




































































































































































Plate 7. Glomerocrysts and phenocrysts of plagioclase and pyroxene 
in EL 87-176 (Flow). XN, 12 x 9 mm. 

Plate 8. Highly altered basalt flow (EL 87-166) with relict 
ferromagnesian phenocryst. XN, 6 x 4.5 mm. 
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Plate 9. Flow texture defined by aligned plagioclase laths in 
EL 87-169. XN, 3 x 2 mm. 

Plate 10. Fragmental texture of pumice and quartz clasts in 
EL 87-158 (Pyroclastic). XN, 6 x 4.5 mm. 
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Plate 11. Blocky and acicular opaque grains in EL 87-172 (Dyke). 
PPL, 1.2 x 0.8 mm. 

Plate 12. Granular to subophitic texture in basaltic dyke 
(EL 87-157). XN, 6 x 4.5 mm. 
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Plate 13. EL 87-160 (Plagioclase-porphyry dyke) with aggregate of 
chlorite and calcite (green-white) near centre of photo. 
Also dark pyroxene in groundmass and sericitized plagioclase 
phenocrysts. PPL, 12 x 9 mm. 

Plate 14. Highly altered basalt flow (EL 87- 175) with secondary 
opaque mineral as a cavity filling phase and abundant 
chlorite (blue) in groundmass. XN, 12 x 9 mm. 
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APPENDIX A Petrography 

EL-87-157 
Sparsely plagioclase phyric basaltic dyke with granular to 
sub-ophitic texture; slightly altered. 

1% intensely sericitized plagioclase phenocrysts up to 5mm 
40% clinopyroxene, mostly interstitial 
40% plagioclase laths to 0.5mm 
10% subangular opaque grains 
2% chlorite in groundmass 
minor patches of alteration products 

EL-87-158 
Graded bed 
compositional 
altered. 

of pyroclastics/volcaniclastics with 
on a scale of -2mm; moderately to highly 

30% pumice fragments, composed of sericite and opaque minerals 
10% quartz grains 
20 "dusty" opaques, <.05mm 
5% sericitized plagioclase up to 1mm 

EL-87-159 
Basaltic dyke displaying inequigranular to slightly 
porphyritic texture dominated by plagioclase and 
clinopyroxene; slightly altered. 

25% clinopyroxene up to 1mm (subphenocryst size) 
40% plagioclase laths seriate size distribution 0.2 - 2mm 
20% fine grained alteration products (after olivine or other 

ferromagnesian?) 
10% blocky, subangular opaques 
5% brown a~phibole as discrete grains >0.05mm 

EL-87-160 
Plag-Porphyry Dyke; highly porphyritic and moderately 
altered. 

35-40% Subhedral plagioclase phenocrysts up to 7mm, ~40 to 90% 
replaced by sericite 

20% ragged brown pyroxenes in groundmass up to 0.6mm 
20% sericitized plag laths up to 0.3mm 
10% granular opaques up to 0.6mm but rarely >0.1mm 
10% chlorite and calcite (pseudomorphs of olivine?) up to 3mm 

EL-87-161 
Sparsely plag phyric dyke with inequigranular to sub-ophitic 
texture in groundmass; moderately