOCLASE PHYRIC 6.1 (5.6) 9.1 (5.8) 6 5 (1.8) - (8.2) 

PLAGIOCLASE AND 22.6 (29.9) 12.1 (10.1) 22.4 (25.5) 37.5 (52.1) 
OLIVINE PHYRIC 

PLAGIOCLASE AND 
CLINOPYROXENE o.6 (o.5) - (1.4) 0.9 (-) - (-) 
PHYRIC 

PLAGIOCLASE AND 0.6 (-) (-) 0.9 (-) (-) - -OPAQUE PHYRIC 

OLIVINE AND 3.7 (2.5) 3.0 (7.2) 4.7 (-) (-) -OPAQUE PHYRIC 

OLIVINE AND 
CLINOPYROXENE 0.6 (8.7) 3.0 (8.7) - (-) - (-) 
PHYRIC 

PLAGIOCLASE, 
OLIVINE AND 2.4 (o.5) 3.0 (-) 2.8 (-) - (1.4) 
OPAQUE PHYRIC 

PLAGIOCLASE, 
OLIVINE AND 4.3 (4 1) 9.1 (4.3) 1.9 (-) 8.3 (6.8) 
CLINOPYROXENE 
PHYRIC 

DOLERITES 6.1 (-) 6.2 (-) 3.9 (-) 16 6 (-) 

DIFFERENTIATES 

HAWAIITE 4.3 (6.1) 9.1 (5. B) 0.9 (1.8) 12.5 (9 6) 

MUGEARITE 6.1 (11.2) 3 0 ( 11.6) 7.5 (20.0) 4.2 (4.1) 

% DIFFERENTIATES 10.4 (17.3) 12.1 (17.4) 8.4 (21.8) 16.7 (13.7) 

%BASALTS 89.6 (82.7) 87.9 (82.6) 91.6 (78. 2 83.3 (86.3) 
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T A 8 L E 6.1 

PETROGRAPHY Of THE CONGLOMERATES 



Sample Number(s) 

E7496A 

E7675A 

E7675B 

E7496CJ 

E7496E 

E7496D I 
E7675C J 

Petrography 

Arkosl.c sand-
stone 

Basalt 

Acidic 1.gneous 

Notes 

Greenish coloured; contain 
ipidote and chlorite. 

2 are flne grained (D.l - 0.2 

1 is coarser (0.4 mm) 

Plagioclase-phyric 

Ol1.vine-phyric 

Quartz-phyric glass 

falsite with anorthoclase, 
plagl.oclase and opaque oxide 
phenocrysts 

Table 6.lat Recess West of Botterill's Crack 

(46068462) 
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mm) 



Sample Number(s) 

EA21B 

EA21C 

EA22B 

EA220 

EA24B 

EA240 

Petrography 

1Mugearitic 1 

basalts 

(chemically 
quartz norma

tive) 

Notes 

Plagioclase, clinopyroxene and 
opaque oxide phenocrysts 

Aphyr1c; with flow aligned 
plagioclases 

Very fine grained; aphyric; 
with flow aligned plagioclaeee 

Very fine grained; aphyric 

Plagioclase-phyric glass 

" " " 

Table 6,lba Below Collie's Cleft 

(46308460) 
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Sample Number(s) 

EA2 

EA3 

EA5 

EA6 

EA4 

EA7 

Petrography 

Red arkosic 

sandstones 

Red arkose 

Pitchstone 
breccia 

Notes 

0.20 mm ) 
) 

0.25 mm ) 
) average grain s1ze 

0.40 mm ) 
) 

0.30 mm ) 

0.40 mm average grain size 

Cl1nopyroxene, anorthoclase, 
plagioclase and opaque oxide 
phenocrysts; flow banded. 

Table 6.lc: About 100 m West of Loch Caol 

na Cora-bheinn 
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OUTCROP 

la Sgurr p1tchstonffi 

lb Sgurr fels1tes 

lc Sgurr fels1tes 

ld Sgurr fels1tes 

2 Gruhn fels1te 

3 Rudh'an Tanca1rd 
p1tchstones and 
fe ls1 te 

4 North P1er 
p1 tchstone 

5 Sron Laurrh1ge 
and Sgorr 
Sga1leach 

: fels1tes 

FIELD ANORTHO- SANI- OR THO- PIAGIO CLINO- OR THO- OPAQUES QUARTZ 
RElATIONSHIP CI.ASE DINE CIASE CIASE PYROXENE PYROXENE 

Extrus1ve V' ./ v / \/' 

Part1ally ../ ./ / ~ 
1ntrus1ve 

Def1n1tely v 1/ c v) Cv) ./ 1ntrus1ve 

Unknown v ../ ../ v 

/ Intrus1ve v v ../ v 
sheet 

Dykes J' ? / 

Dyke or plug 

~ / 
~lugs ---- --- -~- - ----

(vi) phenocrysts 1n 
Table 7 1 Phenocryst Assemblages of the Ac1d1c Rocks of E1gg Dyke E7442 

I 

' 

-

N 
c:.n 
~ 

........ 



I 
ANORTHO- PLAGIO- OPAQUES CLINO- OR THO- MATRIX 
CLASE CLASE PYROXENE PYROXENE 

Extrus~ve p~tchstones 

E7406 (above base) 6 77 8 84 1 85 1 16 1 75 79 64 

E7443 (above base) 6 45 13 38 0 81 2 15 0 81 75 07 

EAl (at base) 10 54 16 01 2 62 1 10 2 97 66 75 

Intrus1ve fels~tes wh1ch merge w1th p~tchstone 

EA27 7 02 11 19 0 90 0 24 - 80 65 

EA43 6 73 9 20 1 56 0 27 - 82 24 

EA44* ..,/ - v v -
Def1n1te 1ntrus1ons 

E7442 (dyke) 9 49 12 74 2 05 2 27 0 47 73 46 

EA48 (cross-cuts 8 14 7 64 1 18 - - 83 04 
flow band1ng) 

Relat1onsh1ps unknown 

EA9 Fels1tes at base of 5 38 14 07 272 0 99 - 76 84 

EA46 
p1tchstone mass 

15 71 11 38 1 13 1 20 70 59 -
Carm1chael (1960b) 19 2 trace 0 51 1 0 (pyroxene( 79 3 

EC20 (alk fs) 

-- J - -~- ~-- - ----- ~--

Table 7 2 Modal Analyses of the Sgurr P1tchstones and Fels1tes (Vol %) 

* Modal analys1s not ava1lab1e Phenocryst assemblage 1nd1cated 

' 

J 

I 

I 

I 

I 

i 
I 

I 

l\:) 

c.n 
-..] 



(a) Proport1ons of the d1fferent types of phenocrysts and matr1x~ 

Sa he Maf1c Matr1x 
Phenocrysts Phenocrysts 

Extrus1ve p1 tchstones 15 61 - 19 83 3 77 - 6 69 66 75 - 79 64 

Partlally 1ntr us1 ve 
fels1tes 15 93 - 18 21 1 14 - 2 83 80 85 - 82 24 

Def1n1tely 1.ntrus1ve 
fels1tes 22 23 1 18 83 04 

(b) Proport1ons of the d1.fferent maf1c phenocrysts* 

Opaque Chno- Or tho-
ox1des pyroxene pyroxene 

Extrus1ve p1tchstones 0 81 - 2 62 1 10 - 2 15 0 81 - 2.95 

Parhally 1ntrus1 ve 
fels1tes 0 90 - 1 56 0 24 - 0 27 0 00 

Def1n1tely 1ntrus1ve 
fels1tes 1 18 0 00 0 00 

*Values g1ven as modal percentage, see Table 7 2 for deta1ls of 

1nd1v1dual samples 

Table 7 3 Intrus1ve and Extrus1ve Rocks of the Sgurr 

P1tchstone Mass 
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No ~dentl. hable Crystal fragments Crystal and lithic 
fragments only fragments 

M7535 Pl7540 Pl7563 

Pl7539 Pl7542 Pl7572 

M7541 Pl7641 M7613 

M7523 Pl7661 M7616 

E7616 M7631 

E7640 M7635 

C7771 M7652 

Pl7668 

E7619 

E7648 

C7726 

Relative 
Proper-
t~ons 18% 32% SO% 

Table 8.1: Fragments in the Fine Grained Deposits 



.I 

T A B L E 8.2 

MINERALOGY OF T'C C:F\.YST -'.L FR1 GCJT~S TIT 

THE FllTE G~.TI'3D D::::;pOSI'IS 
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Sample Qtz Alk.fs. Plag. Muse. 
No. 

B~ot. Ep~d 01. Pyrox. Opq. 
~ 

M7540 a J J 
M7542 J 
M2641 cpx 

M7661 (r) f 

E7616 J f (v) 

E7640 f ./ 
C7771 ./ f J ./ .; 

M7563 a ./ j cpx 

M7572 a 

M7613 J ./ ./ (v) 

M7616 J 0 ./ ./ 
M7631 m J ? ./ 
M7635 J f ./ cpx 

M7652 J m? ../ ..; opx I 
M7668 f ../ ../ ../ 
E7619 f ./ cpx 

E7648 I .j ./ I ..; 
C7726 ,; .j I 
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Basic Pebbles SedJ.mentary Rock AcJ.dJ.c Pebbles 
Pebbles 

Gabbros Sandstones Porphyritic felsitas 

C7510A C7502B C7502C 

C7510E C7502D C7510C 

Basalts C75D2E C7510G 

C7502J C7591A 
C7501A C7510B 
C7501B 

C7591F Graneehyres 
C7501C 

C75010 Feldseathic C7510F 

C7501F sandstones C7591D 

C7501G C7502A C7510I 

C7502G C7502F 

C751BA C7502H 

C7518C C7502I 

C75228 C7510D 

HawaiJ.tes C75918 
\ 

C7591E 
C7501E C7591G 
C7510H 

Arkoees 

C75188 

C7522A 

guartzitic sand-

stones 

C7591C 

Table 8.3: Rock Tyees found as Pebbles in the Coarse 

GraJ.ned SedJ.ments of Canna 



L~ne KeV Crystal Peak angle Background 
measured on 

Na K 
a* 

1.041 KAP 53° 12' MgO 

Mg K 1.254 II 43° 37' Al 203 std. 
a* 

Al K 
al 

1.487 II 36° 30' MgO std 

s~ K 1.740 II 31° 00' Al 2o
3 

std. 
al 

Ca K 3.691 L~F 113° 03' Al
2
o

3 
std. 

al 

T~ K 4.510 II 86° 09' cr
2
o

3 
std. 

al 

Cr K 5 414 II 69° 22' T~02 std. 
al 

MnK 5 898 II 62° 59' 2° e~ther s~de 
al of peak 

Fe K 6.403 II 57° 31' II 

al 

N~ K 
al 

7.477 II 48° 38' II 

KK 
al 

3.313 PET 50° 30' II 

-- -----· ------------ - -

Table 9 1 Electron M~croprobe analys_~!l9 Cond~t~ons and Standards used 

Standard 

Jade~te 

MgO 

Al203 

Wollaston~te 

II 

T~02 

cr
2
o

3 

Mn 

Fe 

N~ 

Orthoclase 

------

N) 

~ 
~ 
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T A 8 L E 9.2 

OLIVINE ANALYSES FROM BASIC ROCKS 
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Analyses of Ol~v~nes from Aphyric Basalts 

1 2 3 4 5 

5~02 39.70 37.29 38.60 39.02 38.54 

FeO 18.29 29.19 21.64 15.04 17.55 

MgO 41.98 32.73 37.25 46.16 44.07 

MnO 0.31 0.53 0.34 - -
NiO 0.25 0.21 0.24 - -
Total 100.53 99.95 98.57 100.22 100.16 

% Fest-
80.36 66.64 75.67 84.54 75.33 erite 

1. Core of ol~vine from E7481. 

2. Marg~n of same ol~v~ne (E7481). 

3. Another ol~v~ne from E748l. 

4. Most foster~t~c ol~v~ne from E9, a 2 ft wide dyke at K~ldonnan, 

E~gg - a basalt. Analysis from R~dley {1973). 

s. Least foster~t~c ol~vine from E9 {as 4). 
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Analyses of Ohv1nes from Oliv1ne- Phyr1c Basalt 

1 2 3 4 5 

5102 38.55 36.45 40.29 37.10 38.47 

FeD 14.99 24.75 15.04 27.11 18.15 

MgO 44.50 36.91 44.06 33.49 42.31 

MnO 0.23 0.43 0.23 0.46 0.23 

N10 0.37 0.30 0.33 0.24 0.39 

Total 98.65 98.84 99.95 98.40 99.55 

% Fast- 84.10 72.66 83.92 68.76 80.60 er1te 

6 7 8 9 10 

5102 37.21 40.01 38.42 39.69 36.98 

FeD 26.27 14.46 20.82 12.75 28.03 

MgO 35.59 44.60 39.15 45.49 33.50 

MnO 0.47 0.26 0.37 0.22 0.48 

N1D 0.25 0.25 0.21 0.39 0.28 

Total 99.79 99.58 98.97 98.54 99.27 

% Fast- 70.72 84.61 77.02 86.41 68.05 erite 

1. Core of ol1v1ne phenocryst 6. Margin of the same 

from E7468. 
7. Core of ol1vine phenocryst 

2. Marg1n of the same. from E7482. 

3. Core of ol1v1ne phenocryst a. Marg1.n of the same. 

from E7486. 
9. Core of ol1.vine phenocryst 

4. Marg1.n of the same. from £7487. 

5. Core of oliv1.ne phenocryst 10. Marg1n of the same. 

from £7465. 
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Analyses of Dl1vines from E1gg Intrus1ve Rocks 

1 2 3 4 

5102 34.99 39.22 40.05 40.17 

FeD 30.95 22.80 12.51 12.54 

MgO 31.84 36.59 46.16 46.49 

MnO 0.59 0 0 34 0.15 0.17 

NiO 0.16 0.16 0.30 0.25 

Total 98.53 99.01 98.87 99.27 

% Fast- 64.70 74.09 86.80 86.85 erite 

lo Ohvine from E7402 {aphyric hawa11te). 

2. Ol1v1ne from E7402 {aphync hawante). 

3. Core of olivine phenocryst from E7403 (plag1oclase, ol1v1ne 

and cl1nopyroxene phync basalt). 

4. Margin of 3. 
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Analyses of Oliv1nes from MD13 (ol1vine-phyric basalt 

dyke from Muck) 

1 2 3 4 

5102 40.02 40.40 40.52 39.95 

FeO 15.73 14.77 11.13 11.49 

MgO 42.01 43.73 47.18 47.82 

MnO o.o4 o.o3 0.19 0.19 

N10 o.o3 0.25 0.28 0.36 

Total 97.83 99.18 99.30 99.81 

% Fost- 82.63 84.07 88.31 88.12 erite 

1 & 2. Ol1v1nes from groundmass. 

Core of olivine phenocryst. 

4. Margin of 3. 
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Analyses of Ol1v1nes from E2, 15 ft w1de porphyritic dyke, 

located 0.5 ml north of K1ldonnan,E1gg (R1dley 1973) 

1 2 3 

5102 39.71 40.01 40.26 

FeD 14.04 10.07 13.04 

MgO 46.11 48.59 46.31 

CaD 0.37 0.39 0.40 

Total 100.23 99.04 100.01 

% Fast- 85.44 89.58 86.37 erite 

1. Average of 8 groundmass ol1vines analysed. 

2. Most foster1tic of 5 ol1vine m1crophenocrysts analysed. 

3. Least foster1tic of 5 ol1v1ne m1crophenocrysts analysed. 
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T A 8 L E ~ 9.3 

CLINOPYROXENE ANALYSES FRO~ BASIC ROCKS 



Analyses of Groundmass Clinopyroxenes from E7481 

(Aphync Basalt) 

1 2 

5~02 51.56 50.10 

Al2o3 2.20 3.66 

T~o2 o.a2 0.96 

FeO 8.14 7.97 

MnO 0.23 0.24 

CaO 20.72 21.26 

rlgO 14.64 14.88 

Na2o 0.32 0.37 

Total 98.63 99.44 

Proport~ons of the three end members 

Fe 13.39 12.91 

Mg 42.92 42.97 

Ca 43.69 44.13 

1. Core of cl~nopyroxene. 

2. Core of cl~nopyroxene. 

3. Marg~n of 2. 
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3 

50.29 

2.52 

1.22 

10.62 

0.32 

20.52 

13.36 

0.45 

99.30 

17.49 

39.21 

43.30 



Analyses of Groundmass C11nopyroxenes from 

Dl1v1ne Phyr1c Basalts 

1 2 3 4 

S1D2 5D.32 5D.44 51.56 49.94 

Al2D3 3.43 2.37 2.24 2.93 

T1D2 D.94 1.39 D.51 1.18 

FeD 7.78 11.94 6.67 7.96 

MnD D.21 D.38 D.2D D.25 

CaD 2D.24 19.41 2D.88 21.57 

MgD 15.D9 13.24 15.99 14.36 

Na2D D.33 D.45 D.29 D.54 

Total 98.33 99.62 98.34 99.34 

Proport1on of the 3 end members 

Fe 12.84 19.76 1D.78 13.DO 

Plg 44.37 39.D7 46.02 41.17 

Ca 42.79 41.17 43.20 45.17 

1. Core of c11nopyroxene from E7468. 

2. Marg1n of the same. 

3. Most magnes1an c11nopyroxene found 1n E7468. 

4. Core of c11nopyroxene from E7486. 

5. Margin of the same. 
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5D.51 

3.15 

1.24 

7.95 

D.25 

21.18 

14.33 

D.68 

99.29 

13.11 

42.12 

44.76 



5~02 

Al2o3 

T~02 
FeD 

MnO 

CaD 

MgO 

Na2o 

Analyses of Groundmass Cl~nopyroxenes from E7471 

(Mugear~te) 

1 2 

48.76 49.45 

4.41 4.22 

1.06 0.93 

11.74 11.94 

0.29 0.27 

16.85 16.85 

14.24 13.81 

3.60 3.49 

3 

50.99 

2.61 

0.61 

11.45 

o.oD 

20.91 

12.79 

1.2D 

Total 100.95 100.96 100.56 

Proport~ons of the three end members 

Fe 19.99 2D.53 18.76 

Mg 43.23 42.33 37.35 

Ca 36.78 37.13 43.90 

1. Core of large brown~sh cl~nopyroxene. 

2. Marg~n of the same. 

3. Colourless cl~nopyroxene. 
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5~02 

Al2o3 

Ti02 

FeD 

MnO 

CaO 

MgO 

Na2o 

Total 

Analyses of Cl~nopyroxene Phenocryst from E7403 

(plag~oclase, ol~v~ne and cl~nopyroxene phyr~c basalt) 

Core Marg~n 

50.78 51.31 

4.69 4.99 

0.43 0.46 

4.84 4.63 

o.11 o.o8 

21.65 20.99 

16.03 16.37 

0.30 0.32 

98.83 99.15 

Proporhons of the three end members 

Fe 7.92 7.63 

Mg 46.71 48.07 

Ca 45.37 44.31 

275 



Analyses of Groundmass Cl~nopyroxenes from 

E~gg Intrus~ve Rocks 

1 2 3 

s~o2 47.97 48.75 51.03 

Al2o3 3.27 5.07 2.32 

Ti02 2.22 1.78 0.61 

FeD 13.92 12.98 9.46 

MnO 0.33 0.25 0.31 

CaD 21.01 20.75 17.55 

MgO 9.85 10.03 17.41 

Na2o 0.61 0.61 0.24 

Total 99.18 100.22 98.93 

Proport~ons of the three end members 

Fe 23.84 22.60 15.02 

Mg 30.06 31.12 49.27 

Ca 46.10 46.28 35.71 

1. Cl~nopyroxene from E7402 (hawa~ite). 

2. As 1. 

3. Cl~nopyroxene from E7446 {hawa~ite). 

4. As 3. 
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50.26 

4.11 

1.21 

10.39 

0.25 

19.77 

14.37 

0.48 

100.84 

16.94 

41.76 

41.30 



5~02 

Al2o3 

h02 

FeO 

MnO 

CaD 

MgO 

Na2o 

Total 

Analyses of Clinopyroxene from Matr~x of MD13 

(ol1vine phyr~c basalt dyke from Muck) 

1 2 

50.47 50.40 

4.59 3.91 

1.96 1.88 

12.77 12.82 

o.o5 0.04 

18.70 20.03 

12.16 11.85 

0.06 o.o4 

100.76 100.97 

Proport~ons of the three end members 

Fe 21.86 21.51 

Mg 37.12 35.43 

Ca 41.02 43.06 
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Ana~ses of Pyro>enes from E1gg and Mucv Baslc Dykes 

(Rldley 1973) 

E9 E2 El Ml2 

Si02 48.94 49.30 47.85 50.38 

Al2o3 3.38 2.82 4.39 3.12 

Ti02 1.49 0.98 2.03 1.49 

reo 10.57 12.62 11.57 8.99 

' 
MnO 0.21 n.a. 0.24 0.27 

CaO 20.44 19.99 ' 20.59 21.34 

MgO 14.10 12.93 13.28 14.53 

Total 99.13 98.64 99.95 100.13 

Proport1ons of che three end members 

Fe 17.09 20.64 18.77 14.47 

Mg 40.61 37.56 38.41 41.61 

Ca 42.:m 41.80 42.81 43.92 

[9 Average of 7 analyses from a 2 ft w1de dyke (basalt), Klldonnan, 

Elgg. 

[2 Average of 3 analyses from a 15 ft w1de porphyr1tic dyke (basalt), 

! ml north of Klldonnan, E1gg. 

El Average of 3 analyses from a 6" w1de dyke (basalt), 

t ml north of Klldonnan, Eigg. 

Ml2 Average of 5 analyses from a coarse dyke (hawallte), Blar Mor, 

i"luck. 
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SAMPLE FERROSILITE I ENSTATITE 

Core MargJ.n Corel MargJ.n Core 

E7403 (I) 7.9 7.6 46.7 48 1 45.4 

E7468 12.8 19.8 44.4 39 1 42 8 

E7471 20 0 20.5 43.2 42 3 36 8 

E7481 12.9 17.5 43 0 39.2 44.1 

E7486 13.0 13.1 41 2 42.1 45 2 

~ -~ ~ 

(I) - IntrusJ.ve sample 

Table 9.4 ComposJ.tJ.onal ZonJ.ng J.n FJ.ve C_l_JLnopyroxenes from BasJ.c Rocks 

WOLLASTONITE 

MargJ.n 

44.3 

41 2 

37.1 

43.3 

44 8 

l\:) 

-..1 
~ 



Sample Colour of % T1.0 2 1.n Host rock D1.scr1.m1.nant 
Number type funct1.on score pyroxene pyroxene 

E74D2* Deep p1.nk- 1.8 - 2.2 Hawa1.1.te - 0.671 
brown 

E7403* P1.nk-brown 0.4 - 0.5 Basalt + 0.549 

E7446* Fa1.ntly p1.nk 0.6 - 1.2 Hawa1.1.te + 0.232 

} core Colourless 0.9 
E7468 Basalt - 0.136 

marg1.n P1.nk-brown 1.4 

Colourless 0.6 
E7471 Mugear1.te n.p. 

Brown 0.9 - 1.1 

E7481 Brown1.sh-p1.nk o.s - 1.2 n.a. n.p. 

E7486 P1.nk 1.2 Basalt n.p. 

M013* Purple to 1.9 ~ 2.0 Basalt n.p. 
orange brown 

* 8as1.c m1.nor 1.ntrus1.ons 

n.a. Whole rock not analysed 

n.p. Sample not processed by d1.scr1.m1.nant analys1.s program 

01.scr1.m1.nant function scores Negative values 1.nd1.cate alkaline 

aff1.n1.t1.es. 

Pos1.t1.ve values 1.nd1.cate thole1.1.t1.c 

Table 9.5: T1.02 Content and Colour of Pyroxenes (Basic Rocks) 
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T A 8 L E 9.6 

PLACIOCLASE ANALYSES FROM BASIC ROCKS 
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Plag~oclase Analyses from E~gg Lavas 

1 2 3 4 

s~D2 53.4D 52.26 53.66 49.91 

Al2D3 28.38 28.91 28.44 32.45 

FeD D.5e D.63 D.59 Do 53 

MgD o.D7 D.07 D.De 0.16 

CaD 12.8D 12.76 12.93 14.38 

Na2o 4.15 4.32 3.86 3.3D 

K2D D.22 D.30 D.25 o.n 

Total 99.60 99.25 99.81 100.82 

An 62.21 6D.95 63.97 7D.22 

Ab--- ---36-.52-- ~-37-.-36 - -34;59- -- --29-;!7f -- -

Or 1.27 1.69 1.45 D.64 

1. Core of plag~oclase phenocryst from E7472 (Hawai~te). 

2. Marg~n of 1. 

3. Core of another plag~oclase phenocryst from E7472 {Hawa~~te). 

4. Plag~oc1ase phenocryst from E7481 (Basalt). 



An 

Ab 

Dr 

An 

Ab 

Or 

1. 

2. 

3,4 

5,6 

7,8 

9,10 

11,12 

Plag~oclase Analyses from Bas~c Rocks of Eigg and Muck 

(R~dley 1973) 

1 2 3 4 5 

71.37 42.30 41.21 1.53 43.54 

28.76 56.08 56.45 78.08 56.42 

0.29 1.24 3.50 21.50 2.34 

7 8 9 10 11 

45.78 0.34 54.90 o.94 61.63 

53.55 65.56 44.76 71.23 38.32 

2.80 34.30 2.60 28.60 2.11 

Most anorthite rich plag~oclase from El, 6" w~de dyke, 

located t ml north of K~ldonnan, Eigg. {Part~al analyses) 

Least anorth~te r~ch plag~oclase from El (as 1) • 

6 

1.68 

72.08 

26.20 

12 

12.35 

75.88 

12.60 

Core/margin pair from Ml2, a coarse dyke, Blar Mar, Muck. 

" II II II " II II II II II II 

II II II II II " n II " " II 

II II " II II " " II II II II 

II II II II II II " II II II " 
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ElD El 

FeD 71.7D 69.73 

Al2D3 1.97 1.74 

T~D2 2D.l3 22.DD 

MnD l.DD D.BB 

MgD D0 79 D.BD 

Ulvosp~nel bas~s 

FeD 46.49 47o85 

Fe2D3 2B.D5 24.57 

Ilmen~te bas~s 

FeD 34.41 34.65 

Fe2o3 43.78 39.2D 

ElO Average of 2 analyses from a porphyr~t~c flow (Hawa~~te), 

lDD ft below Sgurr of E~gg. 

El Average of 5 analyses from 6" w~de dyke (Basalt), 

! ml north of K~ldonnan, Eigg. 

Table 9.7: Iron-t~tan~um Dx~des from Bas~c Rocks 

(R~dley 1973) 
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Ca-n.ch pyroxenes 

EP28 EP18 EC20 

5102 51.95 51.41 51.72 

A12o3 1.86 1.64 1.02 

T1D2 0.74 0.68 0.62 

Fe2o3 - - 2.40 

FeO 10.72* 10.95* 7.56 

MnO 0.69 0.84 1.27 

CaD 19.02 18.26 19.84 

MgO 14.21 15.06 15.12 

Na2o 0.55 0.58 0.32 

Total 99.74 99.42 99.90 

Fe 17.74 17.88 17.3 

Mg 41.92 43.86 42.5 

Ca 40.34 38.26 40.1 

* Iron as total FeO 

EP18 ) 
) Sgurr pitchstone {R1dley 1973) 

EP28 ) 

Ca-poor pyroxenes 

EP24 EP28 EC20 

47.36 53.82 51.88 

0.22 0.62 1.46 

0.38 0.33 o.57 

- - 2.55 

31.37* 18.97* 16.80 

1.43 1.41 1.88 

18.39 1.58 2.19 

o.o7 24.20 22.37 

o.12 n.d. 0.23 

99.94 100.93 99.94 

56.99 29.61 33.0 

o.2o 67.23 62 0 6 

42.80 3.16 4.4 

EP24 Western p1tchstone dyke, Rudh' an Tanca1rd {R1dley 1973) 

EC20 Sgurr p1tchstone (carm1chae1 1960a) 

{N.B. Rudh an Chroma1n of R1dley 1s same place as Rudh' an Tanca1rd 

of most recent o.s. maps.) 

Table 9.8 Pyroxenes from the Acid Rocks of E1gg 
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Skaergaard Sgurr Sgurr Rudh' an Tan-
ferroaugJ.tes augJ.tes hypersthenes caJ.rd ferro-

hedenbergJ.te 

MnO 1.1 0.68 0.45 0.38 

Tl.02 2.0 1.51 1.04 0.22 

Al2o3 0.32 0.93 1.65 1.43 

(N.8. Skaergaard and both Sgurr pyroxene types quoted as average 

weJ.ght percentages.) 

Table 9.9 MnO, Tl.02 and Al2Q3 in Pyroxenes from the 

Acl.d Rocks of El.qq compared wJ.th the 

Skaergaard FerroaugJ.tes 
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AlkalJ. Feldspars Plag~oclase Feld-
spars 

EC20 EP24 EP21 EP6 EP24 EP24 
(av.of 4) (av.of 12) (av.of 13) {most {least 

calcic) calcl.c) 

51.02 64.58 66.61 59.42 63.82 

Al203 20.30 19.94 tl) tl) 24.15 21.79 
H H 
tl) tl) 

>< >< 
Fa2o3 0.43 n.d. 

~ ~ 
n.d. n.d. 

CaD 1.26 0.16 8.84 3.53 

7.09 
~ ~ 

6.22 7.33 Na2o 6.06 H H 

~ ~ 
K20 7.12 6.49 p.. p.. o.84 3.17 

Total 99.75 100.29 99.47 99.64 

An 6.1 o.B4 o.86 3.95 43.84 17.50 

Ab 51.5 59.99 60.32 60.70 52.62 62.05 

Or 42.4 38.51 39.87 34.28 4.96 18.73 

n.d. not determined 

Part~al analys1.s Na2o, CaD and K2o only determ1.ned for sample. 

EP6 Fels1.te dyke assoc1.ated w1.th ma1.n fels1.te 1.ntrus1.on, Cleadale 

{Ridley 1973). 

EP21 Felsit~c part of eastern pitchstone dyke, Rudh' an Tanca1.rd 

(Rl.dley 1973). 

EP24 Western p1.tchstone dyke, Rudh' an Tancal.rd (R1.dley 1973). 

EC20 Sgurr p1.tchstone {Carm~chael 1960b) 

Table 9.10 Feldspars from the Ac1.d Rocks of Eigg 
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1 
M~crocl~ne -

1 
Orthoclase- 1 

San~d~ne- H1gh 
1 Sgurr 2 

low albite low albite Anorthoclase San1dine- alkali 
ser~es ser1es - h~gh alb~te h~gh albite feldspar 

ser~es series 

cl-, 1.514-1.529 1.518-1.529 1.518-1.527 1.518-1.527 1.525 

(3 1.518-1.533 1.522-1.533 1.522-1.532 1.523-1.532 1.530 

0 1.521-1.539 1.522-1.539 1.522-1.534 1.524-1.534 1.532 

2V 66°- 103° 33°- 103° 18°- 54° 63° - 54° 45°- 52° 

.!S.!l= 
o( ,;8, J( least, 1ntermediate and greatest refract~ve ~ndices. 

2V opt~c ax~al angle 

1. Date from Deer, How~e and Zussman 1966. 

2. Data from Carm~chael l960b. 

Table 9.11: Opt~cal Propert~es of the Alkal~ Feldspar Series 



T1tanomaqnet1tes 

EC20 EP28 EC20 

SJ.02 0.08 n.d. * 
Tl.02 13.50 13.73 45.60 

Al2o3 1.42 1.89 0.13 

V203 0.14 n.d. * 
cr2o3 o.ol n.d. * 
FeO 76.70 77.38 48.20 

MnO 1.16 o.86 1.25 

MgO 2.12 2.01 3.31 

CaD 0.02 n.d. 0.03 

ZnO 0.19 n.d. * 

UlvospJ.nel basis 

FeO 39.23 39.75 

Fe
2
o3 41.70 4le88 

IlmenJ.te basis 

FeO 31.09 31.47 33.93 

Fe2o3 50.68 51.01 15.86 

* Below limit of sensitivJ.ty (D.Ol%). 

n.d. not determ1ned 

EC20 Sgurr of EJ.gg p1tchstone (Carmichael 1960a) 

EP28 ) 
) Sgurr of EJ.gg pitchstones (R1dley 1973) 

EP18 ) 

Ilmenites 

EP18 

n.d. 

37.96 

0.48 

n.d. 

n.d. 

56.33 

o.55 

2.80 

node 

n.d. 

28.90 

30.43 

Table 9.12: Iron-tJ.tanJ.um Oxides from the Sgurr of Eigg 
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INTRUSIVES EXTRUSIVES 

Ne Hy Qtz Ne Hy Qtz 

EIGG 35 65 0 42 46 12 

PlUCK 41 49 10 64 35 1 

CANNA 33 67 0 18 81 1 

Ne - Nephel1ne 1n norm. 

Hy - Hypersthene but no quartz 1n norm. 

Qtz - Quartz 1n norm. 

Table 10,1: Relative Proport1ons of Nephel1ne, Hypersthene 

and Quartz Normative Samples 1n Bas1c Rocks 

290 



51.02 44 - 50 wt. % 

Al2o3 less than 18 wt. % 

feO + Fe2o3 less than 16 wt. % 

l'lgO less than 15 wt, % 

CaO less than 12 - 13 wt. % 

Ni less than 1000 ppm 

Cr n n n n 

Ba n n " " 

Zr less than 200 ppm 

Table 10,2: Restr1.ct1.ons on Input Data for 

Ol.scr1.m1.nant Analys1.s Program 
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Ridley (1971, 1973) 

Basalt Hawa~~te Mugearite Benmoreite 

Dl 40 40 - 50 so - 65 65 - 75 

Thompson et al (1972) 

Dl 

%An 

Basalt 

30 

50 - 70 

Present work 

Basalt 

DI 30 

% An 50 - 70 

Note:-

Hawai~te Mugear~te 

30 45 - 65 

30 - 50 15 - 30 

Basaltic Hawa~~te 

30 30 or 

+ + 

30 - 50 50 - 70 

Benmore~te 

65 75 

5 - 15 

Hawa~tte 

30 - 45 

30 - so 

DI Thorton Tuttle D~fferent~at~on Index 

% An Normative plagioclase anorthite content 

Trachyte 

75 

0 - 10 

Mugear~te 

45 - 65 

15 - 30 

{also compos~tion of model plag~oclase of Thompson et al) 

Table 10,3: Nomenclature used in Recent Work on 

Hebr~dean Bas~c Volcan~cs 
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Quartz Basalt~c 
Iceland~tes 

thole~~tes Iceland~ tee 

.tt:.. 52% s~o2 52 - 56% s~o2 > 56% s~o2 

INTRUSIVES 

PI035 1"10361"1 1"107 

PI035T PIOlOB 1"1099 

EXTRUSIVES 

C7518C 1'17653 EA218 

C7550 EA25 EA248 

SR254 EA30 EA240 

EA35 

C7536 

Table 10:4: quartz Normat~ve Samples - Nomenclature 



Group 1 

H~gh PI gO over 9% 

H~gh CaO 10 - 12% 

Low ~ron 12% 

Low Na2o c. 2.5 - 3% 

Low h02 1 - c.l.6% 

Low P205 o.l - c.D.2% 

Basalts:- £7467, £7469, £7636, £7649, £7654, EAB 

Hawa~~tes.- £7662, EA21C 

Group 2 

Low PI gO B% or less 

Low CaO B- 9% 

H~gh FeO 13.5% or more 

H~gh Na2o over c.3% 

H~gh T~02 over c.2.5% 

H~gh P205 over c.0.25% 

Basalts:- £7427, E7429, E7430, E7458 

Hawai~tes:- E7479 

Table 10.5: PlaJor Element Character~st~cs of the Two Groups 

of Eigg Basalts 

294 
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D~scrim1nant Sample D~scr~m~nant Harker D~agram 
Analysis Number Funct~on Store Group (see Tab.l0.5) 
Group 

Tholeute E7654 + 0.254 1 

" EA8 + 0.245 1 

" E7649 + 0.182 1 

n E7636 + 0.003 1 

Alkal1ne E7469 - 0.171 1 

" E7662 - 0.257 1 

" E7467 - 0.279 1 

" E7427 - 0.303 2 

" E7458 - o.537 2 

n E7429 - 0.615 2 

" E7479 - 0.832 2 

" E7430 - 0.838 2 

Table 10.6: D1scr1m1nant Funct1on Scores for the 

Two Groups of E1gg Basalts and Hawa11tes 



1 

2 

3 

4 

5 

'-----

Rhum Groups FeO (total) MgO CaO Na2o T1.02 P205 

Pebbles older E1.gg Group 1 Some Canna E1.gg Group 1 None E1.gg Group 1 E1.gg Group 1 
than Group 2 

Some Canna 
pebbles Some Canna Some Canna Some Canna 

pebbles pebbles pebbles pebbles 

Ol1.v1.ne Possl.bly Canna and Canna Canna or Canna None 
basalts from E1.gg Group 1 Muck or E1.gg Group 1 

E1.gg Group 1 

Orval Hawa1.- Canna lavas Canna lavas Canna lavas Canna lavas Canna lavas Canna lavas 
1.tes 

D1.fferent1ates Canna Hawa1- Canna Hawa1- Canna Hawa1- None Muck mugear- Canna Hawa1-
from F1onchra 1tes 1tes 1tes 1tes 1tes 
and Blood-
stone H1ll 

Iceland1tes Iceland1te Iceland1te Iceland1te Iceland1te Iceland1te Iceland1.te 
from Blood- pebbles from pebbles from pebbles from pebbles from pebbles from pebbles from 
stone H1ll El.gg El.gg El.gg El.gg El.gg El.gg 
and South 
F1onchra 

Table 10 7 Summary of Geochem1cal Compar1sons of the E1.gg, Muck and Canna Extrus1ves 

w1th the Rhum Lavas (MaJor Elements) 

I 

I 

N) 

e.c 
~ 



l 

2 

3 

4 

5 

Rhum Group FeO (total) MgO CaO Na
2

o T~02 

Pebbles older Lowest FeO H~ghest MgO H~ghest CaO Ma~n bulk Lower T~o2 
than Group 2 samples samples samples of samples samples 

Ol~v~ne basalts MaJOr~ty of t-1aJOr~ty of Low CaO Ma~n bulk Ma~n bulk of 
from Rhum samples samples samples of samples samples 

Orval Hawa~~tes MaJOr~ty of Lowest MgO Low CaO H~gher CaO H~ghest T~o2 
samples samples samples than samples 

maJor~ty 

D~fferent~ates H~ghest FeO Lowest r.1g0 Low cao Quartz thole~- Quartz Hawa~-
from F~onchra samples samples samples ~te ~tes 

and Bloodstone + + 
H~ll Quartz thole~- Quartz thole~ 

~tes ~tes 

Iceland~tes from Porphyr~t~c Porphyr~t~c Porphyr~t~c Porphyr~t~c Porphyr~t~c 

Bloodstone H~ll ~celand~tes ~celand~tes ~celand~tes ~celand~tes ~celand~tes 

and South F~onchra 

-- --

Table 10.8 Summary of the Compar~sons of the Bas~c ~nor Intrus~ves 

w~th the Rhum Lavas (MaJor Elements) 

P205 

Lower P
2

o
5 

samples 

Ma~n bulk of 
samples 

H~ghest P
2

o
5 

samples 

None 

Porphyr~t~c 

~celand~tes 

N 
~ 
-..] 



Element ppm Group 1 ppm Group 2 

Ba 100 - 200 over 1000 

Nb c.6 20 - 25 

Zr c.lOO 350 - 400 

y 25 40 

Sr 350 - 450 500 

Rb 10 40 

Samples in Group 1:- M7597, M75127 

Samples ~n Group 2:- M7579, M75146, M760B, 

M763B, M7653 

Tabla 10.9: Trace Element Characterist~cs of the 

Two Groups of Extrusive Mugaarites 

from Muck 
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Element ppm Group 1 ppm Group 2 

Zr 150 150 - 200 

y 15 - 25 30- 40 

Sr 250 - 400 450 - 550 

Cu 70 50 

N~ 90 50 

Cr 350 c,50 

Lavas ~n Group 1:- E7467, E7469, E7636, E7649, 

E7654, EA8 

Lavas ~n Group 2:- E7427, E7429, E7430, E745B 

Table 10,10: Trace Element Character1st~cs of the 

Two Groups of Extrusive Basalts 

from E~gg 
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1 

2 

3 

4 

5 

Rhum Groups Zr y Sr Cu N~ 

Pebbles older GroJp 1 E~gg Canna lavas Lowest Sr Group 1 E~gg Group 1 E~gg 
than Group 2 

Some Canna 
and samples and and 

pebbles 
some pebbles (~ e some of some Canna some Canna 

E~gg Group 1) lavas lavas 

Ol~v~ne bas- Group 2 E~gg Canna lavas Canna lavas Canna lavas Poss~bly 

alts from or Canna lavas (except Canna lavas 
posswly EM9868 -

very h~gh Sr) 

Orval Group 1 E~gg Canna lavas Canna lavas Group 1 E~gg Canna lavas 
hawa~~tes and and 

Canna lavas some Canna 
lavas 

D~fferent~als Quartz thole~- Quartz thole~- Some Canna Some Canna Muck and 
from Blood- ~te (Canna ~te (Canna hawa~~te hawa~~tes and Canna mugea-
stone H~ll pebble) and pebble) lavas quartz thole~- r~tes 

and F~onchra other Canna ~te (Canna 
pebbles pebble) 

Iceland~tes None E~gg Iceland- E~gg Iceland- E~gg Iceland- E~gg Iceland-
from Blood- ~te pebbles ~te pebbles ~te pebbles ~te pebbles 
stone H~ll 
and south 
F~onchra 

--·-- ~----~-·-· -

Table 10 11 Summary of the Compar~son of the E~gg, Muck and Canna extrus~ves 
w~th the Rhum lavas (trace elements) 

Cr 

Some Group 1 
E~gg (lower 
Cr samples) 

and 
some Canna 

pebbles 

Poss~bly 

Canna lavas 

Canna lavas 

Muck mugea-
r~tes 

E~gg Iceland· 
~te pebbles 

----

c.., 
Q 
Q 



Rhum Groups Ba Nb Zr y Sr Rb Nl. 

Pebbles older EJ.gg samples MaJorJ.ty of Lowest Zr MaJOrJ.ty of Lowest VarJ.able Z..1aJOrJ.ty 
1 than Group 2 samples samples samples Sr samples lJ.ke some of samples 

Muck samp-
les 

2 
Oll.VJ.ne Few of Uuck None None None Few of Muck None None 
basalts basalts basalts 

Orval Some Muck MaJorJ.ty of Lowest Zr MaJorJ.ty of HJ.ghest Sr Some !-luck Lowest NJ. 

3 
hawaJ.J.tes basalts samples basalts samples basalts and basalts basalts 

and hawaJ.- hawaJ.J.tes and hawaJ.-
J.tes J.tes 

DJ.fferentJ.- None Quartz FaJ.rly sJ.ml.- FaJ.rly Quartz thol- None None 
ates from tholeJ.J.te lar to sJ.mJ.lar to eJ.J.te (Muck) 

4 Bloodstone (Muck) quartz thol- quartz thol-
HJ.ll and eJ.J.te (Muck) eJ.J.te (Muck) 
FJ.onchra 

IcelandJ.tes * * * * * * * 
from Blood- Iceland-

5 stone HJ.ll J.tes of 
and south Muck 
FJ.onchra 

* IcelandJ.tes of Muck only analysed for Nl. and Cr 

Table 10 12 Summary of the ComparJ.sons of BasJ.c ~nor IntrusJ.ons WJ.th Rhum Lavas 

(trace elements) 

Cr 

MaJOrJ.ty 
of samples 

None 

Lowest Cr 
basalts 
and hawaJ.-
J.tes 

None 

* 
Iceland-
J.tes of 
Muck 

c.,..:) 

Q ...... 
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Muck trend Canna trend Ardnamurchan 
cone sheets 

trend 

(M1ldly alkaline) (Skye S102-r1ch {tholei1hc) 
trend) 

BASALTS E7429 (2) E7427 (2) E7636 (1) 

E7430 (2) E7467 (1) E7649 (1) 

E7458 (2) E7469 (1) E7654 (1) 

EAB (1) 

HAWAIITES & 
BASAL TIC E7479 (2) E7662 (1) 
ICELANOITES 

EA21C (1) 

MUGEARITES & - E7412 EA218 
ICELANDITES 

E7471 EA24B 

EA29 EA24D 

Note:- (1) or {2) 1nd1cates Group to wh1ch sample belongs 

as def1ned by maJor and trace element geochem1stry. 

Table 10,13: Trends followed by the Aphyr1c and Sparsely Porphyr1t1c 

Extrus1ves of Eigg on Total Alkalis versue Sil1ca 

Diagram 
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Skye dyke swarm Bas~c M~nor Intrus~ves 

of E~gg, Muck and Canna 

s~D2 44.28 - 49.92 46.D6 - 49.45 

Al2D3 13.4D - 20.72 13.59 - 15.52 

Fe2D3 1.5D - 3.82 1.50 - 1.64 

FeD 5.33 - 11.9D 9.46 - 12.06 

MgD 6.07 - 11.83 8.98 - 13.15 

CaD 10.31 - 13.42 9.96 - 13.34 

Na2o 1.44 - 2.75 1.91 - 2.94 

K2o 0.04 - 0.45 o.o8 - o.3D 

h02 0.37 - 1.38 0.98 - 1.52 

MnO 0.10 - 0.23 0.18 - 0.24 

P205 o.o5 - 0.14 o.o7 - 0.15 

Total Alkalis 1.55 - :3.13 1.99 - 3.42 

Nb 0 - 9 2 - 8 

Rb 0 - 8 0 - 12 

Sr 95 - 276 128 - 334 

y 8 - 37 11- 43 

Zr 20 - 83 40 - 89 

h/Zr 100 - 144 95 - 203 

Y/Zr 0.25 - 0.66 o.l9 - o.53 

N.B. MaJor element ranges quoted as we~ght per cent ox~de. 

Trace element ranges quoted as parts-per-m~ll~on element. 

Table 10.14. MaJor and Trace Element Concentrat~ons ~n Samples 

belong~ng to the Preshal Mhor Magma Type 



N B 

Skye dyke swarm Bas1c M1nor Intrus1ons 
of E1gg, Muck and Canna* 

S1.0 2 45 73 - 47 79 45 83 - 48 90 (50 7 Q) 

Al 2 o 3 13 86 - 17 15 13 81 - 15 36 (17 27) 

Fe 2o 3 1 50 - 2 11 1 47 - 1 60 (2 00) 

FeO 8 42 - 12 11 9 12 - 13 29 

MgO 5 26 - 7 95 6 95 - 11 64 

cao 6 99 - 9 73 9.96 ( 8 65) - 12 10 

Na 2 o 2 72 - 4 23 2 42 - 3 07 ( 4 4 2) 

K
2

0 0 36 - 0 68 0 15 - 0 37 (1 37) 

T1.0 2 1 04 - 2 00 1 18 - 1 71 (2 30) 

MnO 0 14 - 0 23 0 16 - 0 30 

P205 0 12 - 0 32 0 10 - 0 21 (0 47) 

Total 
Alkall.S 3 08 - 4 91 2 77 - 3 42 ( 4 96) 

Nb 4 - 7 2 - 7 ( 10) 

Rb 0 - 11 0 - 10 ( 13) 

Sr 267 - 570 128 - 334 

y 25 - 35 11 - 29 

Zr 68 - 95 50 - 89 

T1./Zr 90 - 131 95 - 203 (212) 

Y/Zr 0 30 - 0 42 0 19 - 0.35 
------- -

MaJor element ranges quoted as we1.ght per cent ox1.de 
Trace element ranges quoted as parts-per-m1.ll1.on element 

-
Bas1c Extrus1ves 
of E1gg, Muck and Canna* 

46 24 - 49 06 (49 23) 

14 39 - 15 55 (16 39) 

1 47 - 1 56 ( 2 02) 

9 18 - 10 71 (11 76) 

6 35 - 11 28 

10 40 ( 7 6 7) - 11 28 

2 41 - 3 13 ( 3 3 3) 

0 16 - 0 48 ( 1 85) 

1 25 - 1 53 (1 99) 

0 19 - 0 21 ( 0 26) 

0 12 - 0 20 ( 0 6 3) 

2 57 - 3 61 ( 5 18 ): 

4 - 6 

2 - 7 

272 - 362 

15 - 27 

66 - 86 (88) 

99 - 118 (136) 

0 22 - 0 31 
--

* F1.gures 1.n brackets are ranges 
(where d1.fferent) 1.f hawa1.1.tes 

Table 10 15 
are 1.ncluded 

MaJor and trace element concentrat1.ons 1.n samples 
belong1.ng to the Fa1.ry Br1.dge magma type 

~ = ~ 



1 

2 

3 

4 
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j 

1 2 3 4a 4b 4c 

s~o2 73.83 71.47 61.71 65.38 69.33 67.55 

A12o3 12.24 13.54 15.30 15.99 15.72 14.62 

FeD 2.14 4.57 4.89 3.45 l.lD 3.22 

MgD o.78 0.35 2.09 1.01 0.41 1.oo 

CaD 2.45 1.19 3.54 2.69 0.57 1. 71 

Na2o 2.92 4.54 4.53 4.60 4.58 4.67 

K2D 4.18 2.91 4.68 4.03 6.34 4.56 

r~D2 0.28 o.51 1.50 1.29 0.75 1.05 

MnO 0.09 0.24 o.n o.l4 o.o5 0.33 

P2D5 0.33 o.o3 0.63 0.36 0.12 0.24 

Ba 968 61 1568 2295 1013 1904 

Nb 22 41 16 27 33 30 

Zr 447 539 552 594 1021 604 

y 39 9D 43 49 52 60 

Sr 76 8D 298 264 37 179 

Rb 132 112 52 95 108 67 

Zn 100 250 95 105 87 93 

Cu 4 5 12 8 1 2 

Cr 12 lD 8 18 15 ll 

N~ 6 0 3 0 9 17 

Sgorr Sga~leach/Sron La~mrh~ge fels~tes 

Rudh' an Tanca~rd dykes 

Gruhn fals~te 

Sgurr p~tchstones and fels~tes 

a Extrus~ve 

b Intrus~ve 

samples 

samples 

(E7406, E7443, 
EAl) 

(EA43, EA46, 
EA48) 

c Other fels~t~c samples (EA9, E74442, 
EA24C) 

Table 11.1: Average Analyses of the Ac~d Rocks of E~gg 
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wt. % Panteller~te Comend~te Iceland~c rhyol~te 

(Th~ngmuh) 

s~o2 69.81 73.06 74.96 

Al2o3 8.59 9.76 12.55 

FeD* 7.81 5.17 2.66 

MgO 0.10 0.10 o.o2 

CaD 0.42 0.32 o.9o 

Na2o 6.46 5.64 4.41 

K2D 4.49 4.34 3.65 

T~D2 0.45 0.32 0.23 

MnO 0.28 0.13 0.04 

P205 0.13 o.o2 o.o4 

H2o 0.19 o. 72 0.99 

ppm. 

Ba 10 21 1000 

Nb 320 72 26 

Zr 1800 1250 400 

y 145 157 45 

Sr 5 2 120 

Rb 175 143 120 

Zn 440 290 125 

Cu 3.6 4.2 9 

N~ 1.2 - o.7 

Table 11.2. Analyses of Rhyol~tes (Carm~chael et. al. 1974) 



Phenocryst 

Alkal~ feldspar 

Plag~oclase 

Pyroxene 

-- - - --

s~ze Settl~ng rate D~ptance settled (m) 
(em) (m/yr) 

100 yrs 1,000 yrs 10,000 yrs 

0 1 - 0 5 0 1 - 0 5 10 - 50 100 - 500 1000 - sooo I 

I 

0 05 - 0 25 0 2 20 200 2000 

c 0 1 0 2 20 200 2000 

---~ ---- ·--··---- ----

Table 11 3 Crystal settl~ng rates ~n Sgurr magma (after Shaw 1965) 

~ 
Q 
-...} 
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A P P E N 0 I C E S 



APPENDIX l 

SAMPLE NUMBERING 

The sample numbers quoted ~n this thesis differ slightly from 

those used on hand spec~mens and thin sect~ons of the author's mater~al, 

which is at the Department of Geological Sc~ences, University of Durham. 

The numer1c part of the sample ~dent~fier has not been changed, but 

the preced~ng letters have been ~n certa~n cases. The accompany~ng 

table lists these changes. It also ~ncludes approx~mate date of 

collect1on and source for the mater~al not collected by the author. 
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SAMPLE NUNBER FORMATS 

Island Th1.n Sectl.on/ Usage 1.n Date of Collection/ 
Hand Spec1.men Thes1.s Rece1.pt of Sample 

Eigg HE74-- E74-- September 1974 

E6-- E76-- April 1976 

EA-- EA-- August 1976 

Canna HC75-- C75-- August 1975 

C7-- C77-- April 1977 

SR--- SR--- October 1977 1 

T--- T--- September 1977 2 

Cl5, C20 Cl5, C20 October 1974 3 

Muck HM75--- N75--- July 1975 

M76-- M76-- April 1976 

MD--- MD--- April 19764 

01.gh Sgeir SR303- SR303- August 1974 5 

1. Collected by Or. c. H. Emeleus, October 1972. 

2. Collected by Drs. A. Mussett and P. Dagley, Dept. of Geophysics, 

L1.verpool Un1.versity. 

3. Collected by P. MacAllister-Hall, undergraduate at Aberdeen 

Un1.vers1.ty, c. 1974. 

4. Muck dyke samples, collected by R. P. Allwrl.ght, April 1976. 

s. Collected by Mr. D. H. McGaw, Pr1.nc1.pal Keeper of 01.gh Sge1.r 

ll.ghthouse. 



APPENDIX 2 

DETAILS OF THE BASIC MINOR INTRUSIONS 

Geograph1cal locat1on (by gr1d reference, where known), trend, 

th1ckness and any notable features of all the basic m1nor 1ntrus1ons 

examined by the author are g1ven 1n the accompanying tables. A 

spec1al study was made of the dykes of Muck and as a result they 

dom1nate the tables. The dykes and other m1nor 1ntrusions of Canna 

and E1gg were not stud1ed 1n deta1l, but the ava1lable 1nformat1on 

1s 1ncluded. 
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A2.1 Details of bas1c dykes of Muck 

Sample Gud Ref. Trend Th1ckness Notable features 
No. (N x0 E) (m) 

MOl 42207920 160 1.60 

MD2 42217913 141 2.10 

MD3 42237903 153 0.65 

MD4 42337892 153 o.5o-1.90 

MD5 42247887 153 2.00 

1'106 42227880 159 1.15 

MD? 42267864 144 2.40 

1'108 42277864 143 1.40 

MD9 42257861 135 0.60 

MOlD 42207858 164 3.50 

MOll 42067861 162 16.70 

MD12 41987860 147 o.ao-1.50 

MD13 41987857 156 0.70 

MD14 41967858 152 o.ao 

MD15 42357923 160 1.20 O.D4m thick ch1lled 
marg1ns; platey joinhng. 

MD16 42667919 152 1.10 Jo1nt1ng 1n var1ous 
directions. 

MD17 42437918 160 l.BO o.2o-o.30m marg1nal 
ves1cular zone; central 
core - smaller ves1cles 
and platey JOinting. 

M018 42697908 154 1.90 Columnar Jo1nt1ng; 
ves1c1es 1n l1nes para-
llel1ng marg1n. 

1"1019 42717908 145 2.70 

1"1020 42427920 156 o.ao 

M021 42407919 130 0.25 

1'1022 40658019 132 2.25 Tachyl1tic marg1ns; 
b1furcates. 

MD23 40668020 142 0.35 

1'1024 40668021 159 1.10 

1'1025 40678021 142 0.04-0.08 

M026 40238019 144 0.35 

1"1027 40738018 163 0.90 Irregular. 

1'1028 40778017 160 2.00 
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Sample Gr1d Ref. Trend ThJ.ckness Notable features 
No. (N x0 E) (m) 

1"1029 40788017 168 0.10-0.35 Vert1cal JoJ.ntJ.ng 

MD30 40828019 140 6.70 FJ.ne graJ.ned margJ.ns; 
v. altered J.n centre. 

M031 40818020 050 0.30 Cross cuts MD32. 

MD32 40848020 148 2.80 VesJ.cular central part. 

1'1033 40868020 166 2.,20 VarJ.abla orJ.entatJ.on 
of joJ.ntJ.ng. 

1'1034 40878020 154 0.45 VesJ.cular core. 

1'1035 42757924 180 o.2o-2.6o TachylJ.tJ.c margins. 

1'1036 42867926 140 1.oo VesJ.cular core. 

M037 42877928 150 1.60 

1'1038 42787927 158 0.30 

1'1039 42877930 160 0.60 01sappears on entering 
breccJ.a. 

M040 42867932 142 1.40 Subhouzonta1 JOJ.ntJ.ng 
at marg1ns. 

MD41 42867938 150 3.00 

MD42 42817935 148 1.oo 

1'1043 42857932 141 0.50 

M044 42887932 139 1.30 

1'1045 42897941 158 1.50-2.30 

1'1046 42897944 143 2.50 

M047 42957946 162 o.80 

1'1048 42987947 138 7.70 

1'1049 43007950 172 4.80 

M050 43907952 153 0.60 

M051 43017954 151 2.20 

1'1052 43027953 151 1.10 

M053 40327994 165 0.90 HorJ.zontal &: vertJ.cal 
JOJ.nting. 

MD 54 39287962 145 o.l5-D.43 Glassy. 

M055 39287962 161 3.50-8.70 ~Multiple dyke J.ntrusJ.on 
M056 39267970 166 2.70 )along same lJ.ne of 

M057 39247970 166 3.00 )weakness. 

M058 39817989 160 1.10 

M059 39807999 167 1.20 

1'1060 41967866 158 1.70 

M061 41967866 161 3.30 
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Sample Gr~d Ref. Trend Th~ckness Notable features 
No. (N x0 E) (m) 

Pl062 41967866 163 1.90 

Pl063 41967866 163 3.40 

1'1064 41937858 175 0.35 

M065 41947856 169 8.oo 

1'1066 41907858 166 o.2o-o.5o 

PI067 41907857 159 3.80 

1'1068 41897854 148 1.oo 

1'1069 41887852 160 3.50 

1'1070 41887853 152 1.30 

1'1071 41887850 151 1.50 

1'1072 41877848 142 1.30 

1'1073 41867848 152 2.60 

1'1074 41867843 161 9.50 

Pl075 41807837 151 1.50 

M076 41747834 155 1.5D-2.00 

1'1077 43037953 155 1.10 

Pl078 43047953 150 0.40 

M079 41817947 148 2.50 

PIOBO 39477904 167 0.90 

M081 39507902 167 1.10 

M082 39587887 149 1.70 

1'1083 39607886 150 o.7o 

M084 39567895 154 1.20 

MOBS 39677878 0.4 o.o5-0.55 

1'1086 39677888 159 7.40 

MOB? 39787882 167 1.20-1.50 

MOBS 39797882 163 1.50 

1'1089 39807883 155 4.50 

1'1090 39907877 156 2.00 

M091 39927877 157 1.40 

1'1092 39937878 153 0.60 

M093 39917888 173 5.00 

1"1094 39967881 174 1.50-2.00 

Pl095 40027879 162 9.0 

Pl096 40077874 154 0.25 

MD97 40127873 157 2.50 
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Sample Gr~d Ref. Trend Th~ckness ~otable features 
No. {N x0 E) {m) 

1'1098 40167873 170 2.00 

PID99 40227870 159 7.00 

PIDlOO 40207878 159 5.00 

PID101 40327868 146 2.00 

1'10102 40257887 148 1.oo 

PID103 40277890 156 5.50 

1'10104 40557915 154 1.ao 

PID105 41027935 161 1.30 

PID106 40987936 151 0.45 

1'10107 40917935 158 0.90 

MD108 40887933 156 4.30 

1'10109 40787931 153 5.20 

MOllO 40747974 155 1.90 

1'10111 40687927 163 7.80 

MD112 40647926 153 3.20 

PID113 40637922 147 1.50 

1'10114 40637921 172 0.45 

1'10115 40627921 160 0.60 

1'10116 40607921 157 2.20 

1'10117 40597920 156 4.50 

1'10118 40547913 164 0.70 

PID119 40567913 152 2.50 

MD120 42427921 130 0.25 o.o3m thick ch~11ed 
margins; ves~cu1ar. 

1'10121 40967937 167 1.10 10-30cm ch~11ed marg~ns. 

1'10122 40737935 174 1.30 Updomes surround~ng 
Jurass~c sed~ments. 

MD123 40737935 174 5.70 



A2.2 Deta~ls of basic dykes of E~gg 

Sample 
No. 

E7402 

E7403 

E7404 

E7409 

E7414 

E7417 

E7418 

E7435 

E7447 

E7448 

E7449 

E7476 

E7484 

E7602 

E7613 

E7615 

E7626 

E7631 

E7633 

E7636 

E7646 

E7666 

EA38 

EA34 

EA39 

EA40 

Location 

47178864 

46938918 

46928925 

47328750 

46478765 

47968829 

46758468 

48738437 

48778440 

48818444 

47188742 

47878798 

47568662 

47218746 

47168743 

46578698 

46688625 

46668622 

46188594 

48188584 

45978539 

45518461 

" 
45408437 

45238450 

Trend 
(N x0 E) 

153 

153 

153 

? 

? 

? 

'l 

'l 

? 

'l 

'l 

125 

152 

? 

? 

112 

154 

150 

153 

144 

120 

146 

" 
142 

176 

Th~ckness Notable features 
(m) 

0.55 Thermally metamorphoses 
ssr, dyke. 

4.00 V. coarse gra~ned dyke. 

3.50 Bakes sed~ments, dyke 
with s~ll-like exten
s~ons. 

0.50 

? 

3.00 

'l 

'l 

? 

? 

'l 

1.50 

1.10 

'l 

? 

c.6.00 

1.90 

0.66 

o.5o 

0.65 

1.00 

1.50 

Dyke ~n Sron Laimrh~ge 
fels~te. 

Intrudes grey rock. 

Dyke w~th flow alignment 
of feldspars 

Ch~lled marg~ns o.s & 
o.8m w~de 

Plug. 

Cuts K~ldonnan Sheet. 

Cut by K~ldonnan Sheet. 

Cut by K~ldonnan Sheet. 

Intrudes basalts below 
Grey rock only. 

Well-Jo~nted. 

Hor~zontal slab JO~nt~ng. 

v. altered margins. 

V. fine gra~ned + 
abundant feldspars. 

Ves~cular. 

Ves~cular. 

Coarse grained centre; 
v. f~ne gra~ned marg~ns. 

~ Jo~n together 

Jo~nt~ng ~n 3 planes. 

Intrudes basalt but not 
Sgurr p~tchstone. 
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Dykes w~th no hand spec~men 

Location Gr~d Ref. Trend Th~ckness Notable features 
(m) 

Laig Bay 47118868 NNW/SSE o.so 

n 47058882 W/E 1.00-1.20 s~ll-l~ke extens~on. 

" 47808883 NNW/SSE 2.00 Includes a lens of 
sst; ve~ned by quartz. 

" 47708891 WNW/ESE 3.00 s~ll-l~ke extens~ons; 
~nternal ch~lled 

margins. 

II 46898831 NW/SE o.so 

The Nose 46388465 7 c.l.OO Cut off by Sgurr 
p~tchstone. 
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A2.3 Oeta~ls of bas~c sheets and s~lls of E~gg 

Sample No. Locat~on Th~ckness Notable features 
(m) 

E7401 47248851 o.1o-1.oo Glassy marg~ns; lmst. re-
crystallised with o.l7m of 
s~ll. 

E7424 48449130 ? O~es out eastwards; 
~nclined sheet. 

E7446 48558428 ? Tachylitic marg~ns; 
~ncl1.ned sheet. 

E7433 48029087 ? Sphts up ~nto smaller sills. 

E7434 48059085 ? " " " " " 

E7450 48738447 ? K~ldonnan Sheet. 
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A2.4 Deta~ls of bas~c dykes of Canna collected by the author 

Sample Gnd Ref. Trend Th~ckness Notable features 
No. (N x0 E) (m) 

'I 
C7506 Conta~ns xenol~ths of 

fine grained gabbros 
C7507 28080585 c.N/5 Irregular and baked sediments. 

SR247 ..- Cuts agglomerate of 
Garbh Asgarn~sh. 

C7523 27780510 030 1.oo Intrudes conglomerate 
nr. p~er. 

C7524 27810505 020 1.20 Forms E. end of pier. 
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APPENDIX 3 

WHOLE ROCK GEOCHEMICAL ANALYSES 

ADDITIONAL INFORMATION 

A3.1 Sample preparat~on and X-ray fluorescence analys~s 

Samples for analys~s were str~pped of weathered surfaces and 

reduced to fragments a few centimetres ~n max~mum d~mens~on us~ng a 

Cutrock Engineer~ng hydraul~c spl~tter. These fragments were reduced 

to 1 centimetre chips in a Sturtevant 2" x 6" Roll Jaw Crusher. Any 

chips w~th weathered surfaces were removed before the aggregate was 

ground to a fine powder us~ng a Tema Laboratory D~sc M~ll. The 

length of t~me requ~red for the material to reach a f~nely ground state 

var~ed, but usually took between 1 and 4 m~nutes. 

Suff~c~ent powder to form a pellet c. 3 millimetres thick was 

m~xed w~th a few drops of an ~nert organ~c b~nd~ng agent (Mow~ol). 

-2 ( The powder was then compressed at 800 - 900 Kg em 5 6 tons ~nch -2) 

to form a pellet. The pellets were then analysed on a Ph~l~ps PW1212 

automat~c spectrometer fitted w~th a Torrens Industries TElOS Automat~c 

loader. Operat~ng cond~tions were as g~ven by Johannessen (1975). 

The elements s~, Al, Fe, Ca, Mg, Na, K, Ti and P were determ~ned 

us~ng a Cr target and an evacuated tube. Mn was determined separately 

ue~ng W rad~at~on. W rad~at~on was also used to determ~ne the trace 

elements Ba, Nb, V, Sr, Rb, Zn, Cu, N~ and Cr. A mon~tor was included 

dur~ng maJor element analysis to enable use of a 'f~xed count' time 

method for accumulat~on of the counts for the unknowns. This method 

m~nim~ses machine dr~ft and 1natability. 



The data handl1ng method used for the maJor elements 1s described 

1n Chapter 10. In all s1x tray loads of samples {each tray holds lOB 

pellets) were analysed. The f1nally accepted cal1brat1on of the data 

used s1xteen standards for five of the six trays. 8CR1 was om1tted 

from Run 2. The standards used include 8R, DTS, PCCl, Wl, 8CRl, GR, 

G Pl, G2, Gl, GH of the International Standards (!!!Flanagan 1973 

for analyses) The lack of any standards of sim1lar S102 content to 

the basalts and hawaiites that the author ant1c1pated {43% to 50%) 

led to the 1nclus1on of several of the other •standards'. They were 

rece1ved from var1ous sources - !!! Table A3.1 for details. The other 

non-basaltic mater1al used as standards (e.g. DK272, Rl74) was 1ncluded 

to 1mprove the cub1c spline polynomial regress1on. 

The trace elements were processed us1ng the computer program 

TRATIO (written by R. c. o. G111). Th1s program calculates the 

funct1on P/8 - 1, where P is the counts accumulated at the peak pos1t1on 

and 8 is the background counts value. A l1near regress1on 1s performed 

on the functions for a set of samples of known composition {standards). 

The standards used 1n this case were synthetic spiked glasses produced 

by the P1lk1ngton Research Laboratory for use 1n lunar 1nvest1gations 

Brown at al 1970). TRATID also compensates for mass absorption and 

matrix effects by using a scattered background rad1at1on as an internal 

standard. Correct1on 1s made for the 1nterferences of Sr K8 on Zr Ka , 

Rb K8 on Y Ka , and Y K8 on Nb Ka using experimentally determ1ned 

1nterference factors. Nominal detect1on l1mits for the trace elements, 

and the upper l1mit of the standards used, are as given by Johannessen 

(1975). 
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A3.2 Reproduc~b~l~ty of the standards used for major 

element cal~brat~on 

It requ~red s~x tray loads (lOB pellets ~n each tray of the 

Automat~c Loader) to analyse the mater~al from E~gg, Muck and Canna. 

The computer program f~rst performs the cub~c spl~ne polynom~al 

regress~on us~ng the standards for cal~brat~on. It then calculates 

the concentrat~ons of each element for the standards by treat~ng them 

as unknowns. The degree of accuracy by wh~ch they are reproduced 

g~ves an est~mate of the 'goodness' of the cub~c spl~ne polynom~al 

f~t to the data. Table A3.2 g~ves the actual concentrat~ons of each 

element and those calculated by the s~x runs of the XRF data, along 

w~th the mean and standard dev~at~on of the data. 

Runs 1 and 2 were analysed consecut~vely and conta~ned most of 

the Muck dyke mater~al. Runs 3 through 6 were also run consecut~vely, 

but at a later date than runs 1 and 2. These latter runs conta~n 

all the bas~c extrus~ve samples, the ~ntrus~ves of Canna and E~gg, 

the ac~d~c rocks of E~gg and Oigh Sge~r, and a few Muck dykes. 

Reproduct~on for s~o2 ~s good apart from BCRl, GR and GSPl. 

BCRl and GR are est~mated about 2% above the~r actual value, while 

GSPl, for some of the runs, ~s up to 2% below. These d~screpanc~es 

could not be corrected, but they were reta~ned as standards as they 

d~d not seem to grossly affect reproduct~on of the other standards. 

They reproduce fa~rly well for the other elements. 

The other elements are reproduced fa~rly well, w~th the except~on 

of the MgO content of DK272. The quoted value ~s 1.04%, whereas the 

method of analyses used here suggests that ~t should be about 0.65%. 
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Sample Rock Type Locat1.on Analys1.s Relevant 
Reference Method L1.terature 

L5 Basalt W1.edemann FJord, XRF Unknown 
E Greenland 

40524 Maf1.c gabbro Tutquteq-Narssaq Wet chem1.stry Unknown 
gabbros, Greenland 

SK931 Hawa1.1 te 5 5 km N of Portree, Wet chem1stry Thompson 
Skye et al 1972 

OOBl Ol1.v1.ne thole11.te Fast spread1.ng XRF (FeO by Unknown 
centre, East Scot1.a t1.trat1.on aga1.nst 
Sea (3290 m) N/20 cer1c 
56° 23 6' s sulphate) 
30° 39 5' w 

Rl74 Bas1.c nephe hne Marangudz1. (?) Wet chem1.stry Unknown 
syen1.te 

OK272 Unknown South Afr1ca Unknown Unknown 

L - ---- ------ ---

Table A3 1 Deta1.ls of Add1.t1.onal Standards used for Cal1.brat1.on 

Source of 
Mater1.al 

P. E Brown, 
Aberdeen Uruv 

B Upton, 
Ed1.nburgh Un1.v 

J Esson, 
Manchester Un1. v 

B1rm1.ngham Un1.v 

A D Chambers 
(see Chambers 

1978) 

Cape Town Un1v 
South Afr1ca 
(acquHed by 

J G Holland) 

' 

~ 
~ 
~ 



TABLE A3.2 

REPRODUCTION OF THE STANDARDS USED 

FOR CALIBRATION 

Notes: 

x mean of s~x XRF runs. 

c1 standard dev~at~on of s~x XRF runs. 

n.a.- not analysed 
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(a) Reproduct1on for S10
2 

STAN-
XRF RUNS 

ACTUAL - d DARD X 
1 2 3 4 5 6 

8R 38.20 39.38 39.74 38.58 38.47 38.37 38.63 38.86 0.23 

L5 39.24 39.48 39.42 39.37 39.09 39.38 39.17 39.32 0.15 

DTS1 40.50 40.91 40.57 40.23 40.32 40.32 40.35 40.33 0.02 

PCC1 41.90 40.21 40.27 41.80 41.75 41.83 41.85 41.29 o.56 

40524 43.10 43.38 42.80 42.32 42.66 42.65 42.12 42.66 0.54 

SK93l 46.86 46.79 46.76 48.26 47.54 47.95 47.85 47.53 0.15 

8081 50.60 51.46 51.53 51.05 51.61 51.01 51.11 51.30 0.19 

W1 52.64 52.13 52.60 52.28 52.14 52.41 52.21 52.30 o.85 

R174 53.94 52.54 53.08 52.35 52.15 52.33 52.83 52.55 0.28 

8CR1 54.50 56.14 n.a. 56.56 56.54 56.52 56.30 56.41 0.11 

OK272 61.30 60.26 61.20 60.24 60.13 60.34 60.03 60.37 0.34 

GR 65.90 66.25 67.20 65.97 67.01 65.90 65.92 66.38 0.46 

GSP1 67.38 65.73 65.83 65.86 65.55 65.70 66.38 65.84 o.54 

G2 69.11 69.95 68.45 70.23 69.22 69.94 70.22 69.67 0.55 

Gl 72.64 72.95 73.44 72.76 73.84 73.50 72.61 73.18 0.57 

GH 75.80 75.49 75.79 75.56 75.08 75.23 75.73 75.48 0.25 

I 
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STAN- XRF RUNS -
DARD ACTUAL X d 

1 2 3 4 5 6 

8R 10.31 10.31 10.31 10.49 10.45 10.46 10.,42 10.41 o.o1 

L5 0.27 0.29 0.28 0.17 0.17 0.17 0.16 0.21 o.o5 

DTS1 0.24 0.30 o.38 o.18 0.19 o.18 0.20 0.24 o.o4 

PCC1 0.74 o.32 0.29 o.18 o.19 o.18 0.20 0.23 o.o3 

40524 14.77 14.27 14.28 14.38 14.40 14.43 14.29 14.34 0.52 

SK931 15.68 15.74 16.16 16.27 16.48 16.41 16.78 16.31 0.47 

8081 14.41 15.14 15.02 14.92 15.03 15.08 14.75 14.99 0.24 

W1 15.00 15.35 15.13 15.34 15.12 15.29 15.30 15.26 o.o5 

R174 19.27 19.22 19.14 19.10 19.05 19.05 18.90 19.08 o.18 

8CR1 13.61 13.60 n.a. 13.66 13.89 13.75 13.91 13.76 0.15 

OK272 16.38 16.20 16.33 16.12 16.17 16.08 15.90 16.13 0.23 

GR 14.75 14.50 14.47 14.70 14.23 14.19 14.,73 14.47 0.,26 

GSP1 15.25 14.92 14.88 14.87 14.75 14.72 14.63 14.80 o.16 

G2 15.40 15.43 15.25 15.20 15.11 15.21 15.24 15.24 o.oo 

G1 14.04 13.93 14.07 13.97 14.22 14.19 14.03 14.07 0.04 

GH 12.50 12.74 12.77 12.35 12.50 12.53 12.52 12.57 o.os 
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(c) Reproduct~on for Fe2o3 (total ~ron) 

STAN-
ACTUAL 

XRF RUNS - d DARD X 

1 2 3 4 5 6 

BR 12.80 12.61 12.80 12.93 12.84 12.88 12.73 12.80 0.07 

L5 15.82 15.82 15.74 15.85 15.82 15.97 15.82 15.84 o.o2 

DTSl 8.64 9.18 8.11 8.68 8.7o 8.65 8.65 8.66 0.02 

PCCl 8.35 8.80 8.82 8.32 8.29 8.36 8.37 8.49 0.12 

40524 18.62 18.57 18.48 18.13 18.10 17.95 18.04 18.21 0.17 

SK931 15.04 14.50 14.28 14.98 14.94 15.19 14.98 14.81 0.17 

8081 8.96 9.43 9.86 9.21 9.25 9.22 9.14 9.35 0.21 

Wl ll.D9 10.91 l1.22 l1.27 11.41 l1.12 11.30 l1.21 o.1o 

Rl74 7.37 7.29 7.55 7.37 7.35 7.41 7.46 7.41 o.o5 

BCRl 13.40 12.86 n.a. 13.83 13.76 13.88 13.88 13.64 0.24 

DK272 6.61 5.60 5.71 5.54 5.53 5.54 5.56 5.58 o.o2 

GR 4.05 4.24 4.41 4.13 4.24 4.28 4.07 4.23 0.16 

GSP1 4.33 4.34 3.84 4.42 4.32 4.28 4.52 4.29 0.23 

G2 2.65 2.96 3.01 3.1l 3.01 2.95 3.14 3.03 Doll 

Gl 1.94 2.01 1.98 2.04 1.95 1.96 1.94 1.98 o.o4 

GH 1.34 1.54 1.64 1.39 1.60 1.62 1.35 1.53 0.17 
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(d) Reproduct~on for MgO 

STAN- ACTUAL XRF RUNS -DARD X (f 

1 2 3 4 5 6 

BR 13.21 13.16 13.26 13.43 13.42 13.47 13.37 13.35 0.18 

L5 44.21 44.11 44.16 44.10 44.02 44.20 44.08 44.11 o.o3 

DTS1 49.80 50.11 49.57 49.88 49.89 49.86 49.85 49.86 o.o1 

PCC1 43.18 43.56 43.46 43.22 43.15 43.19 43.18 43.29 o.11 

40524 12.01 11.99 11.95 11.30 11.40 11.27 11.28 11.53 0.25 

SK931 4.31 4.25 3.88 4.22 3.93 4.02 4.05 4.06 o.o1 

8081 8.45 8.58 8.67 8.84 8.76 a.85 8.91 a. 77 0.14 

Wl 6.62 6.49 6.54 6.88 6.72 6.72 6.88 6.71 0.18 

R174 1.81 1.75 1.51 1.74 1.60 1.62 1.78 1.67 0.11 

BCR1 3.46 2.78 n.a. 3.18 2.96 3.02 3.14 3.02 0.12 

OK272 1.04 0.66 o.5B 0.66 0.68 0.65 0.64 0.65 o.o1 

GR 2.40 3.01 3.01 2.39 3.13 3.03 2.39 2.83 0.44 

GSP1 0.96 1.07 1.07 1.14 1.07 1.14 1.21 1.12 o.o9 

G2 0.76 0.99 o.a9 1.06 1.02 0.94 1.18 1.01 0.17 

G1 0.38 0.23 0.25 0.40 0.30 0.30 0.37 0.31 o.o6 

GH o.o3 0.11 0.16 o.oo o.o7 o.oa o.o3 o.o8 o.o5 
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(e) Reproduct~on for CaD 

STAN- ACTUAL XRF RUNS DARD -X d 
1 2 3 4 5 6 

BR 13.89 13.96 13.77 13.89 13.83 13.86 13.87 13.86 o.D1 

L5 o.55 0.51 o.57 0.51 o.6o o.59 o.53 0.55 o.o2 

DTS1 0.15 0.11 o.11 0.16 0.15 0.14 0.15 D.14 D.o1 

PCC1 0.51 0.44 0.38 0.51 o.51 0.51 0.52 0.48 o.D4 

4D524 6.17 6.39 6.D8 6.5D 6.32 6.39 6.42 6.35 DoD? 

SK931 6.66 6.47 6.12 6.49 6.5D 6.57 6.56 6.45 D.ll 

BDB1 11.23 11.5D 11.77 11.42 11o41 11.44 11.47 11.5D D.D3 

W1 10.96 10 .. 90 11.,22 11 .. 09 ll.23 ll .. 13 10.99 11.09 0.,10 

R174 4.93 4.83 5.06 5.05 5.04 4.98 5.05 5.00 o.o5 

BCR1 6.92 6.62 n.a. 6.61 6.64 6.61 6.61 6.62 o.oo 

OK272 2.36 2.20 2.30 2.20 2.18 2.20 2.15 0.21 0.60 

GR 2.50 2.49 2.66 2.49 2.54 2.58 2.50 2.48 0.23 

GSP1 2.02 2.05 1.97 2.03 2.05 2.02 2.05 2.03 o.o2 

G2 1.94 2.16 2.33 2.13 2.16 2.15 2.13 2.18 o.o5 

G1 1.39 1.40 1.29 1.37 1.26 1.29 1.37 1.33 o.o4 

GH 0.69 0.71 o.58 0.66 0.61 o.6o 0.66 0.64 o .. o2 
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(f) Reproduct~on for Na2o 

STAN- ACTUAL XRF RUNS 
DARD - a' X 

1 2 3 4 5 6 

8R 3.07 3.22 3.62 3.38 3.43 3.69 3.33 3.45 0.12 

L5 o.56 o.oo o.oo 0.27 o.oo 0.40 o.oo 0.11 0.16 

DTSl o.oo o.o7 o.oo o.oo o.oo o.oo o.oo o.ol o.ol 

PCCl o.oo o.o7 o.oo o.oo o.oo o.oo o.oo o.o1 0.01 

40524 2.60 3.48 2.98 2.68 2.75 2.62 2.55 2.84 0.29 

SK931 4.75 4.75 4.93 5.oo 4.77 4.94 4.80 4.87 o.o7 

8081 3.17 3.06 3.08 3.06 3.05 3.06 3.09 3.07 0.02 

Wl 2.15 2.33 2.36 2.46 2.35 2.28 2.29 2.35 o.o6 

Rl74 2.70 3.26 2.50 2.62 2.52 2.88 2.61 2.73 0.12 

8CR1 3.27 3.29 n.a. 3.21 3.49 3.32 3.25 3.31 o.o6 

OK272 5.26 5.26 5.12 5.01 5.25 5.02 5.24 5.15 o.o9 

GR 3.80 3.46 3.70 3.71 3.73 3.74 3.78 3.69 o.o9 

GSPl 2.80 2.57 2.60 2.49 2.63 2.58 2.72 2.60 0.12 

G2 4.07 3.68 3.67 3.99 4.04 4.00 4.00 3.90 DolO 

Gl 3.32 2.88 3.26 3.26 3.26 3.18 3.31 3.19 0.12 

GH 3.85 3.55 3.72 3.92 3.56 3.50 3.84 3.68 0.16 
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(g) Reproduct~on for K2o 

STAN- ACTUAL XRF RUNS 
DARD - C!' X 

1 2 3 4 5 6 

8R 1.38 1.38 1.40 1.37 1.40 1.39 1.37 1.39 Oo02 

L5 o.o1 o.o1 o.oo o.oo o.oo o.oo o.oo o.oo o.oo 

DTS1 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 

PCCl o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 

40524 o.59 0.59 0.60 0.63 o.62 0.63 0.62 0.62 o.o1 

SK931 0.77 0.68 o.7o o.71 0.72 o.7o 0.73 0.71 o.o2 

8081 0.31 0.40 0.37 0.34 o.32 0.34 0.32 0.35 o.o3 

W1 0.64 0.67 0.64 0.64 0.63 0.64 0.64 0.64 o.oo 

R174 7.90 7.84 7.85 7.81 7. 77 7.81 7.84 7.82 o.o2 

8CR1 1.70 1.68 n.a. 1.73 1.75 1.73 1.73 1.72 o.01 

OK272 5.04 4.96 5.22 5.04 5.16 5.12 4.98 5.08 0.10 

GR 4.50 4.67 4.83 4.47 4.47 4.46 4.50 4.57 o.o7 

GSP1 5.53 5.28 5.23 5.36 5.39 5.34 5.40 5.33 o.o7 

G2 4.51 4.76 4.46 4.63 4.57 4.58 4.60 4.60 o.oo 

G1 5.48 5.43 5.28 5.44 5.45 5.44 5.47 5.42 o.o5 

GH 4.76 4.61 4.73 4.77 4.65 4.74 4.71 4.71 o.o6 
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(h) Reproduct1on for T102 

STAN- ACTUAL XRF RUNS 
DARD 

X (J' 

1 2 3 4 5 6 

8R 2.61 2.72 2.83 2.76 2.74 2.72 2.7? 2.76 0.01 

L5 o.o6 o.o4 o.o7 o.o3 o.o5 o.o5 0.03 o.o5 o.o2 

DTS1 0.01 o.o2 o.o2 o.o2 o.o2 o.o2 o.o2 0.02 o.oo 

PCC1 o.o2 0.02 o.o2 o.o2 o.o2 o.o2 o.o2 o.o2 o.oo 

40524 1.82 1.59 1.57 1.56 1.57 1.58 1.57 1.57 o.oo 

SK931 3.34 3.28 3.22 3.31 3.29 3.33 3.31 3.29 o.o2 

8081 1.45 1.50 1.49 1.47 1.43 1.46 1.44 1.47 o.o3 

W1 1.07 1.11 1.10 1.10 1.09 1.07 1.10 1.10 o.o1 

R174 1.01 1.11 1.16 1.17 1.17 1.16 1.18 1.16 0.21 

8CR1 2.20 2.25 n.a. 2.25 2.29 2.28 2.26 2.27 0.01 

OK272 1.04 1.00 0.97 1.01 0.98 0.99 o.98 0.99 o.o1 

GR 0.65 0.69 o.7o 0.63 0.68 0.68 0.65 0.67 o.o2 

GSP1 0.66 0.66 0.64 0.67 0.68 o.66 0.69 0.67 o.o2 

G2 0.50 o.51 o.54 o.52 0.53 0.52 o.51 0.52 o.o1 

G1 0.26 0.23 0.21 0.26 0.21 0.22 0.24 0.23 o.o1 

GH o.o8 o.o5 o.o4 o.o6 o.05 o.os o.o8 0.06 0.03 



333 

(1) Reproduct1on for MnO 

STAN- ACTUAL XRF RUNS DARD - d X 

1 2 3 4 5 6 

BR 0.20 0.21 u.2o 0.21 0.21 0.21 0.21 0.21 o.oo 

L5 0.21 0.21 0.21 0.21 o.oo 0.21 0.21 0.18 0.04 

DTS1 0.11 0.13 0.13 0.11 0.11 0.11 0.11 0 12 o.o1 

PCC1 o.o1 o.oo o.oo o.o1 o.oo 0.01 0.01 0.01 o.o1 

40524 0.23 0.22 0.22 0.22 0.22 0.22 0.22 0.22 o.oo 

SK931 o.2o 0.18 o.oo 0.18 0.18 0.19 0.18 0.15 o.o3 

8081 0.17 0.16 0.16 0.16 0.16 0.16 0.18 0.16 o.oo 

W1 0.17 0.18 0.17 0.18 0.17 0.18 0.18 0.18 o.oo 

R174 0.14 0.13 0.13 0.14 0.14 0.14 0.13 0.14 o.o1 

BCR1 0.18 0.19 n.a. 0.19 0.19 o.2o 0.19 0.19 o.oo 

OK272 0.24 0.23 0.24 0.24 0.24 0.24 0.23 0.24 o.oo 

GR o.o6 o.oo o.o6 o.o6 0.06 o.o6 o.o6 0.05 0.01 

GSP1 o.o4 0.04 o.o4 o.o4 0.04 0.04 0.04 0.04 o.oo 

G2 Oo03 0.04 o.o3 o.o4 o.o3 o.o3 0.04 o.o4 o.o1 

G1 o.o3 o.oo o.oo o.o3 0.03 0.03 0.03 0.02 0.01 

GH o.o5 o.oo o.oo o.o1 o.oo o.o1 o.o1 o.o1 o.ol 
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STAN- ACTUAL XRF RUNS 
DARD - a' X 

1 2 3 4 5 6 

8R 1.04 1.05 1.05 1.o5 1.04 1.05 1.04 1.05 o.o1 

L5 o.o3 o.o1 o.01 o.01 o.o1 o.o1 o.o1 o.o1 o.oo 

DTS1 o.oo o.oo o.oo o.oo o.oo o.oo o.o1 o.oo o.oo 

PCC1 o.oo o.oo o.oo o.oo o.o1 o.oo o.o1 o.oo o.oo 

40524 0.41 0.49 0.48 0.48 0.48 0.48 0.48 0.48 o.oo 

SK931 0.47 0.42 0.41 0.41 0.40 0.41 0.41 0.41 o.oo 

8081 0.15 0.15 0.15 0.13 o.14 0.14 0.13 0.14 o.o1 

W1 0.14 0.16 0.16 0.16 0.17 0.17 0.16 0.16 o.oo 

R174 0.34 0.40 0.39 0.40 0.40 0.40 0.40 0.40 o.oo 

8CR1 0.36 0.34 n.a. 0.35 0.35 0.35 0.35 0.35 o.oo 

OK272 0.27 0.28 0.27 o.28 0.28 0.28 0.28 0 0 28 o.oo 

GR 0.28 0.27 0.26 o.2a 0.28 0.27 0.28 0.28 o.o1 

GSP1 0.28 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 

G2 0.14 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 

G1 o.o9 o.o8 o.o8 o.o8 o.o8 o.o8 o.o8 o.o8 o.oo 

GH o.o1 o.o1 o.o1 o.o1 o.o1 o.o1 o.o1 o.o1 o.oo 



A3.3 Water content 

Total water content was determ~ned by a gravimetric method. 

Water is dr~ven off the specimen by heating a sample of powder to 

0 
1100 - 1200 C and flushed, by nitrogen, through an absorption tube 

filled with CaC1 2• The d~fference ~n we~ght of the absorption tube 

before and after water absorption allous calculatio~ of the water 

content. 

A total of 17 samples from XRf runs 3 and 4 were analysed for 

total water content. The samples were carefully chosen to cover the 

range of totals seen ~n the ~nit~al analyses. Each sample was analysed 

twice and the average total water content for the samples ~s g~ven ~n 

Table A3.3. 

A plot of the water content against the ~n~tial XRf analysis 

total for each of the 17 samples analysed for water shows little 

correlation between the two values (~ Figure A3.3). One might expect 

that the samples w~th the lowest totals should show the h~ghest water 
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contents. As no such correlation is seen, the range in ~nit~al analyses 

totals must be due to some other factor than water content. 
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Sample Init1al Analysis Total Water 
Number Total Content 

(wt. %) (wt. %) 

SA165 97.91 2.28 

C7548 97.76 0.76 

C754l 102.50 1.41 

C7553 102.10 1.18 

C7515 93.53 2.63 

C7538 102.04 1.32 

C7507 102.62 0.43 

C7599 106.77 1.48 

E7409 99.,66 2.37 

E7403 98.68 1.11 

E7434 102.45 2.84 

E7446 104.00 2.49 

E7406 93.41 2.08 

E7422 96.56 1.66 

E7468 101.44 1.15 

E7429 105.11 2.16 

E7479 108.78 2.59 

Table A3.3: Total water content of 17 samples 



A3.4 Poss~ble anomalous values caused by the cub~c spl~ne 

polynom~al regress~on 

The cub~c spl~ne polynom~al regress~on ~s very sens~t~ve to 

the standards used for the cal~brat~on (pers. comm. A. Peckett, 1978). 

Thus extrapolat~on beyond the range of concentrat~ons of the standards, 

or ~nterpolat~on between standards of greatly d~ffer~ng compos~t~ons, 

may lead to erroneous est~mates of the concentrat~ons for unknown 

mater~al. The compos~t~onal ranges of each ox~de for the standards 

used and the unknowns quoted ~n th~s thes~s are given in Table A3.4.1. 

In all cases, the lower l~m~t of the unknown data ~s greater than 

that of the standards. w~th the exception of MgO, there are few 

s~gn~f~cant gaps ~n the range of compos~t~ons of the standards for 

the var~ous ox~des. Thus ~t ~s predom~nantly ~n the h~gher concentra

t~ons of each ox~de that anomalous concentrat~ons could ar~se. For the 

analyses from E~gg, Muck and Canna, the major elements affected are 

Al2D3, Fe2o3 , T~D2 , MnO and P2o5 • 

Several add~t~onal samples (potential standards) of known 

compos~t~on were ~ncluded as unknowns ~n several of the analysis runs. 

Some of these show, for certa~n ox~des, concentrations ~n excess of 

the ava~lable standards. They were, however, not ~ncluded as standards 

because they d~d not reproduce well for all ox~des and, ~n some cases, 

adversely affected the cub~c spl~ne polynom~al regress~on so that the 

Internat~onal Standards fa~led to reproduce w~th suff~c~ent accuracy. 

However, they can be used as a gu~de to the qual~ty of analyses wh~ch 

conta~n oxides ~n excess of the standard concentrat~on ranges. 

Table A3.4.2 l~sts the measured and actual concentrat~ons of certa~n 

of these samples for the f~ve ox~des noted above as be~ng poss~ble 

sources of error at h~gh concentrat~ons. 
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Reproduct~on of the T~o2 and P2o5 concentrat~ons for the samples 

selected is good, desp~te the fact that the concentrat~ons {measured 

and actual) are ~n excess of the upper l~m~t of the standards. Thus 

concentrat~ons of these two ox~des above the upper l~mit of the 

standards {as h~gh as 4.71% T~02 and 3.14% P2o5 at least) are probably 

reasonably accurate. For MnO, reproduct~on of the chosen samples, 

wh1ch show concentrat~ons ~n excess of the range of the standards, ~s 

var~able, and usually rather lower than the actual concentrat1on. 

Thus MnO contents much above 0.25% must therefore be a l~ttle suspect. 

Only one of the add1t1onal samples of known compos~tion shows 

total ~ron 1n excess of the standards. The measured concentrat~on ~s 

rather h1gher than the actual, and thus analyses quoted here~n w~th 

total ~ron contents greater than 18.62% may well be higher than the 
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true concentrat1on. For Al2o3 , there are two samples w1th concentrat~ons 

1n excess of the standards. In both cases, the measured concentrat1ons 

are lower than actual. Thus analyses w~th h~gh Al2o3 contents 

{c.20%) must be treated w~th caut~on. 

There is a problem w1th MgO ~n that there were no su~table 

standards ~n the range 14 to 43%. Only one of the add~tional samples 

has an MgO content ~n th1s range, and 1t reproduces very badly - 18.90% 

as opposed to an actual concentrat~on of 23.27%. Unfortunately, there 

was ~nsuff~c~ent t~me to obta~n, or make, ~ntermed~ate standards, 

and than rerun any samples with MgO contents in th~s range. Thus any 

analys~s w~th an MgO concentrat~on of between 14% and 43% may well be 

1n error by an unknown amount. 

The l1ghter elements {s~, Al, Mg and Na) all proved problemat~cal 

dur~ng development of the method of processing the raw data (pars. 

comm. A. Peckett, 1980) No mass absorpt1on correct1on could ~mprove 



the s1mple counts versus percentage of the standards. Th1s was 

part1cularly true of Al and Na, and as a result no mass absorpt1on 

correct1on was appl1ed to these data. It 1s known that the borate 

fus1on method of sample preparat1on g1ves more rel1able analyses 

for these l1ghter elements than the pressed powder method used for 

the author's analyses. 
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STANDARDS UNKNOWNS 

Sl.02 38.20 - 75.80 44.48 - 75.34 

Al2o3 0.24 - 19.27 11.35 - 20.59 

Fe2o3 1.34 - 18.62 6.87 - 19.10 

MgO o.o3 - 49.80* o.1e - 14.94 

CaD 0.15 - 13.89 o.51 - 13.34 

Na2o o.oo - 5.26 1.11 - 5.01 

K2o o.oo - 7.90 o.o3 - 7.40 

T1.02 o.ol - 3.34 o.n - 3.63 

MnO o.ol - 0.24 o.o2 - o.3e 

P205 o.oo - 1.04 0.03 - 1.43 

* There 1.s a gap 1.n the MgO contents of the standards 

between BR (13.21) to PCCl (43.18). 

Table A3.4.1: Ranges of Standards and Unknowns 

for Each Element 

341 



342 

OXJ.de Upper lJ.mJ.t Sample l'fleasured Actual 
of standards number concentratJ.on concentratJ.on 

Al2o3 19.27 85964 21.40 23.78 

R28 22.46 23.09 

Fa203* 18.62 30684 22.05 19.60 

Tl.02 3.34 30684 4.38 4.71 

40551 3.71 3.76 

!'finO 0.24 SK942 0.17 0.26 

SK981 0.24 0.25 

SK986 0.25 o.28 

27099 0.25 0.26 

P205 1.04 85995 1.05 l.OB 

30684 3.13 3.14 

Table A3.4.2: ConcentratJ.ons (actual and as measured at 

Durham) of Selected OxJ.des for Samples of 

Known ComposJ.tJ.on 



A3.5 Effects of re-summing analyses to 100% 

Four samples for the lavas of Skye (SK894, SK971, SK981 and 

SK986}, for which analyses have been published (~ Thompson et al 

1972),were analysed as unknowns. The quoted analyses were done by 

wet chemical methods at Manchester Un1vers1ty. The FeO and Fe
2
o

3 

contents of the literature analyses were recalculated to total iron 

(as Fe2o3) pr1or to compar1son w1th the analyses done at Durham by 

X-ray fluorescence. The Durham analyses used for comparison are the 

1nitial analyses before recalculation of iron. The greatest dis

crepancies are seen 1n Sio2 , Al2o3 and MgO. 

The effect of re-summ1ng any analysis to 100% is to express 1t 

only in terms of the ox1des listed. In the case of the XRF analyses 

from Durham this excludes water content (among other oxides}. 

Although the water content of the Manchester samples is known, 1t was 

not measured for most of the samples analysed at Durham. Thus to 

realist1cally compare the re-summed Durham analyses, the literature 

analyses must also be recalculated to exclude water (and any other 

ox1des not analysed at Durham}. The four sets of analyses thus 

acquired for these Skye lavas (Manchester wet chemical, Manchester 

wet chemical re-summed, Durham initial analyses and Durham analyses 

re-summed) are listed 1n Table A3.5. 

Overall, there 1s a slight improvement in the Durham analyses 

compared with the anhydrous Manchester analyses, when the former are 

re-summed to 100%. The greatest absolute error 1s 1n Si02, and re

product1on of th1s ox1de 1s, as expected, always 1mproved by re-summ1ng. 

Greatest relative errors are 1n MgO and Al2o3 (A. Peckett, pars. comm. 

1978}. In only one of the four samples (SK986} does the re-summation 
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procedure show an 1mprovement 1n reproduct1on of the quoted Al2o
3 

value. Two of the four (SK894 and SK98l) show an improvement in the 

reproduct1on of the quoted concentrat1ons for ~go, when recalculated 

to 100%. 
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Table A3.S: Analyses of Skye lavas 

Notes: 

Q Manchester analys1s, as quoted in 

Thompson et al (1972) 

Q1 As Q but re-summed to 100% (excluding water etc.) 

0 In1t1al Durham analysis 

D' As D but re-summed to 100% 
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SK894 

Q Q' D D' 

S1.0
2 

46 15 47 17 45 55 46 93 

A1
2

0
3 

13 72 14 02 14 73 15 17 

Fe
2
o

3
'* 12 22 12 49 12 20 12 57 

MgO 11 73 11 99 10 59 10 91 

CaO 9 20 9 40 9 32 9 56 

Na
2

0 2 47 2 52 2 94 3 03 

K
2

0 0 55 0 56 0 53 0 54 

T1.02 
1 42 1 45 1 13 1 16 

MnO 0 18 0 18 0 18 0 18 
I 

I 

p 2°5 0 19 0 19 0 15 0 16 
I 

- ~- -- -- -- ------ -

SK971 

Q Q' D 

46 94 47 08 47 94 

17 15 17 20 17 29 

13 02 1306 14 23 

7 6 9 7 71 7 42 

9 73 9 76 10 19 

3 01 3 02 3 60 

0 43 0 43 0 40 

1 37 1 37 1 47 

0 19 0 19 0 19 

0 18 0 18 0 20 

- - --- -

D' 

46 58 

16 80 

13 83 

7 21 

9 90 

3 49 

0 39 

1 42 

0 18 

0 20 

-------

~ 
~ 
~ 



SK981 

Q Q' D 

S1.0
2 

45 08 45 54 47 86 

A1
2
o

3 
15 62 15 78 15 43 

.. 
Fe

2
o

3 
17 25 17 42 18 86 

MgO 5 59 5 65 6 93 

CaO 7 93 8 01 8 38 

Na
2
o 3 21 3 24 3 21 

K
2

0 0 97 0 98 0 88 

T1.0
2 

2 77 2 80 2 83 

MnO 0 25 0 25 0 24 

P205 0 33 0 33 0 30 

- - -

D' Q Q' 

45 61 58 18 59 13 

14 70 16 49 16 76 

17 97 8 69 8 83 

6 61 0 94 0 96 

7 99 2 88 2 93 

3 06 5 98 6 08 

0 84 3 48 3 54 

2 72 0 81 0 82 

0 23 0 28 0 28 

0 28 0 66 0 67 

----- ~ 

SK986 

D 

56 34 

14 57 

872 

1 41 

2 88 

5 34 

3 40 

0 81 

0 25 

0 29 

D' 

60 12 

15 53 

9 30 

1 48 

3 07 

5 69 

3 62 

0 86 

0 27 

0 31 ' 

I 

~ 
~ 
-...} 



APPENDIX 4 

ANALYSES OF SKYE AND RHUM LAVAS DONE AT 

MANCHESTER AND DURHAM 

The accompany1ng Tables list the analyses of the Skye and Rhum 

lavas. Columns headed by 'Wet cham.' s1gnify analyses performed by 

wet chemical methods at Manchester Un1vers1ty Geology Department. 

The analyses have been recalculated to lOD% (H20 free) and the FeO 

+ Fe2o3 has been expressed as total 1ron (Fe2o3) 

the Skye lavas. 

This applies to 

Columns headed by 'Durham' are analyses done by X-ray fluore-

seance at Durham Un1vers1ty Department of Geolog1cal Sc1ences. 

They are the 1n1tial analyses, pr1or to recalculation of the Fe2o3 

(as descr1bed 1n Chapter 10), but re-summed to 100%. 

Columns headed 'XRF' are the analyses of the Rhum lavas dona by 

X-ray fluorescence techn1ques at Manchester Un1versity Department of 

Geology. These have been re-summed to 100%. 

N.B. 
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SK894 

Wet chem Durham 

S10
2 

47 17 46 93 

M203 14 02 15 17 

Fe
2
o

3
Jir:. 12 49 12 57 

MgO 11 99 10 91 

CaO 9 40 9 56 

Na
2
o 2 52 3 03 

K
2

0 0 56 0 54 

T10
2 

1 45 1 16 

MnO 0 18 0 18 

I 
P205 0 19 0 16 

I 

SK971 SK981 

Wet chem Durham Wet chem Durham 

47 08 46 58 45 54 45 61 

17 20 16 80 15 78 14 70 

1306 13 83 17 42 17 97 

7 71 7 21 5 65 6 61 

9 76 9 90 8 01 7 99 

3 02 3 49 3 24 3 06 

0 43 0 39 0 98 0 84 

1 37 1 42 2 80 2 72 

0 19 0 18 0 25 0 23 

0 18 0 20 0 33 0 28 

Table A4 1 Analyses of Skye Lavas 

Wet chem 

59 13 

lb 76 

g 83 

0 96 

2 93 

b 08 

3 54 

0 82 

0 28 

0 67 

SK986 

Durham 

60 12 

15 53 

9 30 

1 48 

3 07 

5 69 

3 62 

0 86 

0 27 

0 31 

I 

I 

I 

Col.:) 

~ 
~ 



! 
SR244C SR244D SR244E 

XRF Durham XRF Durham XRF Durham 

S10
2 

47 70 47 94 46 78 46 97 46 23 46 81 

Al
2
o

3 
15 52 13 37 16 44 14 51 16 27 14 38 

.,. 
Fe203 12 71 12 18 12 91 12 26 12 99 12 26 

MgO 8 94 12 12 8 07 11 27 7 45 10 66 

CaO 11 31 10 29 11 22 9 82 12 76 11 24 

Na
2
o 1 62 2 20 1 61 2 29 1 78 2 46 

K
2

0 0 49 0 19 0 75 0 75 0 48 0 12 

T10
2 

1 32 1 37 1 80 1 81 1 59 1 65 

MnO 0 21 0 18 0 20 0 16 0 27 0 28 

P205 0 18 0 13 0 22 0 16 0 18 0 13 

Table A4 2 Analyses of Rhum Lavas 

SR244F 

XRF Durham 

46 93 46 84 

16 76 14 50 

13 20 12 67 

8 80 12 05 

11 01 10 08 

1 33 2 16 

0 50 0 24 

1 12 1 20 

0 19 0 16 

0 16 0 10 

SR244G 

XRF Durham 

48 08 48 24 

16 24 15 01 

11 14 10 15 

6 31 9 36 

12 48 11 35 

2 21 2 65 

0 54 0 35 

2 42 2 34 

0 31 0 33 

0 27 0 22 

I 

I 

I 

~ 
~ 
0 



SR157 SR217 

XRF Durham XRF Durham 

s~o2 44 21 44 13 43 70 43 70 

Al
2

0
3 

16 68 14 55 16 39 14 24 

'* Fe
2
o

3 
14 39 14 95 14 97 15 14 

MgO 8 21 11 14 8 50 11 75 

CaO 11 41 10 33 11 46 10 32 

Na
2
o 2 68 2 39 2 04 2 38 

K
2

0 0 03 0 16 0 48 0 13 

T~02 1 99 1 96 2 00 1 94 

MnO 0 19 0 21 0 23 0 21 

P205 0 21 0 17 0 22 0 17 

Table A4 2 (cont~nued) 

DU9868 DU9873 

XRF Durham XRF Durham 

44 80 45 28 45 99 46 31 

16 48 14 38 16 89 14 88 

15 73 15 83 15 91 16 30 

6 59 9 27 4 61 7 20 

10 35 9 14 10 16 9 10 

2 40 2 48 2 91 2 73 

0 28 0 43 0 48 0 61 

2 73 2 63 2 52 2 44 

0 17 0 18 0 19 0 17 

0 47 0 38 0 34 0 26 

DU13847 

XRF Durham 

47 72 47 52 

17 94 16 36 

13 74 14 12 

3 19 572 

9 15 8 59 

4 84 4 40 

0 59 0 67 

2 21 2 12 

0 18 0 19 

0 44 0 31 

I 
I 

I 
I 

~ 
c:.n 
~ 



DU13848 SR165 

XR.F Durham XRF Durham 

s~o2 47 37 47 50 49 30 49 05 

A1
2

0
3 

17 71 15 65 14 47 13 26 

Fe
2
o

3 
* 14 43 14 53 18 01 18 08 

MgO 4 04 7 13 3 00 5 24 

CaO 8 81 8 05 8 15 7 27 

Na
2
o 4 49 4 03 2 60 2 69 

K
2

0 0 53 0 62 0 99 1 11 

T~02 2 08 204 2 71 2 65 

MnO 0 18 0 19 0 21 0 23 

P205 0 38 0 27 0 56 0 42 

Table A4 2 (cont~nued) 

SR237 DU9871 

XRF Durham XRF Durham 

51 70 51 08 51 07 51 14 

15 27 13 00 14 62 1304 

14 51 16 67 15 86 16 36 

3 05 4 61 2 68 4 83 

8 05 7 50 7 92 7 21 

3 79 3 32 3 89 3 41 

0 87 0 96 1 06 1 17 

2 07 2 29 2 24 2 29 

0 18 0 22 0 20 0 21 

0 50 0 33 0 45 0 35 

SR230 

XRF Durham 

53 87 58 11 

16 89 16 46 

11 00 10 36 

2 42 3 97 

5 27 5 13 

4 57 4 91 

2 95 0 17 

1 98 0 09 

0 16 0 17 

0 88 0 62 

I 

I 

I 

~ 
~ 

N 



SR232 

XRF 

S1.0
2 

56 06 

Al
2

0
3 

15 44 

Fe
2
o

3 
.. 10 80 

MgO 1 75 

CaO 5 60 

Na
2
o 4 81 

K
2
o 2 67 

T1.0
2 

1 85 

MnO 0 17 

P205 0 85 

-- -

Table 4 2 Ccont1.nued) 

Durham 

58 62 

14 90 

10 49 

3 07 

5 21 

4 81 

0 22 

1 93 

0 18 

0 57 

DU13852 

XRF Durham 

57 26 57 46 

15 22 14 44 

10 19 9 48 
I 

I 

1 80 3 31 
I 

I 

5 25 5 13 

4 53 4 57 

2 62 2 47 

1 94 1 99 I 

0 21 0 23 
I 

I 

0 99 072 

I 

~-------

c.r.:J 
~ 
c.r.:J 



APPENDIX 5 

ANALYSES OF EXTRUSIVE BASIC SAMPLES FROM EIGG, 

MUCK AND CANNA 

NA - analys1s not ava1lable for th1s element. 
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AS 1 1 CXfRUSIVE BASALIS tHOM LIGG 

L7413 L7422 t7427 t7429 

WI Q. 
a 

SI02 4 7. ~)9 45.45 47.02 45 SJ 
AL203 14.48 14.Ll8 15 61 14.51 
1:1:..203 1 49 1. 57 1 45 1. 45 
FCO 10 87 11.94 13 12 14.87 
MGO 10.63 8.35 7 34 8.17 
CAO H.1 81 12 93 8 86 8. 7~l 
NA20 2.30 2 34 3 13 2.~2 
K20 0.35 0. 37 0 45 0 45 
'I 102 1. 59 2 05 2 ~6 2 81 
MNO 0.20 0 25 0.1Si 0 21 
P2U5 0.19 0 21 0.20 0. 31 

PPM 

BA 179 209 254 284 
NB 5 5 6 ' u 

ZH 112 128 189 184 
y 25 27 37 37 
SH 332 371 508 .151 
nB 6 4 4 9 
ZN 81 7b l>5 94 
cu 6b 26 17 42 
NI 220 1~8 49 41 
Ck 599 645 45 70 

CIPW NOKMS 

Q£ - - - ..,. 

OR 2 1U 2.20 2.70 2 70 
AB 19 su 12.70 26.50 24.20 
AN 28.20 27.90 27 20 25 2P 
NE - 3.90 - 0.30 
DI 19 70 28.90 12.50 13.30 
HY 2.50 - 2. 5 ~) -
OL 22.40 17.80 :?1.10 26.30 
MG 2 2C 2 30 2 10 2.10 
IL 3.Dtl 3.90 4.90 5.30 
AP 0.40 0 50 0.60 0.70 
D. I 21 50 18 70 29.10 27.10 

L743U E7432 E.7444 

45.31 46.36 4iL Sl 
15.46 14.61 14.89 
1. 46 1. 56 1. 53 

14.30 11.19 ::!.43 
7 88 11 20 10.62 
8.88 10.61 10.19 
3.27 2.16 2.52 
0.43 0.36 0.80 
2.57 1 58 1.15 
0.20 t, 19 0.1b 
0.25 0 lSI 0.18 

252 207 375 
11 8 4 

167 124 104 
30 23 19 

520 990 387 
7 5 1~ 

85 71.3 70 
20 10 115 
20 138 304 
23 520 798 

2.50 2. HJ 4 .,70 
21 90 18.30 21 30 
26 20 29. Hl 27.00 

3. HJ - -
13.40 18. HJ 18.20 

- l. 50 2.40 
25.20 25.20 21.50 

2 HJ 2.30 2.20 
4.90 3.00 2.20 
0.60 0.40 0.Ll0 

27 60 20 40 26 100 

E7458 L7459 

46 02 45.79 
16.25 14 98 

1. 46 1. 48 
13.90 14.3~ 

6 96 8 43 
b 67 8.61 
3 27 2.82 
0.41 0.49 
2.60 2 57 
0 21:'i 0 20 
0.2~ 0 30 

266 lOGS 
10 10 

178 186 
33 37 

529 512 
l 7 

.::!'1 88 
13 35 
12 38 
24 6SJ 

2.40 2.90 
25.70 23.80 
28.:,0 26.80 
l. 00 ..,. 

10.80 11. S0 
= 0.90 

23.90 26 2U 
2 10 2.10 
4.90 4.90 
0.G0 0.70 

29.20 26.70 

L7460 

47.9Y 
1:., 36 
1. 99 
3.65 
8.82 

11.43 
3.3:-J 
0 60 
1 41 
0.20 
~ 16 

.-:62 
~ 

104 
2~ 

Jb~ 
9 

71 
51 
80 

365 

3 50 
19 7kl 
24 9~ 

4 90 
25.01) 

-
1G.10 

2 90 
2.70 
0.40 

28.10 

w 
tn 
c.n 



AS 1 1 EXfHUSIV~ BASALTS fkOM ~IGG 

t 74 G1 ~74'13 L74fi4 1::.7465 

w l % 

SI02 47 17 47.21 45.62 46.14 
AL203 13 54 13.S1 14 95 15.95 
ft203 1 58 l. 51 l. Ll7 l. 50 
FEO 11 1Y 10.98 12.30 11.00 
MGCJ 13 55 12.16 10.85 10.11 
CAO 8 65 10 OS 10.42 10.66 
NA20 2.27 2.49 2.26 2 69 
E\20 0.41 0.30 0.15 0 16 
TI02 l. 31 l. 45 l. 62 1 42 
MNO u.1Y 0.19 0. 21 0.20 
P205 0 15 0.10 0 1G 0 1:, 

PPi'1 

BA 11J5 14S ()3 79 
NB 4 1 1 4 
Zk 97 100 114 103 
y 19 18 23 27 
SH 592 254 270 286 
RB 4 5 5 4 
ZN 7'-:J 84 86 77 
cu 77 101 162 182 
NI 856 547 403 303 
CR 1(l7Ci 1439 347 269 

C.IPW NORMS 

oz = 
OR 2 40 1 80 0 ~0 0 • ~:HJ 
AB 19 20 21 10 18.70 1~.10 
AN 25.50 24.80 3 0. 2(1 31.1:10 
NE - - 0.20 2.00 
Dl 13 30 19.50 16.70 17 1~ 
HY 7 20 0.70 = -
OL 27 20 26 ~0 27.70 24 70 
MG 2 30 2.20 2 HJ 2.20 
IL 2 50 2.80 3.10 2 70 
AP 0.4D 0.40 0.40 0.40 
D I 21.60 22 80 19.80 22.00 

L74GG t7467 L74G8 

46.1~ 4~.95 48 02 
15 91 16 10 15.16 

1 4~ 1 48 l. Sil 
11.06 HJ. 87 9. :n 

:> 85 HJ 21 10.45 
10 61 10.89 9 1 o5 

2 72 2.40 2.1 59 
0 2G 0.29 0.86 
1 55 1.45 1.!25 
0.21 0.21 0.20 
0.14 0.14 0 1G 

137 122 411 
6 8 3 

HJ9 91 1u1 
26 19 17 

281 284 274 
3 8 16 

71J 76 76 
S4 113 71 

395 322 43d 
377 430 906 

1. 50 1. 70 5.10 
19.00 17.60 21.90 
30.40 32.30 27 20 

2 2~j 1 40 -
17 40 17 00 16.80 

- - -
24 ou 24 70 24 10 

2 20 2.10 2.2U 
2 SIU 2.80 2 40 
0.30 0 30 0.40 

22 70 20 &0 27 ou 

1::.7469 

47 IJS 
16 k;IJ 
l. 51 

10.16 
8 90 

11.22 
2.82 
(J.:, 7 
l. 43 
0.1Si 
0 1S 

198 
3 

105 
22 

303 
10 
b4 

125 
234 
420 

3.40 
18 30 
29.30 

3 00 
20.70 

-
20.00 
2.20 
1..70 
0.40 

24 10 

!::.7470 

47.64 
1S u1 

1 53 
10.3S! 
~.82 

llJ.2Si 
2 52 
u 82 
1 :,6 
0.19 
0 22 

328 
7 

128 
24 

363 
12 
S9 
82 

377 
820 

4 ()(j 
21 20 
27.20 

-
18.30 

~ 

22.70 
2.20 
3.00 
0.5u 

26.10 

L7473 

48.47 
16 08 
l. 51 

10.68 
7 52 
Si.80 
2 63 
1.16 
l. 69 
0.22 
0 23 

288G 
5 

11S 
24 

375 
29 
83 

113 
92 

1LJS 

6.90 
22.30 
28 6() 

-
15 20 

4.20 
16.Sll; 

2.20 
3 20 u 50 

29 10 

~ 
c.n 
CD 



7.1.5.1 1 EXfHUSIVL BASAL1S IHOM LIGG 

C7474 t7475 L7482 1:.7433 L7486 L7487 J:, 7,4 ~3 L760G L 76 3'1 L7634 

w r % 

SI02 47 94 48 14 48.:56 46 12 47.0~ 47 24 .15.02 46.77 4~ 0~ 46 46 
AL203 15 20 15 95 15.G3 13 91 14.19 14 31 1.1 72 14 43 1~ J7 14 ~1 

i t 203 1 51 1 S3 1 ~1 1 5G l.S2 1 51 1. .19 1. ~6 1. S4 1 58 
FCO 10.C9 9.37 9 22 11.43 10 74 10 37 13 04 10 34 12 44 11 23 
MGO 10 21 9.38 3.64 13 01 11 3Sl 11 08 10.96 11 41 11 20 11.99 
CAO HJ 67 ll.O!J 11 19 9 82 10.16 9 ~2 10 32 10.96 10 14 ::>.Ul.J 
NA20 2 55 2.49 2 5b 2.12 2.69 3 ':!5 2 16 2.61 2 lS 2.~3 
l\20 0 30 0 69 0.83 1J 26 (J S2 0 38 0 20 ::: 33 0.1.3 0 34 
TI02 1 15 l. 09 1 38 l. 43 l. 43 l. 38 1 71 l. 23 l. 60 1 22 
tV1NO (i 20 r H? 0.17 0 21J u 20 l.J.l9 0 23 0.20 0 21 0 20 
P205 0.12 0 10 0.18 0 1~ ll 16 ll.lG 0.15 L.l6 u 15 () 1~ 

PPI1 

bA NA 2lJS 38<S HJ5 107 1 Gl 11U 1bS 115 Nl\ 
NB 6 3 d 5 y 6 4 ~ 

,-
'~1\ J 

z l< 78 70 118 314 ~9 9Sl 116 147 Hl6 ,-JA 
y 19 19 2~ 154 20 21 24 S6 19 ,!A 
Sh 273 272 320 360 363 2Sl4 388 197 26() J~A 

RB 10 20 1 q 4 7 7 3 4 (J NA 
LN 7t:i 75 71 76 67 77 sn 1)8 76 ,\JA 
cu 133 92 7/J 110 110 n8 160 113 loll 132 
Nl 273 305 228 r)1 7 446 .131 4l1 210 383 2u/ 
C>< GOO 'l02 538 1210 137& 1336 34~ 720 518 503 

CIPhl !.'-OW1S 

QZ 
Ql{ l. 80 4 HJ 4.90 1 ~0 3 lu 2 20 l. 20 2 ll0 0.80 2 lHJ 
AD 21. no 20 80 21 ar 17 SID 19 • .30 20. HJ 17 00 17 7U 17 ~0 1::1 ~0 
A,\l 2~ 30 31~ 30 28.6k! 27.7!:J 25 10 22 40 29 SIU 26 70 31 Sh; 27.20 
NL - 0 Hl = - 1 90 4 90 0 70 2 40 ;) 10 1.10 
DI 18 so 19 so 21 00 16 30 19 70 2 0 91!J 16 70 2l 60 14 2fJ 16 60 
Hi 2 60 - 0.80 2.20 - -=- - = -=- -
OL 21 ~0 21/J GO 17 Gll 2~.00 2S.G0 24.20 28.b0 24 70 2~.40 28 h\ 
!>'IG 2 2(1 2 20 2. 21J 2 30 2.20 2 20 2.2kJ 2 ::,o 2.20 2.30 
IL 2 2[~ 2 HJ 2.G0 2 70 2.70 2 6U 3 .ill 2 3U 3. L !t1 2.30 
AP lJ 3 (J 0.20 0 40 0 .10 0 ll 3 0 40 I; 4 kJ 0.40 0.40 0 40 
D I. 23 3U 2~ (J(J 2(. 7l1 19.50 24.3C 27 3u 18 ~0 2~.00 lv.EU 22 50 

c.., 
en 
-..l 



AS 1.1 LXTH.USIVE BASAL'IS I:HOJ1 !:.IGG 

!:.7fi35 E7636 E7639 1:.7641 

WT % 

SI02 47o95 47o62 47o7k:l 48 27 
AL203 14 90 15 04 14 44 15 40 
F£203 1 46 1. 50 1. 51 1 49 
FEO 10o80 l0o81 10o93 9o93 
MGO 9 0 59 9o84 Hlo 30 9 93 
Ci\0 H 1

o 52 10o03 9oS6 HJ 99 
NA20 2o59 2o72 2 44 2 34 
K20 0o33 Oo42 0 92 no30 
TI02 l. 49 1. 60 1 78 1. 0S 
Mi\10 0o21 0ol9 0 20 Oolb 
P205 0ol6 Clo22 0 21 Oo12 

PPM 

BA 182 250 371 161 
N1:3 7 5 3 6 
ZH 110 133 129 80 
Y. 24 24 22 20 
Sk 272 336 3f\8 279 
Rb 2 7 15 7 
ZN 66 74 76 82 
cu 125 94 127 71 
NI 109 208 231 200 
CR 390 496 705 535 

C IPI"i' 1\JORMS 

QL 
OR 2 00 2 50 5o40 1. 80 
AB 21 90 23o00 20oGU 19 80 
AN 28o10 27oG0 25o70 30 60 
NC = - - -
DI 18o90 16 90 16o60 18o80 
Hl:' 4o10 1. 90 3o30 6 80 
OL 1~0~8 22o4~ 22 20 17.80 
MG 2o2 2o2U 2o20 
IL 2o80 3.00 3 40 2oUO 
AP Oo40 0 50 o sr r:lo30 
D I 23.90 25o~O 2 6 1~l 2lo60 

1:.7644 J::.7649 L765k:l 

46 28 49 ~1 47o91 
1~ 39 15o21 14o22 

1 119 lo54 1. 49 
l4ou8 8oG6 10 33 

7o62 ':lo65 11.69 
8o18 Hl 36 9o82 
2o86 2o91 2otl4 
Oo45 0 0 61 0o37 
2o61 1. 22 1 39 
Oo21 1J 16 0ol::l 
0o.G4 0o17 0ol6 

NA 281 176 
NA 4 6 
NA 113 101 
NA 19 19 
NA 353 289 
NA 11 6 
l\lA 70 74 

8 79 120 
18 144 439 
40 480 1222 

2 70 3o60 2 20 
24 20 24o60 20o60 
27 80 26o60 26 80 

= - -
9o30 1~ 20 l7o00 
Go30 3o~0 Go0ll 

22o1::1 17o50 22o20 
2o20 2o20 2o20 
5o00 2o30 2oGll 
0o60 0o40 Oo40 

26 ~0 28 20 22otH? 

l::. I o 52 L7654 

46 0 76 48o46 
14o01 15o3~ 
1.62 1 53 

11o25 9o23 
12 B4 9o34 

9 38 10 85 
l. Sl7 2o85 
0 39 Oo~9 
1 41 1. 40 
0 19 0 17 
0 17 0 19 

155 NA 
8 NA 

1Ul NA 
19 NA 

345 NA 
8 NA 

79 NA 
125 73 
357 88 

1497 520 

2o30 3oS0 
16o70 23o10 
28o2ll 27o~0 

- Oo50 
14o00 20o40 

9 20 = 
24o20 l9o60 

2o30 2o20 
2o70 2o70 
0o40 Uo40 

l~o00 27 10 

1:.766~ 

4:J 12 
16o03 
l. 56 
~ 14 
9o83 

1U 7~ 
2 86 
0 35 
1 05 
(d 19 
(J 13 

203 
3 

78 
Hl 

291 
4 

63 
102 
172 
540 

2o10 
22 80 
29o90 

0o7LJ 
18 40 

= 
2lo ~0 2 It; 

2 00 
0o30 

25o60 

~ 
c:.n 
00 



A5.1 1 EXfHUSIVE BASALTS FHOM EIGG 

CAS CA12 E.Al3 LA14 

\o,J'f % 

SI02 47 81 45 53 46.18 46.44 
AL203 16 92 15 77 16.18 15.02 
F£;203 l. 56 1 55 1 50 l. 52 
r r;o 8.32 12.24 10.40 11.76 
JIIGO 9 78 10.2~ 9.32 Hl. 42 
CAO 11 39 S1.99 11 70 10 40 
NA20 2.55 2.48 2.71 2.19 
K20 0 31 0.17 0.27 0.31 
TI02 1. 07 1 67 1. 41 1. 49 
MNO 0.17 0. 2 n 0.20 0 20 
P20S 0.12 0 16 ~j. 13 0.16 

PPM 

BA 97 63 89 153 
NB 10 6 5 7 
Zk 75 123 '97 106 
y 17 24 2U 21 
SH 324 299 23S 294 
Rt:l 7 4 6 5 
lN 58 79 66 84 
c..u 98 118 142 93 
NI 81 223 250 148 
CR 375 115 305 105 

C I Phi NOHMS 

8~ - .,. 
1 80 1. 00 l. 60 l.tJO 

AB 21.50 19 70 16. 20 18 50 
AN 33 80 31.40 31.21:1 30.20 
NE (j 10 0.70 3.60 -
DI 17.80 14.00 21 30 16.90 
HY - - - 3.00 
OL 20 50 27.40 21. L0 24.00 
MG 2.30 2.20 2.20 2.20 
IL 2 00 3. 20 2. 7 ~3 2.80 
AP 0.30 a 40 0. 30 0.40 
D I. 23 40 21.40 21.40 20.40 

CA17 t AlB 

49.54 48.18 
16.37 14 89 
1. 58 1. 58 
9.80 9 96 
7.74 11 17 

10 12 H:l 32 
2.81 2 15 
0 74 0.30 
1. 33 1.13 
0 16 lJ 20 
k.l. 2 ~) 0 13 

362 177 
5 G 

125 79 
32 21 

412 261 
11 4 
75 &1 
75 102 
51 163 

143 502 

4.40 l. 80 
23.80 18.20 
29.Sl0 30.10 - -
15.60 16.40 

6 ~0 11 40 
14 60 17 40 

2.30 2 30 
2.50 2.10 
0.40 0 30 

28. Hl 20 ()0 

EA41 LA-..2 

47.85 46.92 
13.97 14.47 
1. 55 l. 61 

HJ.tl9 9 76 
11 63 12 36 

9.23 11.00 
2.93 2 13 
0 87 0.21 
1. 48 1 24 
0.19 0.19 
0 21 0 11 

167 1b7 
7 7 

117 93 
19 1~ 

383 2&2 
3 6 

61 b7 
130 1d9 
358 452 
698 760 

~- HJ l. 20 
21.60 18 00 
22.40 29.30 
l. 70 -

17.90 1Sl.SH3 
- 1 90 

25 70 24 8U 
2.20 2.3~ 
2.80 2 40 
0 50 0 50 

28 50 19.30 

r..A51 

4 7 58 
1~.80 
1. 49 

10 55 
8 74 

10 50 
2 ~5 
0.36 
1. 65 
0.2(() 
0.18 

172 
G 

124 
22 

363 
7 

71 
3& 

l9b 
429 

2.10 
23.50 
28.80 

0 8u 
18.10 

21.00 
2.2U 
3 10 
0 40 

26.40 

~ 
U! 
~ 



AS. 1. 2 LXfRUSIVL Hi\WA1I11:'.~ HWtl .CIGG 

C7472 .C747Sl £75G2 Ei\lG LA2H .. l:.A3.3 

~vT % 

SI02 53.45 46.00 48.39 48 Sl 50.48 4~ 57 
AL20J 16.62 14.55 13.87 15.23 13 GS 14.~1 
F.C 20 3 2.02 1 87 l. 86 2 01 1 94 2.1Jl 
f EO 7.40 14.09 13.27 11.13 11 30 10.65 
MGO 5 (J(i 7.74 7.46 8 46 5.28 7.89 
CAO 7.64 8.32 8 37 8.27 8.03 8.09 
t\]A20 3.64 3.86 3.11 3 .?3 3.65 3 35 
K20 2 05 0 42 0.89 0.92 l. 82 1 09 
TI02 1 60 2.71 2.27 1.72 3 lSI 1.87 
IYJNO 0.10 ~J. 21 0 21 0.19 0 18 0.19 
P205 0.43 0.25 0.29 0.32 0.48 0.38 

PPM 

BA 877 238 435 446 847 494 
NB 9 10 12 9 19 8 
ZR 235 185 193 172 281 216 
'i 32 34 33 33 47 33 
~H 506 502 399 405 478 413 
RB 22 6 13 13 26 :?2 
ZN 82 87 121 91 1~9 89 
cu 26 3 58 76 24 42 
NI 38 37 70 150 70 144 
CR 30 24 :?26 363 18 233 

CIPW NORl'1S 

QZ - .,. - - - = 
OR 12.10 2.50 5.30 5.40 U1 81:1 6 40 
AB 3[).8(1 24.90 26.30 27.30 30.90 28.30 
AN 23 no 21.10 21.30 24.30 15 5U 22.4~) 

NC .,. 4.20 = - - -
DI 9. 9l1 15.30 15.20 12.00 17.60 12.50 
1-iY 16.30 - 6.70 3.50 '1.90 7.30 
OL l. 90 23.50 17 50 20.50 9. 4 CJ 15.60 
MG 2 9(J 2.70 2 7u 2 90 2.80 2.90 
IL 3.10 5. HJ 4. 3(J 3.30 6.10 3.60 
AP 1 IJ Vl 0.60 0.70 0.8D 1.10 0.90 
D. I 43 20 31.fi0 31.60 32 80 41. GU 34.80 

w 
Q') 

Q 



AS 1 3 EXfRUSIVr:. !V!UGEARI'l CS 1 HO•il LIGG 

C7412 E7471 EA29 

WT % 

SI02 54.08 53 63 54.3fi 
AL203 15.43 14.33 14.75 
I £203 2 47 2.02 2.53 
F EO S.60 :J.35 7 65 
MGO 4.80 4.13 4.32 
CAO 5.57 5.74 5.30 
f\JA20 4. 27 4.17 4 17 
K/0 3 29 2 f)9 3.00 
1I02 2.14 2.40 2 35 
MNO vl. 15 0.23 0.16 
P205 1.19 1 32 1. 43 

PPM 

BA 1556 1883 2213 
NB 29 15 15 
l i{ 355 274 279 
y 38 4b 49 
SH 715 585 531 
RB 57 32 32 
ZN 88 144 117 
cu 10 0 17 
NI 8 21 0 
CH 9 8 2 

C I PW N 0 R IV\ S 

8~ - 0.50 2.00 
19.40 15 90 17.70 

AB 36 10 35.30 35 30 
AN 13 20 12 40 12.7u 
NE - - -
DI 5 40 6. 20 3.50 
HY 13 4~J 19.20 17.40 
OL 2 00 - -
MG 3.6D 2.90 3.70 
IL 4.10 4. 60 4.50 
AP 2.80 3.10 3.40 
D. I 55.50 51 60 S4. ~HJ 

~ 
<::1':) 

...... 



A5.2 1 ~XTRUSIVE BASALTS EROM MUCK 

M7532 M7533 M7538 !'17543 M7546 M7547 l'175:tJ8 !Vl75~8 1~17569 J.'\7~70 

W'f % 

Sl02 45.66 45.40 45.89 44.78 46.4~ 45.89 45 99 45.60 45.52 46.24 
AL203 14.53 14.47 14.46 13.54 14.62 14.67 13.77 14.18 15.04 14 69 
rE203 1.52 l. 51 1. 50 1. 51 1. 55 1. 51 1. 59 1. 54 1. 52 1. 50 
r 1:.0 14.61 14.86 14 '-'J7 15 Hi 13.99 15.40 11.60 11.92 11.42 11 53 
MGO 9. 04 9 08 9.09 10.78 9 06 7. 37 13.18 12.45 11.40 11.40 
CAO 8.36 8. 32 8 54 8.08 8.18 8.53 9.38 9.71 9.95 9.64 
NA20 2.82 2.86 3 12 2.47 2.81 2.67 2.37 2.45 2 88 2 58 
K20 0.43 0.43 0.45 0.43 0.55 0.44 0.27 0 28 0 45 0.34 
TI02 2.71 2.7G 2.60 2.77 2.37 2.96 1. 48 1. 50 1. 46 1. 6G 
IV\ NO 0.20 0.19 0.31J 0.28 0.20 0.24 0.19 0 21 0.20 0.20 
P205 0. 27 0.29 0.25 0.25 0.30 0.31 0.18 0 1G 0.16 0 22 

PPM 

BA 253 253 262 395 321 274 146 119 162 138 
NB 5 7 8 11 10 8 6 7 5 4 
ZR 180 190 188 183 186 200 109 99 HJD 121 
y 34 37 33 32 35 39 30 24 24 18 
SR 439 451 442 340 442 371 265 237 332 351 
RB 7 3 1 3 5 7 6 4 7 4 
ZN 80 89 94 88 69 98 71 79 76 78 
cu 9 10 8 18 18 82 131 103 88 55 
NI 0 23 29 21 17 ~5 402 396 377 335 
CR 54 52 53 56 40 65 <:!94 846 888 757 

C IPVv NOR!vJS 

8~ - - = - - -
2.50 2.50 2.50 2.50 3.20 2.60 1. 60 1 70 2.70 2.00 

AB 22 60 22.00 23.50 20.90 23.80 22 60 19.50 17.70 15.60 20.60 
AN 26 70 25 OD 25.20 211.60 25.60 26.70 26. Hl 26 90 26.80 27.50 
NE - 1. 70 0.70 - - - 0. 30 1. 60 4.80 0.70 
DI 11. 10 12.20 13.20 11.40 10.70 11.30 15.60 16 50 17.50 15.40 
HY 3.30 - - 1 90 4.40 8.10 = - = = 
OL 25 90 28 511 27.10 30 GO 24.80 20.20 31.30 30 20 27 30 28.00 
MG 2.20 2. 20 2. 20 2.20 2.20 2.20 2 30 2.20 2 20 2.20 
IL 5 10 5.30 4.90 5.30 4.50 5.60 2.80 2 80 2.80 3.20 
AP 0 fO 0.70 0.60 0.60 0.10 0.70 0.40 0.40 0 40 0.50 
D. I. 25.10 26.10 26.80 23.40 27.00 25.20 21.40 21. 1~0 23 00 23.30 Cor:~ 

~ 

N 



A5.2 1 ~XTRUSIVE BASAlTS rkOM MUCK 

M7571 N7576 M7577 1'>17578 IV17591 1'17594 1~17 59 5 M75139 M75140 f'-'17:,141 

WT % 

SI02 4f1.57 4fi.18 4:, 69 46.54 45.94 45 GO 45.97 44.94 44.87 44 79 
AL203 14.24 13.23 14.29 14.97 1Ll.53 15.22 14.92 14.1~ 13.G1 13.74 
[ ~203 l. 50 l. 56 l. 52 l. 51 l. 49 l. 55 l. 51 l. 56 l. 56 1 55 
FEO 11.43 11.96 14.79 13.73 11.03 14.16 14.0SI 11.50 12.51 12.47 
MGO 11.51 12.74 9.13 8.45 11.42 8.56 8.97 12.34 13.11 13 12 
CAO 9.75 9.57 8.18 8.26 9.92 a.56 8 27 9.55 9.81 9 81 
NA20 2.54 2 32 2 71 2.97 3.49 2.88 2.78 3.81 2.41 2.41 
K20 0.33 0.43 0.47 0 55 0.37 0 52 0.49 0.26 0.25 0 22 
TI02 l. G9 l. 61 2.72 2.52 l. 43 2.45 2.50 1 48 l. 52 1 54 
MNO 0.21 0 21 0.20 0.19 0.20 0.19 0.22 0.20 0.21 0 2.0 
P205 0.21 0.19 0. 3,1 0.29 0.19 0.30 0.27 0.19 0 17 0.19 

PPM 

Bl\ 157 186 269 323 214 142 316 140 123 103 
NB 11 5 10 9 tl 1 8 G 8 8 
ZR 137 120 196 180 lHl 9~ 181 105 108 108 
y 20 23 35 33 29 24 37 26 24 30 
SH 338 303 427 472 346 313 470 312 286 246 
RB 5 7 5 7 5 7 7 6 4 3 
ZN 82 85 85 77 75 81 74 77 78 67 
cu 67 65 19 12 100 19 13 162 105 Hl4 
NI 360 440 20 13 419 0 18 468 :, 1C3 Sol 
CH 830 929 49 50 999 45 50 990 1058 1000 

CIPW NORI"!S 

QZ 
OH 2 00 2.50 2.80 3.30 2.20 3.10 2.90 1.50 1.50 l. 30 
AB 21.30 19.10 22 90 25.10 16.00 23.60 23.50 13.30 14.SJ0 15.10 
AN 26.50 24.40 25.40 25.90 22.90 27 10 26.tHJ 20.80 2:,.60 26.10 
NE 0.10 0.30 - .,. 7.30 0.40 - 10.20 3.00 2.80 
DI 16 70 17.70 10.80 10.90 20.40 11. 10 10.30 20.60 17.90 17.40 
HY = - 4.30 3.10 - - 3.30 .,. ..,. -
OL 27.60 30 20 25.70 24.10 25.80 27.10 25.70 28.00 31 G0 31 70 
MG 2.20 2.30 2. 20 2.20 2.20 2.20 2.20 2.30 2.30 2.20 
IL 3.20 3.10 5.20 4.80 2.70 4.7't.l 4.70 2.80 2 90 2..90 
AP 0.50 0.40 0.70 0 70 0.40 0.70 O.GO 0.40 0 40 0.40 
D. I. 23.40 21.90 25.70 28.40 25.50 27.10 2G.40 2:,.HJ 19.40 19.20 ~ 

~ 
C-1.:1 



A5.2 1 EXTRUSIVE BASALTS FROIIJ. l"lUCK 

fVI75143 M75148 11760 3 117 612 117615 M7G20 M7622 M7624 LY17627 1'117629 

WT % 

SI02 46.61 46 35 46.92 45 88 46.43 46.61 46.59 46.18 45.46 46.44 
AL203 14.82 14 24 14.88 14.~5 14.88 14.55 14.87 15.43 13.69 14.10 
I £203 1 50 1 51 1. 49 1. 50 1. 50 1. 53 1. 51 1. 51 1. 63 1 52 
FEO 14.03 14 29 14.28 14. Hl 13.97 10.88 10.63 11.03 12.33 11 54 
MGO 8.16 8.67 7.83 8.65 7.95 11 44 11 15 10.60 14.94 11 50 
CAO 8.48 8. 58 8.55 8.61 8.69 9.70 1.).75 10.13 8.16 9.88 
NA20 2.90 2.94 2.30 2.86 2.64 2.99 3.06 2 75 1. 89 2 ~4 

K20 0.52 0 44 0.55 0.49 0.52 0.47 0.39 0 35 0.24 0.40 
TI02 2.48 2 55 2.64 2.49 2.84 1. 43 1. 61 1 60 1. 34 1 67 
MNO 0.20 0.17 0.29 0.20 0.27 0 19 0.19 0.19 0.20 0 19 
P205 0.29 0.26 0. 28 0.27 0.30 0.21 0.24 0.2:::. 0.13 0 ... u 

PPM 

BA 303 105 294 310 272 334 1~1 150 73 160 
NB 7 9 9 8 9 8 5 7 6 5 
ZR 179 110 190 181 1b4 120 138 131 ~5 133 
y 34 24 37 33 32 23 22 21 25 22 
SR 483 246 464 467 467 405 357 361 181 395 
RB 7 5 4 5 5 7 \ 5 4 4 7 
ZN 80 77 68 77 90 87 82 75 61 76 
cu 8 12 3 18 15 93 59 59 153 81 
NI 0 0 1 0 0 386 333 309 612 399 
CR 57 48 46 46 49 840 738 680 800 813 

C IPW NOH1'1S 

QZ ,. 
OR 3.10 2.fi0 3 20 2 90 3.10 2.80 2.30 2 Hl 1. 40 2 40 
AS 24.50 24.90 19.50 24.20 22.30 19 30 20.30 19.40 16.00 20.10 
AN 25.90 24.40 28.60 26 50 27.20 24.90 25.70 28.70 2~.20 25.90 
NE - - - .,.. = 3.20 3.10 2.10 - 0.80 
DI 11.80 13.60 9.90 11 90 11 50 17.80 17.20 16.30 9.30 17.70 
HY 4.30 1. 60 17.30 0 HJ 8.70 - - - 7.70 -
OL 22 80 25.30 13.60 26 80 18.90 26.60 25.70 25.60 32.30 27 30 
MG 2.20 2.20 2.20 2 20 2.20 2.2') 2.20 2.20 2.40 2.2kl 
IL 4.70 4.80 5.00 4.70 5 40 2.70 3.10 3.00 2.50 3.20 
AP ~·. 70 ().60 0.7~ 0.60 0 70 0.50 0.60 0.~0 0.30 0.50 
D. I 27. GO 27.~0 22.70 27 10 25.4k:l 25.30 25.60 23.60 17.40 23.20 ~ 

~ 
~ 



A5.2.1 LXIRUSIVt BAbALrS lROM MUCK 

M7630 1'17636 1'-176 39 1"17643 /ll7S4<1 M7"148 !\17649A M7658 M76:,9 !176Gtl 

WT 'i:, 

SI02 45.38 45 ?)0 4:,.66 4:, 34 45.71 Ll5.:,4 45 :,7 46.03 46 Ul 45 52 
AL203 15.54 14 93 15.01 15 311 14.61 13.8G 14.63 14 50 14 88 14 34 
FF203 l. 52 l. 54 l. 52 1 57 l. 58 l. 58 l. 58 1 56 1 54 1 50 
[ LO 12.47 14.on 13.~1 11 73 11.63 12.51 ll.3d 11.51 11 06 14.55 
f-1GO Hl.l2 9 C6 8.94 9 76 12.24 12.85 11.99 12 22 11 37 9.24 
CAO 10 07 8 47 8 46 10.47 ~;; Gl 9.24 9.68 9 4!:3 Hl.l5 G.28 
NA20 2.52 2 92 3 03 3 12 2.46 2 27 3.13 2 80 2.85 2.96 
K2u ~J.l:, 0 so () 49 0.40 0.32 L 38 (;.23 0.04 0.32 0.42 
ri02 l. 87 2 46 2.48 l. 8S l. so l. 46 l. 47 1 47 1 47 2 64 
r1NO 0.19 0 18 (;.20 0.19 0.1~ 0.18 0 19 0 19 0 19 c 23 
P205 0 17 0.28 0 29 0 22 0 20 0 13 0 15 0.20 (J 17 0.30 

PPM 

BA SJ 2G8 28? 216 314 171 lOS 154 1:,7 NA 
NB 6 8 9 9 9 7 6 7 G NA 
lR 133 177 179 143 181 111 102 1k.J6 Hl9 NA 
Y. 23 3~ 36 31 39 26 22 26 26 NA 
SH. 322 461 459 34G 482 231) 223 262 4811 t\JA 
RH 2 7 8 3 7 7 4 5 4 t\Jh 
.ZN 77 81) 82 77 87 74 78 76 97 L'Jll. 
cu 117 7 18 co 130 101 116 92 117 lJ 
Nl :?68 55 0 18 37LJ 402 386 356 3 51 (J 
CR 216 42 43 221 821 6G9 860 ')47 Sl90 :,2 

C IPW NOH."-'1S 

QZ - - - - - - .,. 
OH. 0 90 3.00 2.90 2 40 1 90 2 20 1 4 fJ 0.20 1.90 2 50 
AB 19.50 23 30 23 50 15.80 lB. GO 17 90 16 ,9[3 20.90 17.GO 24.10 
AN 30 60 2G.20 25.~0 2G 70 28.1() 21) 50 25.20 2G 90 26.90 24.Gl:l 
Nl: l. 00 0.80 1.10 5.70 l. 00 0.70 5.20 l. 50 3.50 0 :,o 
or 14.90 11 60 11.70 19.5ll 14.90 15.10 17.80 15 30 18.20 12 C0 
HY - - - - - - - = - -
OL 26.~0 27 70 27 20 23 60 29.00 32.20 2d 20 29 60 26.50 28 40 
MG 2 20 2 20 2 20 2.30 2 30 2.30 2.30 2 30 2 20 2 20 
IL 3.60 4 70 4 7J 3 :,(J 2.80 2 80 2 80 2.60 2 80 5 ()(J 
AP Ll.~0 0 70 0 70 0 50 0.50 0.30 0 40 yJ. so 0 4J ~). 7/J 
D I 21.40 27 00 27.G0 23 90 21.50 2 ~J. 9 n 23.40 22.60 23 00 27.10 

~ 
c::r;, 
~ 



A5.2 2 EXiRUSIVE BASALTIC llA~'JAIIr.E.S AND HAWAIIfi:.S lH.Ol'1 HUCh 

!1175144 [1'\7:,31 M7552 1"17553 M7:,55 Nl7567 lVJ 7 6 4 GA [IJ7 6 51!J 

W'I % 

SI02 45 11 46.22 46 4S 45.61 46.32 4G 55 4~ 55 47 20 
AL203 16 20 14.22 14 1n 14.56 13 41S 14 23 13 140 1:,.s.u 
fE203 l. 56 1 85 1 99 2. (HJ 1 ~2 2 1:15 1 47 2 Ud 
FCO 11.93 13.77 14.82 1~-gg 14.13 1~.Y~ 1~-~~ 11 j7 
MGO 9 39 10 35 0 32 8.0 d ~ 
CAO &.Y4 6.71 7.45 7.64 7 17 7.22 ':;.47 7 95 
N!>20 3.11 3.39 3.49 3. 37 3.?)6 3.65 3.35 3 58 
I< 20 1 04 0.52 0.83 f!J.77 0 80 0.98 0.49 0 81 
TI02 2 29 2.53 3.63 3.41 3.03 2.72 2 15 2 26 
MNO 0 1G 0.21 0.28 0.22 IJ.27 0.26 0 27 (J 17 
P205 0.27 0. 24 0.58 0.57 "' 58 C) • :, 1 a 21 0 32 

PPl'1 

BA 276 315 NA 477 443 598 3 54 395 
NI3 1~ 6 NA 15 17 15 () 11 
Z I~ 188 181 NA 326 334 3Hl 176 1 S'2 
y 3(.) 37 NA 57 56 54 40 32 
SR 433 398 NA 404 375 3~9 279 5SlG 
RB 10 7 NA 12 12 12 6 8 
ZN 73 70 NA 102 86 101 1Hl 73 
cu 2 9 25 15 7 8 127 0 
NI 0 0 '} 2 CJ 0 10 0 
CH 140 7L 12 13 SJ 14 S!3 40 

l IP~J tWHJ1S 

Qt = 
OR fi.10 3 10 4 90 4.50 5 30 5.8{) 2.90 4.Su 
AI3 1G.3u 27 80 29 50 27.70 29.60 27.40 20.30 27 L!O 
AN 27. 2 y] 22 00 20.50 22 30 17.70 19 50 20.10 25.1C 
]H, 5.40 0.50 - 0 40 IJ /0 l. 00 '=" 1 60 
DI 12. f)(i) 7.S0 10 60 H1 Hl 11.70 10 9C 21. 4 k'l lO.UJ 
HY - - 2 8(J - - - 8 1k) -
OL 2:, 10 30.60 20 6C 24 20 25 10 25.30 12.50 23.10 
fvlG 2.30 2.70 2 90 2.90 2 80 3.00 2.10 3.00 
IL Ll.30 4.80 6 90 6 50 s se 5 20 ll 10 4. 30 
AP 0 60 0.GO 1 40 1.20 l. 40 1.20 0 50 0.80 
D. I 27.90 31.30 34.40 32.70 3S GO 3S.10 3l.2kJ 33 70 

~ 
~ 
0') 



A5.2.3 EXTRUSIVE MUGtARifES lROM MUCK 

M7579 JVJ7597 M75127 IYJ75146 M7608 M763b 

1.-JT % 

SI02 51 02 52.57 52.04 :::>0.87 53 03 ~3 70 
AL203 15.45 15.05 14.45 15.82 15.08 14.69 
FE203 2 01 2.55 2.43 2.54 2.00 2 LIS 
F EO 8.87 8.02 9.37 Y.06 8.()4 9 6G 
MGO 8.50 5.13 6.53 ':>.27 6.54 3.68 
CAO 4.14 5.70 4. ~4 6.05 5.04 4.33 
NA20 4.24 4.67 4.41 4.81 4.24 4 79 
K20 2.77 2.69 2.85 2.33 2 77 3.33 
li02 2.42 2.29 2.55 2.54 2 41 2.62 
MNO U.38 0.14 0.27 0.18 0.22 0.20 
P205 0.64 0.65 0.55 0.53 0.64 (j 56 

PPM 

bA 1097 120 199 1111 109~ 1307 
NB 24 6 6 21 22 22 
ZR 387 106 107 383 360 365 
y 47 28 27 44 43 43 
SH 539 279 348 530 572 504 
RIJ 47 3 6 45 47 53 
ZN HJ4 84 90 104 101 125 
cu 0 0 0 0 0 7 
NI 0 0 0 0 0 0 
CR 21 21 10 14 17 13 

CIPW NORI\1S 

QZ 
16.80 13.80 16.40 1Y.70 OR 1G.40 15.90 

AB 31.10 39 30 37.30 35.10 35.90 40.50 
AN 16.50 13 80 11 20 14.70 13.90 8.70 
NE - 0. Hl .,.. 3.00 .,.. -
DI - 8 30 6.30 9.70 ':>.60 7.60 
HY 11 00 - 2.40 - 9.00 3.70 
OL 15.60 13.00 16.20 13.90 10.20 10.00 
MG 2 90 3.70 3.50 3.70 2.90 3.60 
IL 4 60 4 30 4.80 4.80 4.60 5 00 
AP l. 50 l. 60 l. 30 l. 30 l. 50 l. 30 
D.l 47 50 55.30 54.10 51 90 ~2.20 60.20 ~ 

= 
-...l 



A5.3.1 EXTRUSI~~ BASALrS £HOM CANNA 

C7503 C7504 C7511 C7530 C7533 C7534 C7548 <...7~53 C7573 <...7575 

\'v'T % 

SI02 46.41) 46.43 4 7. 38 47.58 46 90 46 G0 47 25 46.52 47.71 46.89 
AL203 15. 37 15.53 16.02 14 57 14 54 1:,.05 15 09 14 70 1:,.:,2 14.56 
F~203 1 47 l. 58 l. 59 l. 50 l. 54 1 47 1 56 1 49 l. 53 1 58 
FEO 13 67 13.45 12.35 12.49 13.85 12.89 12 91 13.19 12.41 11. e7 
MGO 8 01 8.07 7.45 9.28 9 05 8. 67 8.33 13.37 7.73 11. "-l6 
CAO 8.86 8.95 9.17 9.18 7 81 9.90 8 88 9 35 9.06 8.4~ 
NA20 2 91 2.85 2.77 2 62 2.80 2.56 2 89 2.67 2 85 2.69 
K20 0.50 0.73 0.72 0.46 0.48 0.33 [) 52 0 42 0 68 0 ~1 
TI02 2 27 2.12 2 07 l. 91 2 4d 2.08 2.12 2.01 2.05 l. ::IJ 
MNO 0.24 0.21 0.21 0 20 0.2S 0.23 0.22 0.19 0.21 0 21 
P205 0.24 0.17 0.27 0 22 0 28 0.21 0.24 0.19 0.24 0 22 

PPt•1 

BA 3llS 309 410 287 276 306 207 240 277 230 
NB 8 6 9 7 8 7 9 6 6 Sl 
ZH 134 124 132 112 183 115 127 110 1!30 123 
y 38 32 28 29 33 28 t32 29 0 34 
SH 385 462 1114 344 44~ 359 351 342 12 304 
RB 8 13 11 3 ~ 2 5 5 8 5 
ZN 96 92 85 87 78 96 SIS dd <)9 90 
cu 100 125 92 80 0 116 134 113 63 1 G0 
NI 62 147 58 100 40 129 212 201 17 ~) 165 
CR 121 13 '1 115 190 40 245 120 2~8 190 230 

CIPW NOHMS 

QZ - - - - - - - - -=-
OH 3.00 4. 30 4.3!u 2 70 2.80 2.00 3.10 2.50 4.00 3.00 
AB 24.G0 22.70 23.40 22.20 23.70 21.70 24. 4YJ 21.70 24.10 22 80 
AN 27.40 27.40 29.10 26 60 25.70 28.60 26.:70 27.30 27.:,o 26 20 
NE - 0 80 - - - - - = - -
or 12.40 13.10 12.10 14.40 9.30 15.80 13. HJ 14.70 13.10 11 90 
HY 1 00 - 5.60 8.20 9.90 3.80 4.50 3.20 5.80 3.70 
OL 24.60 25.00 18.70 19.60 21.00 21 70 21.40 24.20 18.80 213 10 
MG 2 10 2.30 2.30 2.20 2. 2~) 2.10 2.3U 2.70 2.20 2.30 
IL 4 30 4.00 3.90 3.60 4 7'1 4 00 4.00 3.80 3.90 3.60 
AP 0.60 0 40 0.50 0.:,o 0.70 0.50 0.60 0 40 0.60 0.50 
D I. 27.60 27 80 27.71J 24.90 26.~0 23.fiC 27.50 24 20 28.10 25 80 

~ 
O"J 
00 



A5.3.1 EXTHUSIVE BASALfS lROM CANN~ 

C7576 C75R2 C7585 C7586 C7588 C7592 C7~96 C7598 l7':J9<:J C7':JUhJ 

WT % 

SI02 415 69 47.19 47.19 47 36 47.65 47.01 46.4':J 46.3':J 48.74 46.70 
AL203 14.96 15.45 15.15 15.16 15.18 14 77 14.60 15.08 14.06 1':J 1G 
FI 203 1 51 1 49 l. 55 1 45 l. 51 1 ':J3 1 49 1 48 l. 43 l. 47 
rEo 13.15 12.75 12.i:l2 12.98 12.97 12 87 13 G1 13.90 13 44 13 39 
NGO 9 05 8.12 8 11 8 31 7 f:)7 9 51 9 42 8 36 8 09 8. 27 
CAO 8.55 8.92 8.87 5.78 a.58 8.72 6 90 8.':J9 8.44 8.76 
NA20 2.88 2.92 3.04 2.91 3. ~1 0 2.76 2.56 2.84 2.~0 2.d2 
K20 0.51 0.56 0.55 (j 48 0.51 0.42 0 37 n. 39 0.45 0.41 
TI02 2.21 2.13 2 21 2.13 2.13 l. 99 2.07 2.4S' 2.3':J 2.49 
HL\JO 0.23 0. 22 0.22 0.21 0.22 0.2() 0 24 0.23 0 21 0.23 
P205 C1 25 0. 25 0.29 0 23 0.28 0.22 0 21 0.29 iJ • 3 (~ 0.29 

PPM 

BA 282 295 317 269 284 239 205 2 (jr) 253 25':J 
NB 7 6 9 8 7 8 7 10 7 7 
ZR 130 128 140 123 132 111 108 113 125 117 
y 34 33 33 31 32 27 25 29 27 27 
SR 360 359 342 361 357 369 358 422 411 41b 
RB 5 r 7 7 7 8 5 2 5 2 0 

ZN 98 84 75 88 94 91 86 96 79 95 
cu 76 88 82 39 88 55 20 43 39 38 
NI 92 92 78 141 82 f1 80 f)8 .12 67 
CH 16 'j 120 18G 120 13<j 73 82 64 58 6U 

C IPW NOH/vJS 

Ot 
on 3 00 3.30 3.20 2 80 3 00 2.':J0 2.20 2.J0 2.70 2.40 
AB 24.40 24 7J 25.7fl 24.C0 25.40 23.40 21.70 24.00 21.10 23.90 
AN 26.40 27.43 26.10 26 90 26 40 26.70 27 20 27.2U 25.8LJ 27 50 
Nl:. - - = - - - - - - -
DI 11.90 12.60 13 20 12.50 11.80 12.50 12.80 11 10 11.70 11.60 
HY 2.60 3.40 2.10 5.40 6.90 5.20 6.30 4 80 23.40 6 20 
OL 24.&0 21.80 22.4f: 21.00 19.51:.! 23.30 23.20 22.~0 8. Hl 20 Bk! 
HG 2.20 2 20 2.2k:. 2.10 2.20 2.20 2 20 2. Hl 2. Hl 2 10 
IL 4.20 4 00 4 20 4. iHJ 4.00 3.80 3.90 4.70 4.50 4 70 
AP 0 GO 0 GO 0 70 0.50 0.70 0.50 0. ':J!1 0.70 0.70 0.70 
D. I. 27 40 2 8. ~) 0 2Y.00 27.50 28.40 25.80 23.80 26 3U 23.80 26 30 

~ 
~ 
c.c 



AS 3.1 ~X1HUSIV~ BASALTS iROM CANNA 

C7510l c7~lu4 C75107 C75108 

WT % 

SI02 46.55 46.32 46.LIC 4G.79 
AL203 15.33 14.67 15.53 15 08 
f J:::203 l. 47 1 51 1 48 1 49 
r 1:.0 13.26 14.04 13.32 13. [J4 
MGu 8.51 8.80 8.19 8.40 
CAO 8 71 9.11 8.81 9 42 
NA20 2.86 2. 59 3.00 2 87 
K20 0 38 0.38 0.40 0.3d 
TI02 2.42 2 2(1 2 3J 2 10 
MNO 0.22 0.17 0 22 0.21 
P20~ 0. 28 0 20 0 27 0 23 

PPM 

BA 230 233 245 19u 
N8 9 11 8 6 
ZR 11~ 114 110 111 
y 27 24 25 27 
SH. 422 433 4Ll8 376 
RB 4 12 2 3 
ZN 80 96 82 92 
cu 40 79 27 35 
NI 50 95 51 81 
CH G2 145 60 90 

CIPW NORMS 

8~ - - - -
2.20 2 2u 2 40 2 20 

AB 24. 20 21.90 25.40 24.30 
AN 27.90 27.30 27.7D 27.10 
NE - - - -
DI 11.1(; 13 70 11 70 14.90 
HY 4.70 4 70 0.90 l. 20 
OL 22 40 23 30 24.60 23 ~0 
MG 2 10 2.20 2 Hl 2.20 
IL 4 60 4 20 4.50 4.00 
AP (J 70 0.50 0.60 0.50 
D. I. 26.40 24 20 27 7~1 26.5() 

C75HJ9 c7:,113 C75114 

4G 59 47.e0 46 92 
15.48 14 94 15 79 

1 48 l. 50 1 ,48 
13.13 13 58 12.92 
8.36 8.44 7.67 
9 37 8.62 8 75 
2.63 2.75 3.15 
kJ. 3 7 0.51 0.G4 
2.16 2.18 2.22 
0.22 0.24 0 23 
0 22 0 24 0.24 

22t~ 262 324 
8 5 4 

116 127 11~ 
30 35 31 

377 352 687 
0 11 6 

97 83 85 
55 92 99 
82 138 114 
78 63 82 

- ..,. -
2.20 3 uo 3.80 

22.20 23 30 25.'70 
29 30 26.90 27 00 

- - 0.50 
13.00 11 80 12 20 

5.30 6.90 ..,. 

21.20 21.20 23.80 
2 101 2.20 2.10 
4.10 4.10 4 20 
0.50 0.60 0.60 

24.40 26.30 3e 00 

C75117 

46.80 
15 :12 
l. 48 

12.64 
7.31 
9.18 
2.94 
0.73 
2 13 
0.22 
0 65 

2Cjl 
3 

127 
27 

1044 
HJ 
99 
76 

129 
174 

..,. 
4.30 

24.90 
28.10 

-
10.9C 

2.80 
21.20 

2.10 
4.00 
l. 50 

2SJ 20 

C751Hl 

46.92 
15.19 
l. 55 

12.71 
8.83 
8.51 
2.62 
1. 04 
2 16 
0.21 
0.25 

~d1 
7 

131 
31 

402 
17 
91 
99 

108 
63 

6.10 
22.20 
26.60 

-
11.50 

3.00 
23.60 

2.2d 
4.10 
0.60 

28 30 

SH246 

46 45 
15. 09 
l. 44 

13.69 
7.:14 
8.93 
3.19 
0 49 
2.30 
0 23 
0 2~ 

261 
9 

136 
32 

355 
7 

1~2 
12(; 

92 
120 

2.90 
24.50 
2S 40 

1 40 
14 30 

-
24.50 

2. HJ 
4.40 
0 60 

28.70 

w 
-...l 
Q 



A5.3 1 EXTRUSIV~ BASALTb EROM CANNA 

C15 C20 T522 C7501C 

WT % 

SI02 46.60 45 77 47.16 46.95 
AL203 16.63 15.119 14.55 14.35 
F E203 1. 63 1. 46 1 55 1 57 
F EO 10.59 13 75 14.41 11 55 
11GO 9 51 7.73 8 82 11.45 
CAO 9. 24 9 01 7.42 8.70 
NA20 3.72 3.34 2.27 2.78 
l\20 0.26 0 30 1 00 0.46 
TI02 1 66 2.71 2.31 1.85 
LVI NO 0.20 0.21 0.1~ 0 12 
P205 (; 2 3 0 22 0.23 0.23 

PPJil 

BA 100 166 469 205 
NB 3 9 12 6 
ZR 146 122 164 174 
y 2G 24 33 24 
SH 324 428 327 372 
HB 1 2 13 8 
ZN 80 101 86 92 
cu 105 65 46 80 
NI 2HJ 61 20 415 
Ck 203 54 82 745 

CIP1N l\JOI11V!S 

Ql - - - -
OR 1 5(; l. su 5 90 2.70 
AB 22.70 23.90 19.20 23.50 
AN 27.20 26.40 26.60 25.30 
N~ 4 70 2 30 - ..,. 
DI 14.00 14.00 6.7ll 13.30 
HY - - 17.00 1 30 
OL 23.70 23.80 17.20 27 50 
MG 2. 4 ~) 2. HJ 2.2u 2 30 
IL 3 20 5 10 4.40 3 50 
AP 0.50 0.5() 0.80 0.30 
D. I. 29 (J0 28.10 25.10 26.20 

C750H 

47.13 
14.9~ 
1.59 
9.51 

11.37 
9.20 
3.07 
0.56 
2.04 
0.34 
~ 24 

574 
8 

138 
22 

415 
8 

75 
UJ2 
102 
280 

-
3 30 

22 90 
25.40 
l. 70 

15 10 
-

24 90 
2 30 
3 90 
0 60 

27 90 

C..7~01G 

48.79 
15.15 
l. 61 
9.22 

10.16 
10 33 

2 80 
0.42 
1 2~ 
0.12 
0 15 

1318 
11 

173 
29 

716 
13 

12Si 
59 

333 
575 

-
2.50 

23 70 
27 50 

-
18.~0 
3.40 

19.40 
2.30 
2 40 
0.40 

26.20 

C7502G 

47 77 
16.73 

1 55 
8.7~ 
7 54 

11 08 
3.24 
0.53 
2.26 
L,.30 
0.27 

204 
b 

147 
23 

579 
Sl 

107 
242 
113 
362 

..,. 
3. HJ 

23.50 
29.50 

2 10 
19.30 

15 30 
2.20 
4.30 
0 60 

28.70 

w 
-...J 
~ 



A5.3 2 EX rHUS IVE BASAL 1 IC HA\~AI l1 LS AND HA\~AI I I t::S f R0111 CANNA 

C7545 l.75103 C7505 c1:,1s (..7:,17 C7531 c7:,35 c...7:,37 C7538 c7:,.)::; 

wr % 

SI02 48.34 46.56 48.17 47.b9 4 9 1,5 47.06 51. U6 50 G7 50 14 48.94 
AL203 14.84 14 75 14.96 16.16 15.39 15. 54 18.80 20.59 14.82 15.13 
FE203 l. 54 1 52 2.06 1 62 2.06 l. 55 2.03 2 12 l. 99 2.07 
Fr:..O 12.83 13 42 12.94 11.67 11.79 13.18 7.52 6 83 12.41 12.87 
1VIGO 7.45 8.71 6.72 7 33 ~.63 7.27 4 76 4.08 5 78 6.68 
CAO 8 33 8 66 7.74 8.65 7.75 8.60 8.75 8 80 7 36 7.73 
NA2U 2.98 3.07 3.18 3.34 3 23 3 23 4 43 4.81 3.G1 2.95 
1<20 0.77 0.44 1.15 0.79 1.13 0.61 (J '37 1.13 1 40 l. .:lO 
TI02 2 24 2.38 2. 54 2.07 2.29 2 41 1 26 1 22 1 92 1 86 
MNO 0.22 0.20 0.22 U.19 0.19 0.22 0 14 0.13 0 20 0.18 
P205 0.32 0 29 IJ. 3 3 0.28 0.39 u 32 (J 27 0 28 0 37 ll.2':J 

PP£Vl 

BA 394 246 516 335 489 332 559 609 802 719 
NB 9 6 13 8 13 5 7 7 8 8 
ZH 154 115 195 137 178 153 114 121 170 144 
y 34 25 34 31 36 40 27 22 32 2~ 
SR 378 420 Ll.(J4 909 407 352 691 931 459 g:,5 
RB 11 3 1:, 9 20 \) 15 16 21 17 z l-.J 91 80 98 75 87 95 69 75 105 91 
cu 41 41 78 88 41 77 33 0 6 17 
NI 9() 31 93 88 62 99 37 28 0 21 
CH 100 60 58 100 G9 1 (l1 94 75 35 53 

CIPW NOHMS 

oz - ..,. ..,. 
OH 4.50 2. 60 G.HO 4.70 6. 7l. 3.6U 5.70 6 70 8.30 7 7U 
AB 25.2'~ 25. 9~) 26 90 28 00 27 30 27.30 35.G0 34.70 30.50 25 00 
AN 24.80 25.20 23 Hl 26.80 24 20 26.10 28.50 34.10 20. HJ 24 20 
NC - - - 0.10 - - l. 00 0.40 ..,. = 
DI 11.90 13.H:i 10.90 11.80 9.70 12.LO 1U.80 6 40 11 70 10.20 
UY HJ. 20 - 7.10 - 11.70 u 60 - - b.00 11 60 
OL 1G.1L 25.70 16 60 21.60 12.10 22.80 12.40 11.80 14 ()0 14 HJ 
MG 2 20 2.20 3.00 2.30 3 00 2.20 2 ~0 3.10 2 90 3.00 
IL 4.30 4 50 4 80 3.90 4.30 4 60 2 40 2.30 3 60 3.50 
AP 0 80 0 70 0.80 0.70 0.90 0 80 0.60 0.70 0 ~0 0 7'J 
D I 29 80 28.60 33.70 32.80 34.00 30 90 42.30 41.70 38.8u 32.Gll 

~ 
-...} 

N 



A~.3.2 EX.l. RU::, IVc I:>ASAL1IC HA\,<,/Al I r1:..::, ANO HA1"VAli 1 CS f HO!-'l CAW~A 

C7540 C7~41 (,7546 (,7~52 C75~8 C/559 (,7560 C7562 l7~G3 l-7~61 

w r ~ 

SI02 49.55 48.79 49.51 49 57 49 74 ~0.72 4~ (59 5 ~). 7 0 4~.54 4SJ (58 
AL203 15.29 14. 68 14 34 14.57 15 29 16 85 1~ 37 14.24 15.92 1~ 2d 
fE203 2.06 l. 98 l. 9S. 1 ~6 l. 99 2 08 2 00 l. 9SJ 2 u4 2.02 
reo 12.61 13.52 12. 24 12.64 12.14 10.33 12.71 12.~9 11.31 11.15 
fi\GO 5 93 6.23 6.94 6 47 6 47 4.64 4.69 4.79 5.33 6 G4 
CAO 7.27 7.65 7 G8 7.62 7.70 7.31 8.57 7 7'd 0 1d 8.16 
NA20 3.81 3.64 3 13 3.6~ 3.27 4 67 3.14 3 50 3.~3 3.02 
K20 1 09 l. 09 1 21) l. 04 l. 07 1 19 0.~4 1.14 l. 28 1 11 
ri02 l. 89 2.02 2.38 l. 96 l. ()0 1.71 2.1~ 2 16 2.32 2.20 
JvJNO 0.18 'j. 21 0 20 0.20 0 19 ll.1G 0.21 u.2u 0.1~ 0 18 
P205 0.32 0.31 0.L10 D.32 lJ 34 0.34 0.2.~ 0.34 0.3S kl.3G 

PPM 

BA 623 716 499 692 687 761 871 725 8~0 4Sl6 
NB 6 6 11 5 8 SJ 7 10 11 10 
ZR 145 152 134 145 144 143 166 171 176 183 
y 30 32 139 32 31 29 33 36 35 32 
SR 846 637 8]7 517 517 926 590 5~1 1024 4~7 
RB 13 13 20 13 12 16 20 11 17 18 
ZN S/0 101 93 96 86 77 110 117 95 91 
cu 85 68 29 36 32 54 HJO 93 50 36 
NI 42 80 40 125 30 57 29 56 37 59 
CR 48 49 G3 59 60 47 8 SJ 62 49 

ClPW NORMS 

8~ - = 
6 4C 6.40 7.1ll 6 10 6.3U 7.00 ~.60 6 70 7 60 6.60 

AB 32 2'l 29.90 26 50 30 90 27.70 37 00 26.60 29.60 29.9U 25.60 
AN 21.40 20.90 21 5r~ 2 '~. 30 23.90 21.50 25. H.l 20.30 23.80 24.90 
Nl:. = - - ..,. - 1 40 - - - -
DI 1 (j • 5 (J 12.:,0 11 5 I) 12.80 10.00 1U.50 13.10 13 50 12 uU 11 00 
ll y 4.70 3.40 14 30 5.80 13.20 = 17.50 16 10 6. 2(:) 17 20 
OL 17.40 19.40 10 70 16.80 11.70 15 60 4 SG 6 00 12 40 6 90 
MG 3.00 2.90 2 90 2.LO 2 90 3 00 2.~0 2 90 3 l!O 2 90 
IL 3.60 3.80 4. ~') 3.70 3.40 3 2ll 4 2kl 4:. HJ 4.40 4.20 
AP 0.80 0.70 0.90 0.80 0 80 0.80 0.70 0 80 0.80 U. ~.H1 
D. I. 38.70 36.40 33.6G 3 7. ~JO 31! (.) 0 45.40 32 10 36 30 37 4U 32.10 

~ 
-1 
~ 



A5.3.2 bXTRUSIVE 8ASALTIC HAWAIITES AND riAWAlifES fRO~ CANN~ 

C7~66 C7567 C7569 C7571 C75121 C.75124 C7512~ T ~2 ~J T521 '1523 

w r % 

SIJ2 50.10 51.58 50.46 50 09 4~.21 49.44 ~0.17 40.42 46.00 50.73 
AL203 14.20 15.97 16.67 15.05 15.b0 16 74 15 9(~ 14.64 15.40 1~.50 
[1::.203 1. 96 2. 08 2.10 1. 99 1. 99 2.04 2.01 2.02 1. 55 2 09 
rr..o 12 96 Hl 21 11.07 12.35 11.64 10.45 10.31 12 64 13.3c3 ~ 67 
fvtGO 6.06 5.17 4.81 5.34 6. 0 (1 5.89 6.02 6.88 8.32 G.97 
CAO 7.40 7.48 7.48 7.32 8.21 8.29 8 03 7.41 8.23 7.97 
NA20 3.47 3.56 3 89 4. 2/3 3.05 3.33 3.30 3.Y2 3.13 3.78 
I< 20 1. 28 1. 58 1. 25 1.11 1. 24 1 19 1. Ll1 1. 32 0.65 1 17 
TI02 1. 99 1. 76 1. 75 1 93 2.40 2.07 2 26 1. 92 2.02 l. 67 
MNO 0 22 0.17 0 17 0.18 0.18 0 17 D.l8 0.15 0.20 0.13 
P205 0.36 0.44 0 36 '"' 35 0.36 IJ • 38 0.40 u 32 1.1.24 0.33 

PPM 

BP. 750 872 609 779 569 552 617 746 3 51 661 
NB 7 8 8 8 13 12 14 9 Sl 5 
ZR 167 166 1415 149 188 18lJ 216 155 12L 135 
y 33 32 30 31 28 33 33 23 29 28 
SH 460 676 1026 661 1007 497 485 538 541 592 
HB 15 21 12 12 15 23 23 17 6 13 
ZN Hl4 88 78 94 91 93 92 90 b4 76 
cu 31 23 71 70 66 42 17 46 82 62 
NI 50 71 50 58 13 12 0 7 64 12 
CH 35 87 51 36 78 41 23 24 131 <;12 

CIPW l-.JORMS 

QZ - - - - - - - - .,. 

OH 7.60 9.30 7 40 6.Gli 7.30 7. 00 8.30 7 80 3.80 6.711 
Ab 29 4(1 30. Hl 32 90 35.80 25.80 28.20 27.90 27.80 2G H.1 32.00 
AN 19.40 22.90 24.30 18.60 25.80 27 20 24.40 21. JO 26.00 21. ~HJ 
NL - - - 0. 20 - - - - 0.20 -
DI 12.50 9.40 8.70 12.90 10 50 9 50 Hl. 60 11.10 10.90 12.70 
HY 11. 10 15.70 7.50 - 12.50 9.00 12 20 8 ~0 - 5.70 
OL 12.60 5.10 12.0G 18.60 9 80 11.30 8. 4 ~J 15.80 26.20 13 90 
MG 2.80 3. 00 3 00 2.90 2 ~0 3 00 2 90 2.90 2 20 3.00 
IL 3.80 3.30 3.30 3 70 4 60 3.90 4.30 3.60 3.80 3.20 
AP 0.90 1 00 0.90 0.80 0.90 0.90 0 ~0 0.80 0.60 0.80 
D. I. 36 90 39.50 40.30 42.60 33.10 35 2li 3G 20 35.60 30.20 38 90 

~ 
~ 
~ 



AS 3.2 tXfRUSIVE BASALTIC HAWAIITES AND H~WAliitS ~HOM CANNA 

1524 1525 1 52(i T?27 1'528 1529 '1 :, 3 0 rx TY c7:,22E 

WT % 

SI02 50.72 50.76 50 98 52.43 49.60 52.80 4 8 •
1
s 3 50.90 51 12 51 19 

AL203 16.36 16.92 18.54 15.72 16.53 1:, 74 16.48 14.65 15.05 16.03 
r L203 1. 95 2.08 2.09 2.01 1. 97 2.01 1. 51 1. Sl4 2 02 2.07 
FEO 9 94 8.60 7.83 9.06 ~.55 8.~8 10.53 12 40 12 ou 7 92 
MGO 5.78 7 05 4.87 5.56 7.79 5.29 8 115 4. 61 4.60 /.07 
CAO 8.14 8.21 8 91 7.67 8.66 7.79 d • 171 7.93 7.77 8.15 
NA20 3.73 3 62 3 93 3.94 3 37 3 75 3 35 3.69 3.65 3.72 
K20 1. 27 1 07 1.13 1 61 0.86 1. 64 0 69 1 30 1. 26 1 15 
rro2 l. 62 1 23 l. 30 1 44 l. 32 1 43 1. 34 2.04 l. 98 2.32 
JI1NO 0 17 0 15 0 14 0.15 0.17 0.16 0.17 U.l8 0.18 0 11 
P205 0 32 (J. 31 0.29 0.40 0.25 0.41 0 23 0.36 k1. 3 3 0 2b 

PPI"l 

BA 692 633 630 871 537 890 444 760 762 529 
NB 7 ~ 8 6 6 11 8 10 10 1D 
l.R 141 111 116 162 101 176 99 167 171 204 
y 28 28 25 28 22 34 24 32 38 28 
SH 591 724 683 588 558 607 :,77 5~2 ~64 355 
RB 17 13 14 22 13 22 9 19 16 31 
ZN G7 77 105 86 87 44 76 92 91 SJ9 
cu 36 17 62 48 58 ~7 42 47 34 24 
1\JI 51 13 12 n 80 13 68 0 0 92 
CR 103 82 140 64 120 G0 119 17 17 239 

CIPw NOHJ•lb 

oz - - = - - - - = = 
OH. 7.50 6 30 6 711 9.50 5 10 9.70 4 .t:UJ 7.70 7.40 6.80 
Al:l 31.60 30.60 33 20 33 30 28.50 31.70 28.30 31 20 3(; 90 31.50 
AN 24 10 26.80 29.60 20 50 27.40 21.30 27.90 lSl.bO 21.lHJ 23.60 
NL - - .,.. - .,. - -I - = 
DI 11.70 9.80 10 50 12.40 11. 1(; 12 HJ 11.30 14 60 12.70 12 10 
BY 6. (J 0 7.90 3.00 9.80 5.40 14.50 1 60 11.00 14.:,0 9 90 
OL 12.40 12. 60 10. 8~j 8.00 16 50 3.8il 21 50 8.40 5.90 8 00 
f'lG 2 80 3 00 3.00 2 90 2.90 2.90 2. 2 r; 2.80 2 SJ0 3 00 
IL 3. Hl 2.30 2 50 2.70 2 50 2. 7 0 2.50 J.CJ0 3 80 Ll 40 
AP 0.80 0.70 J 70 O.YO 0.60 1 00 vJ so o.go 11). 9 0 0 70 
!J I 39 10 36 ~0 39 90 42.eu 33.6() 41 40 32.4u 38.9() 3d.3l. 38 JL) 

~ 
-....! 
e.n 



AS. 3 3 EXI kU'> IV J:, lV\UGl: Al<I1 CS f.ROfl'l CANNA 

SH252 

wl % 

SI02 ~0. 211 
AL203 14 86 
FC203 l. ~6 
F.CO 12 42 
fv1GO 4.90 
CAO 6 89 
NA20 4.91 
K20 l. 29 
TI02 l. 95 
MNO 0.21 
P205 O.JG 

PP1Vl 

BA 830 
NB 21 
lk 3G4 
y 59 
SH 209 
RB 38 
ZN 88 
cu 39 
NI 0 
CH 39 

CIPW NORMS 

QZ 
OR 7.60 
AB 35 10 
AN 14 70 
NE 3 50 
DI 1Ll.4U 
HY -
OL 17 40 
t'\G 2 80 
IL 3 70 
AD 0 90 
D I. 4G.20 

~ 
-.1 
c:r, 



A5.4 QUARTZ NOHt"lATI\IC LAVAS il:W•1 LIGG, JVlUCK AND CANl'>lA 

l:.A25 EA30 E. A 3:, J:.A21b LA24b LA24D C...7'~1JC C7::J3G c755v SX254 

w'l % 

SI02 5S 13 54.~G 54 89 57.87 S8.88 5Sl :.,6 51.SJ8 S2.32 :.,1. 90 Sl GG 
AL203 16 42 17.ll1 16 87 16 62 14.82 14.82 15.7S 16.40 14.~Sl 13 13 
fE203 2 02 2.08 2.00 2.02 2.06 2.04 1. 56 2 (!) Sl 1. 61 1. 99 
reo 5.67 6. 36 ) 90 1).43 6.63 6 19 7.09 9. 20 12.34 12 50 
fvlGU 4.32 4.11 4.06 2 11 2.90 2 44 Sl.G2 5 3L, 4.40 4.80 
lAO 7 00 7. 07 fi () 3 S.49 4.98 4.83 8.39 7. ::l1 7 92 7.44 
NA20 3.65 3.78 3 67 4.27 3.73 4.01 2 62 3 11 3.27 3.4J 
!,20 2.25 2.27 2.98 2.70 3.00 3.1J1 0.58 l. 36 lU 99 1. 25 
1102 1. 49 1. 73 1 98 2.72 2. 27 2 30 2.lJSl l. 47 2 13 3.63 
!vlNO 0.11 0.16 0 14 0.10 0.08 O.U7 0.l(J iJ 16 0.22 u 2~ 
P205 0.42 0.48 0.48 0.69 0.75 1J. 74 0.22 iJ.37 0 2tl 1.! 40 

PPt"l 

BA 903 9d2 111G 1002 HJS>O 1111 340 75'0 G93 SJ35 
NB 11 9 10 2S 23 26 12. 8 11 14 
ZR 273 275 340 42q 445 445 241 159 183 241 
y 32 35 32 46 45 Lj 4 34 28 3~ 40 
SH Ll92 499 451l 551 530 533 3Ll1 6"35 549 S23 
RG 25 24 40 64 68 71 9 23 11 7 
ZN 88 94 134 17 ~~ 90 04 156 87 117 117 
cu 37 34 42 j 13 19 70 1.! G7 2kd 
NI 5 1 '~ 7 53 71 17 382 38 93 0 
CH 21 32 22 20 16 8 362 ~5 20 18 

C I P\rJ NOHJ 1S 

nz 2.70 3.00 2 20 8.90 11.70 11. j(J 1. 30 0. 4 (j 1. 1l! 0.60 
Ok 13 30 13.40 17 GO 15.SHJ 17.70 17.80 3.40 8.1.!0 s 90 7.4~ 
Ab 30 90 32.00 31 00 36 Hl 31 60 33 ~0 22.20 28.00 27.70 28 b0 
AN 21.30 22.70 20 80 18. 2,:1 14.80 13.~0 29.50 26.10 23 10 18 50 
Nl: - - - - - - - - - -
DI 8 30 7 50 11 ~:3 3 70 Ll 10 4.G0 0.60 d.8u 12.10 13.20 
tiY l(i 2YJ 13.90 15 70 7 40 12.10 ~.80 28.30 21.1.,0 23.10 22 70 
OL - - - - - .,. ~ - - -
MG 2 90 3.00 2 SIO 2 90 J • 0 ~I 3.~0 2 30 3.G0 2.30 2 91.! 
IL 2.80 3 30 3.80 :,.20 4 30 4.40 4.00 ? Jtj 4.01.! 5 ou 
AP 1. 1Hl 1.10 1 10 1 6CJ 1. JO 1 00 0 50 lJ :10 0.70 O.SIIJ 
D I 46.90 48 40 50.80 60 90 59. 9 y) GJ.U0 26 ~0 36 40 34 70 36 80 

c.,.., 
-..] 
-..] 



AS 4 

W'l ~ 

SI02 
AL203 
.Fr::203 
fLO 
MGO 
CAO 
NA20 
1{ 20 
TI02 
MNO 
P205 

PPt-1 

BA 
NB 
Zk 
y 
SH 
RG 
ZN 
cu 
NI 
CR 

CIP\.\ l.~ORMS 

QZ 
OR 
AB 
AI-! 
NE 
DI 
HY 
OL 
ll'lG 
IL 
AP 
D. I. 

QUAk7l 

M7653 

54.79 
16.35 

2.11 
8.3~ 
4.89 
5.22 
4 53 
0 03 
2.47 
0 16 
0 '11 

1052 
22 

369 
4~ 

562 
49 

110 
0 
0 

13 

7 10 
0. 2l~ 

38 30 
21 90 

22. ('JU 
-

3. Hl 
4 • 7 IJ 
1. 4u 

45.80 

NQRJjATIVE LAvAS lROM FIGG, MUC~ AND CANNA 

~ 
-...] 

00 



A5o5 FAIRY dRIDGb llPE LAVAS fRO~ IIGG, MUCK ~ND CANNA 

F7438 E7457 £.7632 C7501E 

\lvT % 

SI02 48o52 4::l.06 46o24 49o23 
Z\L203 15 67 16o39 15o5S 14o39 
FE203 l. 49 1o 47 l. 56 2o(l2 
FLO ~o18 10o70 10.71 11o76 
MGO Slo21 6o35 11.28 6 87 
CAO 11.28 10o47 10o40 7 67 
NA20 2o85 3 13 2o41 3o33 
1\20 Oo25 0 48 0o16 1 85 
TI02 l. 25 1 53 l. 34 l. 99 
f'lii!O Oo19 0 21 Oo20 0o26 
P205 0o12 0 2(; Oo15 0 63 

PPM 

BA 140 29fi 135 216 
NB 4 6 6 5 
ZH 7(j 86 68 88 
y 18 27 15 22 
SR 299 362 272 303 
RB /1 7 2 5 
ZN 69 74 65 80 
c..u 72 82 164 76 
NI 145 40 334 16 
CR 381 160 381 15 

CIPW HOR!VIS 

QZ 
OR l. SG 2 80 0o90 10o90 
AB 23o90 26o50 19o70 28.20 
i\N 29 20 2~ 30 31.10 18o8U 
Nt Oo10 - 0.40 -
DI 21 10 17o70 15 0 [l fj 12o50 
hY - 3 80 - 2o80 
OL 19o30 14o411 26o80 18o60 
JV1G 2o20 2o10 2.30 2 o SHJ 
IL 2 40 2.90 2o50 3o60 
AP Co30 0.50 0 40 l. 50 
D I 25o50 29o30 21.CO 39o10 

~ 
-.J 
~ 



APPENDIX 6 

ANALYSES OF BASIC MINOR INTRUSIONS FROM EIGG, 

MUCK AND CANNA 

NA - analys~s not ava~lable for th~s element. 
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A6.1.1 INTRUSIVE BASALTS lHOM EIGG 

E7404 L7418 C7433 t.7447 r:,7449 1:.7450 C7613 C762G 1:.7631 1:.7633 

W1 % 

8102 45 98 48.02 47.29 4!:!.59 48.1]! 48.12 46 79 47.Gd 47 00 4b 01 
AL203 14.15 14 65 111.24 1~.73 15.47 14.24 14.75 14.21 15 40 16.23 
t E203 l. 60 1 54 l. 54 l. S3 l. 49 l. 52 l. 60 l. 61 1 4~ 1 6~ 
F EO 11 83 11.07 11.72 9.00 10.88 12.40 8.58 11.91 11 47 9 20 
NGO 8.63 7.76 9. 07 8.94 8.40 6.70 13.~1 7.~4 8 15 10.10 
CAO 11 ~0 10.85 11 57 11.52 10.29 11. 09 11.93 12.00 10 78 11 6~ 

NA20 3.19 2 73 2.0d 2 74 3 0:, 2.Y3 l. 52 2.45 2 92 1 11 
1<20 0.28 0 ~5 0 17 0.31 G 45 0.27 0.11 0.27 0 32 0.41 
ri02 2.39 2.03 l. 94 l. 27 l. 50 2.31 ll.SI7 l. ~9 2 10 l. 37 
MNO 0.22 0.24 0.17 0 26 0.18 0 21 ~j. 16 (J 23 0.21 0 17 
P205 (1. 22 0 1(, 0 21 0.11 0 20 0.19 0.07 0 11 0 18 0 11 

PPM 

BA 108 740 239 NA NA f\JA 81 7<:J HHJ 112 
NB 8 8 8 !\lA NA NA G 9 11 3 
ZH. 121 148 129 i\JA L~A NA 105 1 ~) 98 2139 
y 25 27 25 i\JA N/\ l~A 2~ 28 20 19 
Sl1 2n5 423 323 NA N/\ NA 230 32~ 38~ 312 
H.B 3 19 3 1\JA IJA NA 4 3 2 ~ 
ZN 80 80 85 r>.JA t.J/\ NA 68 80 67 55 
cu 16?) 57 91 2t-J4 131 174 224 118 138 187 
NI 49 40 27 91 145 1Hl 428 3ll3 429 13b 
CR 235 257 255 303 219 230 196(1] 52 218 381 

CPIW NORMS 
I 

QZ - - - - - - -I .,. 
OR 1 70 5 60 1.00 l. 80 2.70 1 60 0 70 1. 60 l. ~0 2 40 
AB 17. 20 21.50 17 60 23.20 24 80 24 80 12 90 20.70 22 40 9 40 
AN 23 50 24.90 29 00 29.70 27 20 24.90 33.10 27.00 28.00 38 10 
NJ::. 5.30 0 90 - - 0. 50 - = = 1 30 .,. 
DI 26.40 22 90 2 2 2vJ 21. eo 18.~0 24.00 20.60 26.30 20.00 15 40 
HY - - 9.50 0.70 .,.. 3.11.1 6.70 1 30 - 24.60 
OL 18 60 17.70 14.30 17.90 20.80 14.60 21.70 17 60 20.00 4 80 
MC 2 30 2.20 2. 2Ca 2.20 2.20 2.20 2 30 2 30 2 10 2 40 
IL 4. 5l1 3. 9vJ 3.70 2.40 2 80 4 40 l. 80 3 00 4.LU 2.60 
AP a ~o 0.ll(j o.:,o 0.30 llj. so 0.50 0 20 0 30 0 tO 0.30 
D. I. 24 20 28.00 18.60 25 00 28 00 26 40 13.50 22.30 2~ 50 11.80 

~ 
00 
...... 



/\6.1.1 INlRUbi~C BibALlS EHOM CIGG 

t7037 L764G 1::.76~1 C76i)6 CA40 

,11/'I % 

SI02 41).28 50 04 46 71J 4 7 37 47 S6 
AL203 15 55 12 83 14 85 14.57 15 56 
Fr:::203 l. 57 1 41 l. 56 l. 52 l. 57 
1 LO ~ 40 14 55 11.7'u Hl. 07 9.511 
I"! GO 12.4~ 5 94 9.50 ~.6:J 9.10 
CAO 11.5~ 9 6G 10.57 11 64 ll.S/9 
NA20 l. 57 2 51 2.3~ 2 4J 2 C6 
K20 0 09 ' 36 0.30 0 19 C1. 18 
TI02 1 20 2 25 2.01 l. 63 1 53 
f>!NO 0.19 0 )') 0.19 0 19 lJ.l8 
P205 ,l • lJ 8 0 19 0 19 0.13 u.lS 

PPM 

BA NA 329 NA 70 1 71-) 
N13 NA 1' NA 3 7 
LR ]\J ~ 133 NA 104 117 
y r~A 43 NA 24 21 
SR NA 233 NA. 229 411 
Hd NP 7 NA 1 5 
ZN NA 110 HA 65 GS 
cu 167 71 131 162 133 
NI 1195 1u2 l~Sl lGG 537 
CR 468 20 439 303 137 

C PIll/ NOR/11 S 

QZ 
Oh u 50 2.10 l. 8l.J l.lU 1. HJ 
Ab 13 J(j 21.2() 20.00 20.3[') 2U 80 
Ah 35 H' 22.70 29.0() 28.40 30 00 
1\11: - - - - () S'tl 
DI 17 7 ~1 20. H.l 18.1() 23 20 23 20 
HY 7 20 27 00 4.00 l. 20 -
OL 21 50 - 20.60 20.10 18 50 
I"iG 2 30 2 00 2.3u 2.20 2 3C 
IL 2 3 y) 4. 30 3.8l 3 10 2 s.o 
Af (1 • 20 0.40 0.40 0 30 0 40 
D. I 13.80 23 40 21.70 21 40 22 80 

~ 
ao 
N 



A6 1 2 IN1RUSIVL BASALTIC HAWPIIl~S ~NO HAWAIII~S tkOM EIGG 

E7G15 t 74,12 1:.7446 

w r % 

SI02 46.43 48 20 49.97 
AL203 14.88 14.78 13.63 
I L203 1.50 2 00 l. 98 
FCO 13.97 12 04 10 59 
MGO 7 95 7 41 b.25 
CAO 8.69 8 84 8.77 
NA20 2.64 3 42 3.34 
K20 0 52 0.76 0 67 
rro2 2 84 2 06 2.41 
f\1NO 0.27 0.21 0.18 
P205 0 30 0.27 0.21 

ppjvl 

BA 3G 505 1'11A 
NB 5 4 NA 
ZR 117 11)5 Nil. 
y 19 30 NA 
SR 339 533 NA 
RB Ll 5 NA 
ZN 67 77 NA 
cu Hl8 108 4 [1 
NI 8 68 55 
CR 93 64 198 

C I PW NOR1vlS 

QZ 
OR 3 HJ 4 50 4.00 
AB 23 2C 28.50 28 30 
AN 1~ 40 22.70 20.20 
Nl:. l.Hl 0.20 -
DI 2~ 30 Hi. 00 17 %J 
H'i - - 10.30 
OL 17.00 20.60 11.50 
lV1G 2 20 2.90 2.90 
IL 4.30 3 ~0 4.60 
AP 0.40 0 60 0.50 
D. I. 27.40 33.20 32.20 

w 
ao 
~ 



A6.2.1 I NTH. US IVE BASAL 'IS f H.Ol1 r1UCK 

JV17609 J\1D2 JvJD3 lvJD4 •'1D5 1'1D6 lllJ9 !\d) 1lJ 1'1D11B l'ID1 L 

W'! '!, 

SI02 4 7. 32 46. 31 46 4Sl 4 7 ~HJ 48 68 47 76 46.83 4b 93 47 3G 4~.76 

AL203 14. 24 17.74 1Ll ~1 13.63 14.76 14.05 1~.00 15. 38 13 87 1..) 37 
ft203 l. 49 l. 62 l. 51 1 56 l. 51 l. 57 1.50 1 53 1 5U l. 58 
F L:O 13.28 7.43 11 40 9 83 11.48 10 15 12.7<.; 9.52 11 04 10 83 
HGO 9.70 12.23 8 23 12.75 8.10 11.80 8.33 ~.55 11 12 7 74 
CAO 8.53 11.23 11 29 10 49 9.90 8 84 9 62 11.29 9.21 9 SJ3 
Nl\20 2.35 2 10 3 40 2.5~ 2.91 2.07 2.87 2.40 2.99 3 13 
K20 0 33 0 19 0 25 0.33 ll 34 0.49 (;.:;2 0. H! 0.66 0 47 
TI02 2.38 0 92 2.13 1 49 1 90 l. 91 2 13 0.96 l. 84 2 53 
MNO 0.14 0.13 0.20 0.24. 0.21 0 19 0.22 0.18 0.18 u 21 
P205 0 25 0.10 0.18 0.09 0.21 0.27 0.2u (J. 07 0 23 0 24 

PPJ\1 

BA 26<::1 NA l>JA NA t'lA NA NA NA 6U u 
NB 11 NA NA NA NA NA NA NA :; Ia 

ZH 186 NA NA Nl\ NA Nl\ NA NA 15/ 0 
y 34 NA I'' A NA NA NA NA NA 34 474 
Sk 499 NA NA NA NA NA NA NA 296 6 
RB 5 NA NA NA NA NA NA Ni-\ 5 2 
ZN ~2 NA NA NA NA NA NA NA !:lSI G 
cu 7 142 193 109 66 66 102 159 1L2 102 
NI 0 333 40 307 280 143 48 105 383 48 
CR 47 683 264 595 118 180 87 218 630 105 

C I P~'l/ NORf'l S 

gz - = - - - - -
H 1. 90 1.10 l. 51.!J 2.00 2.00 2 9vJ 3. HJ 1 10 3 90 2.8lJ 

AB 19. 9(J 17 20 18.80 18.60 24.60 25 10 23 60 20.30 22.40 26.50 
AN 27 30 38 40 !4.70 24.60 26.2ll 23.60 26 50 3 0. 70 22.50 21 60 
NJ:. - 0.30 5.40 1 80 = - 0.40 - l. 50 -
DI 11. 1•0 13.40 24.8Ll 21.70 17.70 l5.0LJ 16.40 2 0. 30 17 70 21.40 
JJY 17 2(tJ - - - 8 40 l. 20 - Sl u 0 - 10 6U 
OL 15 40 25.20 18. 2!3 26 00 14 80 25.70 23.30 1 '±.so 25 8U 9.50 
l'IG 2 20 2.30 2.20 2.30 2.20 2 3~J 2.20 2 2 ~J 2.20 2.30 
IL Ll 50 l. 70 4.00 2.80 3 60 3 ()(; 4 00 1. 80 3.50 4.80 
AP 0 60 vJ. 20 0.40 0.20 0 50 (J 60 0 50 0.20 u ~0 0 6U 

D l 21 80 18. 60 25. n; 22 40 26 GO 28 {)() 27 00 21 40 27 90 29 30 

~ 
00 
~ 



l\6.2 1 INTRUSIVt. BASALTS fl-l0l'1 !VIUCK 

f\1D13 ND14 MD15 f1D1 SJA MD19b JV1D3 7 J>1V44 JVlD49 l\1D~ 3 (vJD54-l 

w r -s 
'3I02 46 69 46.42 47.71 46 43 44.4d 4/.25 46.76 47 72 47 dl:l 46 69 
AL203 12.39 14 41 14.CJ3 13.30 13.64 1b.~8 13.G~ 15 69 14 4';1 1:,.40 
FL203 l. 57 1.:,7 l. 53 l. 45 1. 49 1 50 l. 64 1 54 1 :, 7 1 49 
Ft.O 10.45 10.47 11 03 15 59 17 78 6 92 9.96 11.87 9 76 11.1SI 
fv'\GO 14 59 12.39 9.34 7.41 6 60 7 59 14 42 8 81 9 ::,~ 11 ~9 

CAO 9 83 9 43 10 88 9 2~ 9 59 12 99 Sl :,g 8 56 11 48 8.79 
NA20 2 23 3.33 2 L18 2.98 2.55 2 53 2 69 3.0G 2.49 2.02 
K20 J 27 0. 36 0.53 0.41 0.24 0 24 u 19 0.24 0.29 J.L.4 
rro2 l. 62 1. 30 2 0& 2 59 3 01 1 57 0 85 2 09 1 73 1 78 
lVJNO 0 21 0.18 0 21 l! 27 (:l 3t:l 0 j(J 0 19 0 let u 1~ 0.24 
P205 0.13 0.16 il.l8 fJ 28 0.24 0.13 0 

1
l.!G 0.24 0.15 0.18 

PPJ1 

BA (, 6 4 \lA 601 44 1 247 11J87 17d 
NB 0 1 1 NA lSI 5 3 s 26 7 
ZR 0 1 0 NA 271 lll4 lJ 120 456 172 
y 25() 35 ~G l\IA 4 vJ 27 0 24 64 33 
SH G 17 :, NA 411 214 5 320 426 246 
RB 4 1 0 NA 27 0 1 b 65 4 
ZN 13 b 1 NA 114 7'3 .)0 91 HJ9 84 
cu 121 121 160 1L17 159 131 117 48 147 100 
NI 930 895 207 89 80 87 1060 33 128 283 
Ck 1760 442 8/l 20S 225 287 650 21 280 790 

CIPW N0Rf'1S 

QL 
Oh 1. 6(J 2.10 3.lu 2.40 1. 4u l. 40 1.10 1. 40 1 71J 1 40 
AB 18 90 18 20 21. ~10 25.10 21.60 19.00 1L.7u 25.90 21.1li 17 Hl 
AN 23.0LJ 23 30 25.60 21.70 25. 1(, 39 /0 24.60 28.4li 27.50 32 2li 
t~ L - 5 40 - 0.10 - 1. 3L 2.20 - - ..,. 

DI 20 HJ 18 20 22.20 18 80 17.60 19 31J 1o.1o 10 30 23 10 8 30 
HY 0.90 - 2.90 - 0 10 .,.,. - 3.10 l. 90 14 70 
OL 29 90 27.70 18.50 24.20 25.&0 13.7u 31.11.1 1:J.2U 18.80 20 3U 
NG 2.30 2 30 2.20 2.10 2.2li 2 20 2.40 2 20 2 31::1 ..::.20 
IL 3 l() 2 5 ~J 3 90 4 9U S.70 3. IHl l. 60 4.~0 3 30 3.40 
AP 0 3J 0 40 0.40 0.7U 0.GO o Ju 0.20 v 60 0 40 0.40 
D. I. 20 50 25.70 24.10 27 6v 23.00 21.70 22 00 27.30 22 80 18.50 

~ 
00 
Ut 



A6.:?.1 IN1RUSIV~ BAbALTb rROM MUCK 

MD54-2 1'1DSGC ,1D57A MDGkJ MD61 !111J65 l1D70 JIIG77 l1lJ7 9 1"1D80 

WT ~ 

SI02 46.32 46.29 46.36 45 58 47.20 47.S2 46.72 45.66 47.66 47 1~ 

AL203 15. 61 14 43 14.7~ 14.09 14.5:1 13.50 14 31 14.92 15.~7 15.64 
rL203 l. 50 l. 57 1 58 l. 62 l. 58 l. 61 l. 57 1.50 l. 54 1 59 
rr::o 10.97 12.G4 11 57 11. HJ 10.40 9.95 10.93 11.06 11. ~9 9.69 
MGO 12.10 10.83 9.32 12.95 12. ,~9 12.21 9.95 11. G6 9 02 10.03 
CAO 9.08 8. 54 11 01 8 92 lJ.57 10.17 10.90 10.09 8.56 10.5t) 
NA20 2.09 3.07 3.04 2.76 2.40 2 62 2.75 2 78 3.1G 3.39 
K20 0 15 •J. 37 ~). 28 0.34 0.37 [)~30 0.23 0 1~ J. 31 10 3G 
1102 l. 78 l. SIO l. 73 1 ..:::9 l. 4~ l. 77 2 1S 1.~0 1 8U l. 24 
Iv'iNO u.23 0.1~ 0.21 0.1b 0.1~ 0.19 0 2b 0.18 0 1Sl (0 17 
P205 0 16 0.18 0.16 0 16 0 17 u.16 0.21 u 46 11.20 0 17 

PPN 

Bi\ 62 43~9 3466 628 318 397 27~ NA f\JA NA 
NB G 262 134 37 23 {.. Sl 1\IA NA f\JA .., 
LH 100 4330 2317 606 322 154 151 NA L'v.A NA 
y 18 0 3 D 2 46 46 N/\ NA NA 
SH 214 902 481 123 GY 384 276 NA NA NA 
Rb 2 831 423 115 68 10 2 NA NA NA 
ZN 71 0 476 132 57 1HJ 116 L\l i\ 1\IA NA 
cu 112 42 36 1Hi 112 140 148 123 58 140 
NI 348 '!0 57 406 380 320 702 293 47 150 
CR 810 32 54 <:HH; 9~Jl ~23 283 503 Lll:) 240 

C Ii.-'1-IJ NOH!•ib 

QZ 
JH 0.90 2.20 l. 70 2.00 2.20 l. 80 l. 4J 1 10 1 80 2.10 
AB 17.70 22.90 18.20 21 00 20.3') 22.20 21.00 19. Hi 26 70 19.40 
AN 32.80 24.50 25.80 25. Hl 27.90 24.20 26.00 27.70 28.50 26.40 
Nl.:: .,. 1 70 4.10 l. 30 .,. - l. 20 2 40 ..,.,. 5.10 
DI 9 H1 13.70 22 80 14 70 14 9u 20 40 21.80 15.80 10.40 2 0 • .:>l'l 
HY 11. Hl .,. - - 4.3lJ 0.5(::1 = - 3.70 .,.,. 

OL 22 50 28 80 21.60 30.7u 24 90 24.90 21.81:1 27.80 22.70 21.70 
MG 2.20 2 30 2.30 2.30 2.3ll 2.3l. 2.30 2 20 2.20 2.30 
IL 3 40 3.60 3.30 2. 5lJ 2.UO 3.40 4. HJ 2 8~ 3.40 2 40 
AP 0 40 0.40 0.40 0 40 0.40 0 40 0.50 l.H.l o.so 0.40 
D I 18.60 26 80 23.90 24.30 22 50 2 3. 9 vJ 23~60 22.60 28 60 26.5u 

~ 
00 
~ 



A6 2 1 INTRU~IVE BASALTS fROM MUCh 

lvJ.D81 f'/108 2 MD85 l1U8& NDO~ l"ll.JS12 Mu95 NJJllH:J fll.JlOG HD10~ 

v.. r % 

SI02 46.78 49.~4 4 7. 37 46.06 50.49 47.68 49 0S) 4~.'j8 4.6.61 45.43 
AL203 14.01 15.03 15 55 15 99 14.11 13.74 14.16 14.80 14.00 16.28 
fL203 1. 54 1 :,2 1 55 1. 99 1. 4~ 1. 49 1. 50 1. :, :, 1. :,4 1. ~6 
fl:..O 10.98 10 29 12 47 11.47 10.74 11.34 11.32 :J.69 16.44 13 k.JG 
MGO HJ. 85 7.61 7.80 8.Yk:l 7.74 :J.94 &.15 S.bl 6.52 9.16 
CAO 10.54 115.67 9 51 8.87 9.90 11 26 HJ. 81 HJ 85 ~.12 ':).27 
NA20 2.82 3 07 3.02 3 79 2.9& 2.49 2.72. 2 50 2.33 2.57 
K20 0. 37 0.29 0 28 0.26 0.41 0 25 0.31 0 18 0.3G 0.21 
'II02 1 73 1. 23 2 02 2.25 1 71 l. 49 1. 63 1. 34 2.56 2 HJ 
JYINO e.23 0.21 0.28 0 20 0 22 U.18 0.21 0. 21 0.29 0 20 
P:?o:, 0.15 0.12 0 15 0.22 0.21 0 15 0.11 0 HJ 0.25 0.18 

PPM 

BA NA NA NA NA NA NA NA NA NA. 131 
NB NA NA NA NA l'JA NA NA NA NA 4 
ZH N/\ NA Nl\ NA NA i~A NA NA NA 130 
y Nl\ NA NA NA NA NA NA L~A NA 2& 
SH NA NA Nt, NA NA NA NA NA NA 3:Jl 
H.b r~A NA NA NA NA NA NA NA Nl\ 3 
ZN NA Nl\ NA NA NA Ni\ liJA J:.ll\ NA 7.:; 
cu 124 115 45 75 94 76 109 118 8~ 60 
NI HJ4 27 75 46 42 270 117 b3 53 lJ7 
CH. 209 238 52 65 1~4 740 218 L65 93 63 

C I PW NORJvl S 

QZ 
OR 2.20 1. 70 1. 70 1 su 2.40 1. 50 1. bU 1. H.l 2.1U 1. 2~ 
AB 19.20 26.00 2S.60 23 70 25 20 21.10 2 3. kl 0 21.20 1~.70 21.70 
AN 24.50 26.40 28.00 2:, 80 23 90 25.60 25.50 2.8.60 26.70 32.3u 
Nl:.. 2 5(J - - 4 60 - - - - - = 

DI 21 80 21. 20 15.00 13.7LJ 19.60 24 00 22.50 20.00 14.2ti 1 'J. 30 
HY - 7. 20 2.40 - 15 40 1 20 & 20 16.70 15 SHJ 1 40 
OL 23.90 12.70 20.SJ0 23 00 7.60 21 40 13 40 7.40 13.7() 26.3ll 
fi1G 2 20 2.20 2.20 2 90 2 2110 2.20 2. 2,1 2 20 2.20 2.30 
IL 3 30 2.30 3. 8lJ 4 30 3.20 2.80 3.10 2.50 4.90 4 00 
AP 0.40 0.30 0 40 0 50 0.50 [:) 40 0.30 0.20 0 6u 0.40 
D. I 23.90 27.70 27.20 29 7ll 27 GO 22.50 24.8J 22.20 2.1 b0 23.00 

~ 
00 
-...] 



A6.2 1 INTRUSIVE BASALTS lROM MUCK 

WT 'i, 

SI02 
AL20J 
FC203 
FEO 
MGO 
CAO 
.Nl\20 
K20 
r 102 
MNO 
P205 

PPM 

BA 
NB 
ZR 
y 
SR 
RB 
lN 
cu 
NI 
Ck 

C l PW NOR/II S 

QZ 
Ok 
AB 
AN 
Nt: 
DI 
HY 
OL 
lVJG 
IL 
AP 
0 I. 

MD112 

48 93 
16.23 
l. 51 
8.73 
9 43 

11.29 
2 57 
0 21 
o.e3 
0 18 
0. 07 

'\!A 
NA 
NA 
1-JA 
NA 
NA 
r,JA 
123 
245 

99 

1 20 
21 8vl 
32.10 

1~.10 
5.70 

16 20 
2 21:1 
l. G0 
0.20 

23.CO 

l'1D114 

46 51 
15.SI4 
l. 52 

12. 06 
7 78 

10 22 
3.01 
0.25 
2.31 
0.20 
0. 20 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

43 
39 
72 

l. 50 
23. 50 
2St.20 
1. 00 

16.60 

21.00 
2. 20 
4 40 
J.SO 

26.10 

w 
00 
00 



i 

A6 2.2 IN'lRU.:>IVE. BA~ALTIC HAWAII1E.S AND HAI'/AII !'ES l kQN[ tlUCt< 

1110578 MD75 l\1Db J'I!D17 MD31S-3 1-10.:,6£>, J1D67 MD110 

1t.J r % 

Sl02 50.62 LJ9.74 50.84 48.02 48 48 47 45 4~ 4SI 4SJ.54 
AL203 11 35 14.53 12.57 15.25 13 34 16 70 16 63 14 40 
f£:203 l. 41 l. 50 l. 92 2.01 1 .:,~ 2 00 2.06 2 23 
E LO 15 78 11.13 11.87 11.18 14.03 10.56 10.53 10.22 
MGO 5 87 6.30 f. 31 8 01 6.14 7.58 6 86 3. tl? 
CAO 8 33 11.29 7. 68 B 03 9 • .26 9 04 9 68 9.57 
NA20 2 65 3.13 3 58 3.94 3.31 4.33 3 53 3.88 
K20 1 04 0.42 1 76 0 46 0.60 0 29 0.61 2.09 
TI02 2 48 1 .'::J9 2.83 2 58 2.66 l. 68 0.11 3.49 
MNO 0.27 0.24 U.19 0 18 (1. 27 0.17 0.20 0.17 
P205 0.20 0.14 0.45 0.33 0 30 0.20 0.30 0 55 

p Pr-1 

BA 1200 200 NA NA 103 284 413 3756 
NB 70 11 NA NA 8 6 10 19 
Zk 1186 143 NA NA 169 105 176 2:10 
y 0 18 hi A NA 29 23 48 42 
SR 236 3G9 NA NA 499 361 25S 603 
RB 219 14 NA NA 4 5 23 33 
ZN 232 86 NA NA 80 G5 132 1t17 
cu 55 149 46 40 71 44 65 37 
NI 7 37 18 63 17 54 59 22 
CH. 47 265 4 38 75 48 172 20 

C IPW NORIV1S 

Ql - = 
OR 6.10 2.50 10.40 2 70 3.50 l. 70 3.60 12 30 
Ab 22.40 26 50 30.30 31 90 28.00 26. HJ 28.80 27 50 
AN 16 0[) 24 40 13.00 22.60 19 80 25.30 27.70 1.'::! 70 
Nl:. - - - 0.80 - 5.70 0 60 2.90 
DI 20. 2~J 2.!JO 18 30 12 40 2 0. 2 ~) 15.00 1.'::J.2U 23 40 
HY 26.10 3.30 8 20 - .'::J.00 - = -
OL l. 90 12 30 UJ.60 21 10 15.40 19 60 20.20 7.00 
MG 2.00 2 20 2 80 2.90 2.30 2.90 3.00 3.20 
IL 4.70 3.LO 5.110 4.90 5.10 3. 20 0.20 6 C0 
AP 0.50 0.30 1 10 o.8n 0.70 0.50 0.70 l. 30 
D 1 28.60 29.00 110.70 3 5. 4 ~l 31.68 33.~0 33 ~u 4 2. 7 u 

w 
00 
<:c 



An.2 3 INTHUSIVL MUL~AHI1LS ~HOM MUCK 

!'17 52 n f'-17606 

Wl Q 
0 

SI02 54.00 ~2.01 
AL203 13.98 15.53 
FE203 2.55 2.20 
FED 6.70 b 72 
I"! GO 5 6u 3.01 
CAD 5 89 8 47 
NA20 4.42 3.71 
K20 2.98 3 07 
TI02 2 36 2 46 
MNO u 23 0.26 
P205 1 27 0.5G 

PPM 

BA 1-JA NA 
NB NA NA 
ZR NA NA 
y NA NA 
SR NA 1\JA 
HB NA NA 
ZN 1\lA NA 
cu 6 0 
NI 0 0 
CR 10 19 

C I P~v NORMS 

QZ .,.. 
OR 17 60 18.10 
AB 37.40 30 90 
AN 9.50 Hi. 70 
NE - 0.2Cl 
DI S?.20 18. 20 
HY 12.20 
OL 2 90 6.70 
I"'G 3.7(;] 3.20 
IL 4 50 4 70 
AP 3.00 1 30 
D. I. 55.00 49 30 

~ 
cc 
Q 



A6 3 

WT ~ 

SI02 
AL203 
f E203 
Fi:,O 
IV! GO 
CAO 
NA20 
I-.20 
TI02 
MNO 
1?205 

PPJ\1 

BA 
N8 
zn 
y 
SR 
kG 
ZN 
cu 
NI 
CH 

CIPI"l NO.kJ'v1S 

QZ 
OH 
AB 
AN 
NL 
DI 
HY 
OL 
rVJG 
IL 
AP 
D I 

Il~ 1 nus 1 v1 BA~ALT~ FHOM CANNA 

C7506 C7'J07 SR747 

46.S,7 47.17 4f1.27 
14.84 14 47 14 43 
l. 48 l. 48 l. 47 

13 31 12 G7 14 18 
8.94 9.22 7.74 
8. 59 9.53 9.~2 
2 73 2.74 3 U7 
0.50 0.39 0.48 
2.18 l. 94 2.3h 
0.22 0 2/ 0.25 
kJ. 24 0.18 l • 23 

297 259 284 
Hl 7 7 

135 108 148 
32 29 33 

3~2 348 350 
6 5 3 

100 94 101 
126 132 11 7 
152 219 99 
120 315 143 

3 00 2. 3(J 2.80 
23 10 23.20 22.70 
26 80 26 00 24.20 

- - l. 80 
11 80 16 ~0 17.90 

6 6U 2 80 -
21 90 23 00 23 50 

2 1 1) 2.10 2.10 
4 10 3.70 4.51J 
~] () [t) (t). 4 ~) 0.50 

26 10 25.50 27.3l1 

~ 
~ ,.... 



AG 4 

WI % 

SI02 
AL203 
11:..203 
FEO 
t"tGO 
CAO 
J\IA20 
K20 
TI02 
MNO 
P205 

PPIV\ 

BA 
l\113 
lH 
y 
SH 
RB 
ZN 
cu 
NI 
CH 

CIPW NORMS 

8~ 
AB 
AN 
DI 
HY 
MG 
IL 
AP 
D I 

OUARTl NORMATI~C BASIC MINOR IN1RUSIVES IROM EIGG, MUCK AND CAN~A 

MD7 11'\035 1'1D35 r t•iD3GM JV!D~ 9 l'1lDl08 

56 9Ll 51.85 51 33 55.09 57 73 55.44 
14.35 12.98 11 94 15.07 14.71 14.24 

2.60 l. 4R 1 57 2 13 2.59 2.13 
6 14 13 08 14.29 9.51 5.74 8.69 
3.91 5.01 6 20 3.69 3. 38 5. HJ 
5.53 9.04 8 67 5.10 4.73 4 57 
11.37 3.24 2.13 4 ~;8 3.~4 4.71 
3.01 !J 58 0 92 2 10 4. ~J 5 2 17 
2.04 2.25 2 47 2.63 2.23 l. 98 
0.25 0 26 l! 77 0.13 0.26 0.18 
0 86 0 23 0 20 0.49 0.65 0.78 

NA 75 UA 212 NA NA 
NA 8 NA 7 l~A NA 
NA 177 1\JA 136 l~A NA 
NA 31 NA 49 l\JA NA 
NA 462 N/\ 197 NA NA 
NA 2 NA G NA NA 
NA 88 NA 107 NA NA 

0 40 48 3 8 0 
0 63 48 7 7 12 
3 38 0 13 0 2 5(1 

4 30 0.90 3 H1 4 20 5.50 0.80 
17 80 3.LI0 5.40 12.40 23.9(1 12.80 
37.00 27.40 18 00 34.50 33.30 39 80 
10.60 19.20 20.30 16.60 HJ. 50 11.30 
9.10 20 30 17.90 4. 60 7 10 5 20 

11.50 21 80 27 80 18 50 10 10 21 40 
3.80 2 Hl 2 30 3 10 3 80 3. HJ 
3 90 4. 30 4 70 5 k' 0 4.20 3.80 
2 00 D. 50 0. 5(1 1 20 1 5u l. 80 

59. H.1 31.70 26.SO 51 HJ G2.7P 53.40 

c..r., 
e.c 
~ 



/\. () 5 PH.ESll/\.L i"lHOH. I YPt BA~ IC ill I NOR 1 N'l'H.U-31 'v tS l::' HOI"'l EIGG, HUC ,, AtW CANL-.JA 

E740~ L7414 SR250 li'JD41 l'•ID111 MD116 MJJ118 

WI 0 
0 

SI02 4 7. 63 47 81 46 16 46.06 48 LG 47.48 4 8. b ~~ 
AL203 15.40 13.59 15 29 13.97 14.10 14 11 15.52 
l-t203 l. 52 l. 53 1 52 l. 53 l. 4) 1 G4 l. 53 
1 co Sl.84 12.06 11 92 11.55 11.18 '::).46 9.78 
t"lGO 8.~8 9 32 10 56 12 12 9.59 13.15 ~ 49 
CAO 13 34 11.42 10.51 10.51 10 93 10 37 10.53 
NA20 l. 91 2 10 2 17 2.34 2 26 2.11 2.94 
I--.20 0.08 0 30 (J 12 k; 19 0.15 0 21 0.15 
fi02 l. 0Ll 1 52 l. .11(., 1 39 1.10 1.16 0.98 
MNO 0.18 0 24 0. 20 0.20 0. 21 (;.19 0.18 
P205 0.07 0 12 0 15 0 12 0 07 0.14 0.09 

PPJ'1 

BA Ll2 176 78 70 137 79 HH.> 
NB 7 2 8 5 3 5 6 
ZH 50 67 76 79 48 ')3 40 
y 26 28 27 26 24 25 21 
SH 198 304 161 1~8 283 1 ss 290 
RB 0 5 3 12 0 G 1 
ZN 67 75 80 95 78 59 65 
lU 188 82 115 152 137 127 12L. 
N1 203 38 311 330 S5 2 tl6 76 
Ch 410 257 682 83SJ 219 7'::)7 2:10 

CIP\v NQk1'1b 

QZ 
l. 80 0 • 7 1iJ 1 10 0.90 l. 20 0.90 on 0 50 

AB 16 20 17.80 18.40 17.70 19.10 17.80 24.SIO 
AN 33.20 21) 80 3l.GJ 27 10 28.10 28 40 28 70 
NE - - - 1.20 - - -
DI 26.60 23 Sl0 1G OJ 19 80 21. oe 17.80 1& 70 
HY 4.2D 8 30 3.60 - 12.90 G.Bu 2.60 
OL 15.00 liS 10 24.50 28 10 13.50 23.00 19.90 
l11G 2.20 2.20 2. 2) '2.2,J 2.20 2 Lli:J 2 .1211 
IL 2.00 2 90 2. 7'J 2.60 2.10 2.2U l. 90 
AP 0. 2lJ 0 30 0.40 0.30 0 20 0.3J 0.21:.! 
1) I. 16.(,0 19.50 19 10 2G.00 2 0. 0 ll 19.1(., 2 ~. 8 (' 

~ 
c:o 
~ 



A6 6 fAlRY bRIDGL 1 YlJB BASIC JHNOR IN'll{USlVI:.~ I H.O!v1 ElGG, lv1UCh AND CA!~Nl\ 

E. 7 41D L7434 EA39 MD45 l"'D48 li1D6 3 !•107 2 illD73 1'10119 

hT ~ 

SI02 48.90 48.31 47.49 46.65 46.90 4G.S~ 50.36 50.70 45 83 
AL203 15.13 14. 14 14 92 15 3G 14.08 17.27 13.81 1•j btl 14.40 
fE203 1 54 1. 48 1 47 1 S4 1. 52 2.00 1. 99 1. ~5 1.6u 
fEO 9.12 12.26 1 03 9 81 10 66 10 Sl2 1(J.~2 1P.U7 13.2S. 
MGO 9.67 7.70 8 89 11. 21 11 G4 7 17 7 65 (i. ~ 5 9 o6 
CAO 11 10 11. 35 12.10 10.86 10 34 8.fi5 7 5U 10.34 9.96 
NA20 2 G5 2.111) 2 7t.J 2 94 2.61 4.42 3.59 3.07 2 57 
I\ 20 0 Hi 0.37 0.15 0 18 0.24 0.25 1. 37 0.35 (,). 36 
'II02 1. 41 1. £13 1 G9 1 18 1. 65 2 • .:!0 2.15 l. 70 1. 71 
MNO 0.16 0. 30 0 20 0 16 0 20 0.18 k':) 19 0 23 u 21 
P205 0.15 0 21 0.14 0 10 0 1.!;. 0.2~ 0.47 0 Hl 0 20 

PPtiJ 

BA 87 121 100 180 1337 15~ ~0 \)8 204 
NB 6 7 tl 2 2 10 5 4 3 
ZR 81 29 50 58 70 65 87 87 82 
'i 19 43 14 11 18 17 18 21 29 
SR 265 128 224 316 210 300 2b9 2l11 334 
RB 0 10 ~ 3 4 13 3 3 3 
ZN 64 Sl0 74 50 67 71 55 92 72 
c..u Hi2 28 130 117 132 52 52 82 24 
NI 208 75 113 300 325 71 ~e 22 38 
CH 514 188 325 563 78S 10 120 97 51 

CIPW NOHHS 

QZ - - - .,.. 

OR 0.90 2.20 0 90 1 10 1. 40 1 50 8 10 2.10 2.10 
AB 2.:!.10 20.80 20.50 17.90 20.70 26 • .!;.0 33.10 2G.OO 19 50 
At-1 27 90 26 40 28 HJ 2 8. 2vJ 26.00 26.~0 14.70 25.8d 26 70 
NC - - 1 3t1 3.80 k.l.80 G ~10 1. 20 - 1 20 
DI 21.20 23.60 2 5 3,1 20.30 19.80 12. H1 17. 5'J 2 iJ 00 17.60 
flY 5.L1n G.70 - - - - _, 14 70 -
OL 16 10 15. ~j(J 18 2U 24 10 25.60 1 ~ 7~) 17.30 s.:,o 26.80 
f'ilG 2 20 2.10 2.10 2.20 2.20 2 ~(J 2 SJO 2.2C 2.30 
IL 2 7!1 2.70 3.2U 2.20 3.20 4 4 (J 4.20 3 20 3.20 
AP 0 40 0.50 0 30 0 20 0.30 u 60 1 10 0.40 0.50 
D. I 24.00 23.fHJ 22 70 22.70 22 ~0 33.6i!J 42.40 2tl.(10 22.9U 

c,., 

= ~ 
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APPENDIX 7 

ANALYSES OF ACID ROCKS FROM EIGG AND OIGH SGEIR 

NA - analys~s not ava~lable for th~s element 
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A7.1 ACID HOCKS ~~OM LIGG AND OIGH SG~IR 

L7408 L 74 23 LASS LA2G l::.A28 

~" r% 

SI02 71 85 74 29 75.34 62 44 61 t. 7 
AL203 11 69 12.~2 12 ~2 15 28 1~.42 
l t.203 1 06 1 07 0 99 1 03 1 01 
FE..O 2 05 2 18 2.2C 4.52 4. (57 
MGO 1 08 0 72 0.~5 1 81 2 15 
CAO 5 13 1 4g 0 74 3 51 3.L16 
NL\20 2 89 3.12 2.75 4.72 4.54 
K20 3 85 4.18 4.52 4.65 4.7:.3 
TI02 0.24 0 33 0.27 l. 35 l. 51 
lvlNO 0 12 0. (J,6 0.08 0.08 0.14 
P205 0.03 ~l v.JLl 0 03 0.60 0.G5 

PPM 

BA 862 1182 8G0 1525 1588 
NB 22 20 24 14 17 
Zh 433 426 482 ~54 562 
y 37 3G .14 41 44 
SR 127 59 41 283 296 
RB 121 132 144 55 5~ 
~~~ 97 101 Hll 108 89 
cu 3 5 0 lG 11 
Nl 8 8 1 0 0 
CH. 10 11 14 7 5 

C..IPW NOHM 

oz 30.40 34.80 38.40 7.70 6.5U 
OR 22.60 24 7kl 26.70 27.5D 2b.20 
AB 24.50 26.40 23.30 3Sl.~0 38 40 
l\N 7.60 7.10 3.50 fi.80 7.G0 
Dl 10.90 - - 5.60 ;1 40 
HY - 4 50 Ll.30 7 10 '::;1.00 
MG 1. 50 l. 60 l. t(J 1 50 1. 50 
IL G. SO 0.60 o.so 2 60 2 90 
AP - 0.10 CJ HJ 1 40 l. 50 
D.l 77.60 85 90 88 40 75 10 73 lO 

LA32 Li7~~4 L74~6 

Gl.22 70.97 72.14 
1 ~. 2v1 13.20 13.5'1 
l. 02 1 11 1.11 
5.27 4.71 4.43 
2 31 0.24 C1 4 5 
3.64 El0 l. 28 
4.32 4.81 4.26 
4.60 3.12 2 G9 
l. 63 o.:.1 0.~1 
0.12 0.24 0.23 
0.65 0.(;3 u 03 

1590 87 34 
16 42 40 

541 ~41 537 
44 89 92 

314 119 40 
50 111 112 
88 266 234 
10 4 5 

8 kl lJ 
12 10 10 

7.30 25.10 30 40 
27 20 18.LlvJ 15 80 
36 60 40 70 35 80 

8 5~, 5 20 6.10 
4 Ll() - -
9.~0 7 ~0 7.90 
l. 50 1 60 l. 60 
3.10 1 IJ 0 l. 00 
1 50 0 10 0. Hl 

71 10 84 I 20 82.ll0 

L7406 

G5 51 
16 15 
l. 08 
3.3~ 
0.~5 
2.66 
4.Ll8 
4.0~ 
l. 27 
0 14 
0 33 

2396 
27 

S81 
46 

270 
107 

97 
13 

0 
23 

16.20 
23.~0 
37 SIO 
11. 00 

-
5 :70 
1 50 
2.40 
0 90 

7 8. 'I kJ 

l 744:, 

65 96 
15.82 
l. (., 7 
3 33 
0 82 
2 43 
L32 
4.47 
1 27 
0 14 
0 36 

1977 
26 

fi27 
S4 

244 
103 
113 

4 
u 

24 

16.80 
26.40 
36.6U 
~.70 
-
~.40 
l. 60 
2.40 
IJ. 1:!0 

79.70 

~ 
co 
-..] 



A7 1 ACID HOCKS lH.OJVl J::IGG AND OIGU SGLlR 

CAl CA43 r.A48 fA9 L/\4€' 

'v'l'l % 

SI02 64 67 69.G3 68.50 66 00 G9 85 
AL203 15.99 15 10 16.19 lS 05 15 88 
FC203 l. fJ6 1 01 l. 01 1 03 1 ,;3 
FCO 3 fi2 l. 76 0.51 3.63 1 04 
MC.O 1. 26 0 2L 0.86 l. 22 o. Hl 
CAO 2 99 0. 57 0.51 2.28 0.63 
i'IIA20 5.01 4.85 4 09 4 55 4.80 
K20 3 58 5.SJ2 7 4"' 4 5G S.71 
ri02 l. 32 0.7() 0 79 l. 24 {~. 7 0 
MNO 0 15 0.09 0.02 0.08 0.0S 
P205 0.38 0.11 0 13 0 34 0.11 

PPM 

BA 2511 9115 1131 2375 963 
Nl:l 27 36 30 27 34 
ZR 57 5 1039 1028 5 Cj(j 997 
y 48 50 59 62 47 
SH 277 36 36 231 39 
RB 76 117 96 85 110 
ZN 104 C9 HJO 108 73 
cu 6 0 0 13 3 
NI 0 7 11 l; 0 
Ck 8 15 15 7 15 

C IPW 1WH!"l 

Q2. 13. 2(1 17 00 14 50 15 00 18.80 
OR 21.GD 35 00 4 3 7,3 27.00 33.8U 
AB 42.40 41 00 34 (0 3s.:,o 40.60 
AJ. 10.GO 2.00 1 00 7 20 2.40 
DI 1 50 0.10 - 1 60 -
HY 6.30 1 70 2 10 fi • 2 (~ u 5~l 
l"!G 1. 50 1 50 ..,. l. 50 l. 50 
lL 2 50 l. Ll.YJ 1 10 2.40 1 30 
l\1-' 0.90 0.3() 0 30 n.so (1. 3 () 
JJ.I 7G.80 93.00 92 90 80.40 93. Hl 

L7442 LA24C 

66.96 69 70 
15.15 13 (5 
l. 03 1 03 
3 ~9 2.45 
0.44 l. 3~ 
l. Y2 0.92 
4.48 4.99 
4.70 4.42 
l. 30 0.G.a 
u.11 k.J.81 
0.31 d.' 7 

24fJ1 Y3G 
2Sl 3:, 

G22 594 
')5 64 

228 77 
92 0 

108 G3 
0 2 
0 52 

17 0 

17 30 18.60 
27 8LJ 26.10 
37 90 42.20 
7.40 1 80 
0 HJ l. ':10 
4 8 ~1 6.60 
1 50 1. 5(-7 
2 50 1. 1u 
0 7 yj u.2J 

83 00 86 '::10 

.::>P303B 

65.63 
15.49 

1 02 
3.3u 
0.7~ 
2.58 
4 80 
4.62 
l 27 
0 13 
lJ. 3 4 

N/, 
NA 
NA 
NA 
NA 
1\fA 
NA 

0 
3 

10 

13 50 
27 30 
40 GO 
7.10 
3 00 
3.9U 
1 5lJ 
2.40 
0.80 

81 40 

~ 
cc 
00 
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A7.2 ACID HOCKS 1 ROl'l 1: IGG - ANALYSfS QU01LD HI 

E1 1:.1'20 1:.?21 CP24 C2 

wn 
SI02 67 00 67 Sl3 65.99 66.36 72 20 
AL203 12. 20 12 28 11.63 12 48 11.30 
fi:.2U3 0.70 0 89 l. 85 0.S2 0.90 
F L0 4.00 4 46 5.31 ':;.46 l. 60 
MG0 v'. 18 1 21 0.36 IJ.77 0.22 
CA0 l. 00 l. 69 l. 83 l. 67 0 9e 
NA20 1 53 3 97 4.99 4.46 4.40 
K20 2.80 3 57 3 14 2.lG 2.40 
ri02 0.45 0.49 ~J. 68 0.49 u 31 
M~~ 0 0 19 ~J. 31 0.28 0.22 0 0G 
P205 0 04 0.12 0 17 0.19 0 05 
H20 6 00 3.53 3.55 4.90 5.GO 

l'HL LI 1 CHA I URL 

C4 L6 

72 15 7':; 76 
11 17 9 4-1 

3.37 -
0.9::J 2.84 
0.40 0.36 
U.70 0.71 
3.12 3.21 
s 04 ::,.1':1 
~~. 44 0.15 

- 0.05 
0.14 0.03 
2.82 2.72 

1[{ L28 

66 00 61.53 
15 lu 15.14 
l. ':;(J 0 40 
1 20 ':; 82 
0 69 1 62 
1 20 3 16 
4.90 4 27 
6.20 4 lS 
f). 71 0.4d 
U.ll 0.12 
0.11 0 23 
1.10 3 04 

1:,26 

67.11 
15 98 

1 U3 
l. 91 
0.36 
l. 04 
4 4d 
6 21 
Ll.3G 
0 07 
0 07 
1 51 

~ 
Q 
Q 



APPENDIX 8 

COLLECTION LOCALITIES AND PETROGRAPHICAL CLASSIFICATION 

OF THE EXTRUSIVE BASIC ROCKS OF EIGG, MUCK AND CANNA 

The tables, wh1ch compr1se th~s appendix, cons1st of a gr1d 

referenc~ or an approx1mate locat1on when the gr1d reference ~s not 

known, for each extrus1ve bas~c sample analysed. Also l1sted 1s the 

petrograph1cal type and the last column conta1ns ' v ' when the 

sample belongs to the aphyr1c and sparsely porphyr1t1c group. 

The samples are l1sted 1n the same order as they are tabulated 

1n Append1x 5. 

401 
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A8.1.1 E~gg Basalts 

Sample No. Gr~d Petrography Aphyr~c? 

Reference 

E7413 46858733 Ol~v~ne and cl~nopyroxene phyr~c 
basalt. 

E7422 47839053 Dl~v~ne and plag~oclase phync 
basalt. 

E7427 47859050 Aphyuc hawa~~te. ,; 

E7429 47859049 Ol~v~ne and plag~oclase phyr~c v 
basalt. 

E7430 47839052 Plag~oclase phyr~c basalt. v 
E7432 47839052 Dl~v~ne phync basalt. 

E7444 44898687 " " " 
E7458 46488700 Aphyuc basalt. I 

E7459 46518745 Dl~v~ne and plag~oclase phync 
basalt. 

E7460 c.46398734 Plag~oclase,ol~v~ne and cl~no-
pyroxene phyr~c basalt. 

E7461 c .. 46338742 Dl~v~ne phyric basalt. 

E7463 c.46208748 " " II 

E7464 c.46088751 If II " 

E7465 c.45798733 It ll ll 

E7466 c.45688728 " " " 
E7467 c.45538724 Aphync basalt. 

E7468 c.45418712 Dl~v~ne phyr~c basalt. 

E7469 c.45318705 " " " v' 

E7470 c.45258720 " " " 
E7473 c.45608570 Plag~oclase phync basalt. 

E7474 c.45708570 Ol~v~ne phync basalt. 

E7475 c.45838565 Dl~v~ne and cl~nopyroxene phync 
basalt. 

E7482 47868812 Dl~v~ne phync basalt. 

E7483 47928797 " " " 
E7486 48048798 " ll II 
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Sample No. Gr1.d Petrography Aphyr1.c? 
Reference 

E7487 48228802 Dll.Vl.ne phyr1.c basalt. 

E7493 48618923 " " " 
E7606 47288620 " " " 
E7630 46578640 Ol1.v1.ne and plag1.oclase phync 

basalt. 
E7634 46378618 Ol1.v1.ne and cl1.nopyroxene phync 

basalt. 
E7635 46218593 Oll.Vl.ne phync basalt. 

E7636 46168596 II II II 

E7639 46108539 II " II 

E7641 45928553 Ol1.v1.ne and cl1.nopyroxene phyr1.c 
basalt. 

E7644 48168619 Plagioclase phync basalt. 

E7649 47898525 Oll.Vl.ne phyr1.c basalt. 

E7650 47428522 Dl1.v1.ne and plag1.oclase phync 
basalt. 

E7652 47298525 Dl1.v1.ne and cl1.nopyroxene phync 
basalt. 

E7654 47068529 Ol1.v1.ne phyr1.c basalt. 

E7665 45888532 Ol1.v1.ne and sp1.nel phyr1.c basalt. 

EA8 45348545 Plagl.oclase and ol1.v1.ne phyr1.c 
basalt. 

EA12 47068439 Ol1.v1.ne and sp1.nel phync basalt. 

EA13 47028442 Ol1.v1.ne phyr1.c basalt. 

EA14 47938454 Ol1.v1.ne and plag1.oclase phyric 
basalt. 

EA17 47698565 Plag1.oclase and ol1.v1.ne phync 
basalt. 

EA18 47378573 Oll.Vl.ne phyr1.c basalt. 

EA41 45248450 " II II 

EA42 45218455 Ol1.v1.ne and spinel phyuc basalt. 

EA51 44638679 Oll.Vl.ne phync basalt. 
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A8.1.2 E1gg Hawa1ites 

Sample No. Gud Petrography Aphyuc? 
Reference 

E7472 c.45198619 Plag1oclase, ol1v1ne and 
cl1nopyroxene phyr1c basalt. 

E7479 47638775 Aphyr1c hawai1teo .; 

E7662 47598505 Ol1v1ne phyr1c basalt. v' 

EA16 47838560 Ol1v1ne and sp1nel phyuc 
basalt. 

EA21C* 46328459 Aphync mugear1te. 

EA38 45438442 Dl1v1ne phyr1c basalt. 

A8.le3 E199 Mugear1tes 

Sample No. Gr1d Petrography Aphyr1c? 
Reference 

E7412 47008730 Sp1nel phync mugear1te. v 
E7471 c.4520862l II II II ..; 

EA29 45958451 Plag1oclase, orthopyroxene v 
and sp1nel phyr1c mugear1te. 

* Pebble 1n conglomerate 



405 

A8.2.1 Muck Basalts 

Sample No. Gnd Petrography Aphyr~c? 

Reference 

M7532 40387879 Ol~v~ne and plag~oclase phync 
basalt. 

M7533 40307889 Plag~oclase and ol~v~ne phync 
basalt. 

M7538 40337887 " " ,. 
" " I 

M7543 40777938 Aphync mugear~te I 

M7546 40777939 Plag~oclase and ol~v~ne phync 
basalt. 

M7547 40787939 Aphync basalt. I 

M7548 40797941 Ol~v~ne phyr~c basalt. 

M7568 40038008 " " " 

M7569 39858022 II " " 

M7570 40297891 II " II 

M7571 40297890 II II " 

M7576 40317887 II II II 

M7577 40327886 Plag~oclase and ol~v~ne phyr~c 
basalt. 

M7578 40337885 " " II " II 

M7591 42477938 Ol~v~ne phyr~c basalt. 

M7594 42307935 Plag~oclase and ol~v~ne phync 
basalt. 

M7595 42307936 II II II II II 

M75139 41587856 Ol~v~ne phyr~c basalt. 

M75140 41687856 " " II 

M75141 41617866 " II II 

M75143 41797846 Plag~oclase and ol~v~ne phync 
basalt. 

M75148 41857839 Aphync mugear~te. 

M7603 40547943 Ol~v~ne and plag~oclase phync 
basalt. 

M7612 40517938 " II " II II I 

M7615 40477929 " II II II II 

M7620 40307889 Ol~v~ne phyr~c basalt. 
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Sample No. Gnd Petrography Aphyr~c? 

Reference 

M7622 40287891 Ol1.v~ne phyr1.c basalt. 

M7624 40247899 n n " 
M7627 40297890 " II II 

M7629 40287891 " II " 
M7630 40387908 " II II 

M7636 42397922 Plag1.oclase and oll.Vl.ne phync 
basalt. 

M7639 42687918 Aphync basalt. tl 

M7643 42807938 II " .; 

M7644 42837943 Ol1.v1.ne phync basalt. 

M7648 39357948 " II " 
M7649A 39297949 " " " 

M7658 42217879 " II " 
M7659 42177864 " II " 
M7664 42097857 Plag1.oclase and ol1.vine phyr1.c 

basalt 
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A8.2.2 Muck Basalt~c Hawa~~tes and Hawa~~tes 

Sample No. Gr~d Petrography Aphyr~c? 

Reference 

M75144 41867839 Plag~oclase phyr~c mugear~te. 

M7531 40367880 Aphyr~c mugear~te. 

M7552 40328058 Plag~oclase and ol~v~ne phync 
basalt. 

M7553 40068075 Ol~v~ne phyr~c basalt. v 
M7555 40128081 II " II v 
M7567 40118018 Aphync basalt. v 
M7646A 39327956 Ol~v~ne phyr~c basalt. 

M76518 41887839 Plag~oclase phyr~c basalt. 

A8.2.3 Muck Muqear~tes 

Sample No. Gr~d Petrography Aphync? 
Reference 

M7579 40337885 Opaque phyr~c mugear~te. v 
M7597 42757903 Aphync mugear~te. I 

M75127 40847933 II II I 

M75146 41837840 II II I 

M7608 40547943 II II I 

M7638 42427916 II II I 
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A8.3.1 Canna Basalts 

Sample No. Gnd Petrography Aphyr~c? 

Reference 

C7503 28080596 Dl~v~ne and plag~oclase phyr~c 
hawa~~te. 

C7504 28030594 Plag~oclase and ol~v~ne phyr~c t/ 
basalt. 

C7511 27620631 Aphync basalt. .; 
C7530 27360567 Dl~v~ne phync basalt. ..; 

C7533 27230561 Glomerophyr~c basalt. 

C7534 27050535 Dl~v~ne and plag~oclase phync 
hawa~~te. 

C7548 26700553 Aphync basalt. 

C7553 26890547 Dl~v~ne phyric basalt. 

C7573 25670560 Ol~v~ne and plag~oclase phync 
basalt. 

C7575 26030511 Aphync basalt. I 

C7576 26010590 Aphyr~c basalt. ..; 

C7582 24680557 Aphync basalt. I 

C7585 26840487 Plag~oclase and ol~v~ne phyr~c 
basalt. 

C7586 26450474 Ol~v~ne phyr~c basalt. I 

C7588 26540438 Plag~oclase and ol~v~ne phync 
basalt. 

C7592 27120422 Plag~oclase and ol~v~ne phyr~c 
basalt. 

C7596 27160462 Plag~oclase and ol~v~ne phyr~c 
basalt. 

C7598 27590483 Plag~oclase and ol~v~ne phyr~c 
basalt. 

C7599 28440426 Plag~oclase and ol~v~ne phync 
basalt. 

C75100 28430416 Plag~oclase and ol~v~ne phyr~c 
basalt. 

C75101 28630402 Plag~oclase and ol~v~ne phync .; 
basalt. 

C75104 28770392 Aphync basalt. J 

C75107 29180408 Plag~oclase and ol~v~ne phyr~c 
basalt. 

C75108 29120417 Plag~oclase, ol~v~ne and cl~no-
pyroxene phyr~c basalt. 
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Sample No. Gr~d Petrography Aphync? 
Reference 

C75109 28880422 Plag~oclase and ol~v~ne phync 
basalt. 

C75113 23700577 Plag~oclase and ol~v~ne phync 
basalt. 

C75114 23410614 Plag~oc1ase and olJ.v~ne phyuc 
basalt. 

C75117 23280605 P1ag~oc1ase and olJ.v~ne phync 
basalte 

C75118 23240606 Plag~oclase and olJ.VJ.ne phyuc 
basalt. 

SR246 28060585 PlagJ.oclase and olivJ.ne phyrJ.c 
basalt. 

Cl5 9 mJ.les NW OlJ.v~ne phyrJ.c basalt. 
of Compass 
HJ.ll 
(100 1 below 
s.L.) 

C20 c.1 mJ.le SE Plag~oclase and olJ.vJ.ne phyrJ.c 
of Sanday basalt. 
(140 1 below 
s.L.) 

T522 21290413 Plag~oclase phyrJ.c basalt. 

C7501C OlJ.vJ.ne and plagJ.oclase phyrJ.c 
basalt. 

C7501F 28170612 OlJ.vJ.ne and plagJ.oclase phync 
basalt. 

C7501G DlJ.v~ne and plag~oclase phync 
basalt. 

C7502G 28160611 Aphync basalt. 



A8.3.2 Canna Basalt~c Hawa~~tes and Hawa~~tes 

Sample No. 

C7545 

C75103 

C7505 

C7515 

C7517 

C7531 

C7535 

C7537 

C7538 

C7539 

C7540 

C7541 

C7546 

C7552 

C7558 

C7559 

C7560 

C7562 

C7563 

C7564 

C7566 

C7567 

C7569 

C7571 

C75121 

Gr~d 

Reference 

26950588 

28810385 

28020606 

27510612 

27320585 

27300573 

26680634 

26760610 

26720595 

26720594 

26790599 

26780598 

26950588 

26570586 

26050578 

26060574 

26250536 

26220543 

26330557 

26380572 

25570629 

25430622 

25350597 

25560589 

23540590 

Petrography 

Aphyr~c basalt. 

Plag~oclase and ol~v~ne phyr~c 
basalt. 
Plag~oclase and ol~v~ne phyr~c 
basalt. 
Aphyr~c basalt. 

Plag~oclase and ol~v~ne phyr~c 
basalt. 
Aphyr~c hawa~~te. 

Plag~oclase, ol~v~ne and cl~no
pyroxene phyr~c basalt. 
Plag~oclase and ol1v~ne phyr1c 
basalt. 
Plag~oclase phyr~c hawa~1te. 

Plag~oclase and ol~v~ne phyr~c 
basalt. 
Plag~oclase phyr~c basalt. 

Plag1oclase phyr1c basalt. 

Plag~oclase and ol~v1ne phyr~c 
basalt. 
Plag~oclase phyr1c mugear1te. 

Plag~oclase and ol1v~ne phyr1c 
basalt. 
Plag~oclase and ol~v~ne phyr~c 
basalt. 

II II II " II 

II II II II II 

II II II " II 

Plag~oclase, ol~v~ne and sp~nel 
phyr~c basalt. 
Plag~oclase and ol~v~ne phyr~c 
hawa11te. 
Plag~oclase and ol1v1ne phyr1c 
basalt. 
Plag1oclase phyr~c basalt. 

II II II 

Plag~oclase and ol~v1ne phyr1c 
basalt. 

Aphyr~c? 

I 

v 
I 

I 

I 

I 

410 
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Sample No. Gnd Petrography Aphync? 
Reference 

C75124 22700495 Plag1oclase, ol1v1ne and sp1nel 
phyr1c basalt. 

C75125 23030512 Plag1oclase and sp1nel phyr1c 
hawa1te. 

T520 j Plag1oclase and 0l1V1ne phyr1C 
21530402 basalt. 

T521 Aphync basalt. I 

T523 21270417 Plag1oclase and ol1v1.ne phyrJ.c 
basalt. 

T524 21290418 PlagJ.oclase, olJ.VJ.ne and spJ.nel 
phyrJ.c basalt. 

T525 21350420 Plag1oclase and olJ.vJ.ne phync 
basalt. 

T526 21390423 II II II II II 

T527 21470431 " II II " II 

T528 21510449 II II II II " 
T529 21650451 II II " " " 
T530 21850441 OlJ.vJ.ne and plagJ.oclase phyr1c 

basalt. 
TX 26190540 ? 

TV 26170535 ? 

C75228 27620538 Aphyric basalt. 



A8.3.3 Canna Mugear~tes 

Sample Noo 

SR252 

Gr~d 

Reference 

26440602 

Petrography 

Plag~oclase, ol~v~ne and sp~nel 
phyr~c mugear~te. 

A8.4 Quartz Normat~ve Lavas 

Sample No. 

EA25 

EA30 

EA35 

EA21B* 

EA24B* ~ 

EA24D~ J 
C7518C 

C7536 

C7550 

SR254 

M7653 

Gr~d 

Reference 

46128459 

45888458 

45268471 

46328459 

46278458 

27080518 

26730618 

26720533 

27090502 

41817840 

* Pebble ~n conglomerate 

Petrography 

Plag~oclase, ol1v~ne and cl~no
pyroxene phyr~c basalt. 

" " " " " " 

Plag~oclase and cl~nopyroxene 
phyr~c basalt. 
Plag~oclase, ol~v~ne and cl~no
pyroxene phyr~c basalt. 
Plag1oclase phyr~c mugear~te 

Glassy mugear~te. 

Aphync basalt. 

Plag~oclase and ol~v~ne phyr~c 
basalt. 

" " II " II 

Plag~oclase, cl~nopyroxene and 
sp~nel phyr~c mugear~te. 

Aphyr~c mugear~te. 

Aphyr~c? 

Aphyuc? 

..; 

I 

..; 

412 
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A8.5 Fa~ry Br1dge Type Lavas 

Sample No. Gnd Petrography Aphync? 
Reference 

E7438 46368478 Dl~vine, plag~oclase and sp~nel 
phyr~c mugear~te. 

E7457 46488754 Plag~oclase phyr~c basalt. 

E7632 46688622 Dl~v~ne and sp~nel phync 
basalt. 

C7501E 28170612 Plag~oclase phync hawa~~te. 



APPENDIX 9 

COLLECTION LOCALITIES AND PETROGRAPHICAL CLASSIFICATION 

OF THE BASIC MINOR INTRUSIVE SAMPLES FROM EIGG, MUCK 

AND CANNA 

The tables, wh1ch compr1se th1s append1x, cons1st of a gr1d 

reference for each bas1c m1nor 1ntrus1on for wh1ch an X-ray 

fluorescence analys1s 1s ava1lable. The petrograph1cal class1f1cat1on 

of each sample 1s also 1nd1cated and there 1s a ' v ' 1n the last 

column when the sample belongs to the aphyr1c and sparsely porphyr1t1c 

group. 

The samples are l1sted 1n the same order as they are tabulated 

1n Append1x 6. 

414 
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A9.1.1 E~gg Basalts 

Sample No. Gnd Petrography Aphyr~c? 

Reference 

E7404 46928925 Aphync basalt. ..; 

E7418 47968829 " II v' 

E7433 48029087 " II .; 

E7447 48738437 Plag~oclase and ol~v~ne phync .; 
basalt. 

E7449 48818444 Ol~v~ne and plag~oclase phync I 
basalt. 

E7450 48738447 Aphync basalt. I 
E7613 47218746 Plag~oclase, o1~v~ne and c1~no-

pyroxene phyr~c basalt 
E7626 46578698 ? 

E7631 46688625 Ol~vine and sp~ne1 phync I 
basalt. 

E7633 46668622 Aphync basalt. .; 

E7637 46188594 Plag~oclase, ol~v~ne and sp~nel 
phyr~c basalt. 

E7646 48188584 Plag~oclase and c1~nopyroxene v 
phyr~c basalt. 

E7651 47328526 Dl~v~ne phyr~c basalt. .; 
E7666 45978539 Dl~v~ne and c1~nopyroxene phync 

basalt. 
EA40 45238450 Aphync basalt. v' 

A9.1.2 E~gg Basalt~c Hawa~~tes and Hawa~~tes 

Sample No. Gnd Petrography Aphyuc? 
Reference 

E7615 47168743 Glassy hawa~~ta. v' 

E7402 47178864 Aphync basalt. I 

E7446 48558428 Aphync hawa~~te I 
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A9.2.1 Muck Basalts 

Sample No. Gr~d Petrography Aphyr~c? 

Reference 

M7609 41007941 Plag~oclase and ol~v~ne phyric 
basalt. 

M02 42217913 Plag~oclase and oliv~ne phync 
basalt. 

M03 42237903 Plag~oclase and oliv~ne phyr~c 
basalt. 

M04 42337892 Ol~v~ne phync basalt. 

M05 42247887 " " " 
M06 42227880 Aphyr~c basalt. 

M09 42257861 Plag~oclase, ol~v~ne and sp~nel 
phyuc basalt. 

MOlD 42207858 Aphync basalt. I 

MOllS 42067861 Ooler~te. I 

M012 41987860 Dl~v~ne phync basalt. 

M013 41987857 " " " 
M014 41967858 n " II 

M015 42357923 Aphyric basalt. .; 

MD19A J II " 
42717908 

M0198 " " 

M037 42877928 Plag~oclase phync basalt. 

M044 42887932 Dl~v~ne and sp~nel phyric 
basalt. 

M049 43007950 Plag~oclase and ol~v1ne phyr~c .; 
basalt. 

M053 40327994 Plag~oclase phyr~c basalt. 

MD54-1J Aphyuc basalt 
39287962 

M054-2 Ol~v~ne and sp~nel phync 
basalt. 

M056C 39267970 Plag~oclase and sp~nel phync 
basalt. 

M057A 39247970 Plag~oclase and ol~v~ne phync 
basalt. 

M060 41967866 Ol~v~ne phyuc basalt. 

M061 41967866 " II II 

M065 41947856 If If If 
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Sample No. Gr~d Petrography Aphync? 
Reference 

MD70 41BB7B53 Ol~v~ne phyr~c basalt. 

MD?? 43037953 Ol~v~ne and plag~oclase phync 
basalt. 

MD79 41Bl7947 Aphync basalt. 

MOBO 39477904 Plag~oclase and ol~v~ne phyr~c 
basalt. 

MOB! 39507902 Aphync basalt. 

MOB2 395B?BB7 Plag~oclase phyuc basalt. 

MDB5 39677B7B Plag~oclase and ol~v~ne phyric 
basalt. 

MOBS 39797B82 Ol~v~ne phyr~c basalt. 

M089 39BO?BB3 Aphync basalt. 

MD92 39937B78 Ol~v~ne and plag~oclase phync 
basalt. 

MD95 40027879 Plag~oclase phyric basalt. 

MDlOO 40207B78 Plag~oclase, ol~v~ne and cl~no-
pyroxene phyr~c basalt. 

MD106 40987936 Plag~oclase and ol~v~ne phyr~c 
basalt. 

MD109 407B7931 II II II II II 

MD112 40647926 Aphync basalt. 

MD114 40637921 Ol~v~ne and plag~oclase phyr~c 
basalt. 



A9.2.2 Muck Basalt2c Hawa22tes and Hawa22tes 

Sample No. 

MD57B 

MD75 

MOB 

MOl? 

MD36-3 

M056A 

M067 

MOllO 

Gud 
Reference 

39247970 

41807837 

42277864 

42437918 

42867926 

39267970 

41907857 

40747974 

A9.2.3 Muck Mugear2tes 

Sample No. 

M7520 

M7606 

Gr2d 
Reference 

40818020 

41047935 

Petrography 

Plag1oclase and ol1v2ne phyric 
basalt. 
Plag2oclase, ol1v1ne and cl1no
pyroxene phyric basalt. 
Sp2nel phyr2c hawa11te. 

Plag1oclase and ol1v2ne phyr1c 
basalt. 
Aphyr1c basalt. 

Plag1oclase and ol1v2ne phyr2c 
basalt. 
Plag1oclase phyr2c basalt. 

Aphync basalt. 

Petrography 

Aphyr2c mugear1te. 

II II 

418 

Aphync? 

Aphync? 
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A9.3 Canna Basalts 

Sample No. Gnd Petrography Aphync? 
Reference 

C?506 Oll.vl.ne and plag1.oclase phync 
basalt. 

C?50? 28080585 Oll.vl.ne and plag1.oclase phync 
basalt. 

SR247 Plag1.oclase and oll.vl.ne phync 
basalt. 

A9.4 quartz Normat1.ve Bas1.c M1.nor Intrus2ons 

Sample No. Gnd Petrography AphyrJ.c? 
Reference 

MD? 42267864 Plag1.oclase, clJ.nopyroxene 
and sp1.nel phyrl.c mugearl.te. 

1"1035 j Aphyrl.c basalt. ,; 
42757924 

MD35T Glassy basalt. v 
MD 36M 42867926 Aphync mugearJ.te. I 

1"1099 40227870 Oll.VJ.ne and plag1.oclase phyr1.c 
mugearJ.te 

MD108 40887933 Aphyr1.c mugear1.te. 



A9.5 Preshal Mhor Type Bas~c M~nor Intrus~ons 

Sample No. Gr~d Petrography 
Reference 

E7409 47328750 Plag~oclase phyr~c basalt. 

E7414 46478765 Doler~te. 

SR250 26730642 OllVlne phyr1.c basalt 

M041 42867938 Ol~v~ne and plag1.oclase phyr~c 
basalt. 

MDlll 40687927 Plag~oclase and ol1.v~ne phyuc 
basalt. 

MD116 40607921 Aphyuc basalt. 

MOllS 40547913 II II 

A9.6 Fa1.ry Br~dge Type Bas~c M~nor Intrus1.ons 

Sample No. 

E7403 

E7434 

EA39 

M045 

MD48 

M063 

MD72 

M073 

MD119 

Gnd 
Reference 

46938918 

48059085 

45408437 

42897941 

42987947 

41967866 

41877848 

41867848 

40567913 

Petrography 

Plag1.oclase, ol~v~ne and cl~no
pyroxene phyr~c basalt. 
Aphyuc basalt. 

Plag~oclase and ol1.v~ne phyr~c 
basalt. 
Aphyuc basalt. 

Ol~v~ne and plag~oclase phyr~c 
basalt. 
Ol~v~ne and plag1.oclase phyr~c 
basalt. 
Plag~oclase, ol1v1ne and 
sp1nel phyr1c basalt. 
Plag1.oclase and cl1.nopyroxene 
phyr1c basalt. 
Aphyr1c basalt. 

420 

Aphyr~c? 

..; 

J 

.; 

.; 

Aphyr~c? 
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Figure 2.32 EIGG : Sequencesand Groups 
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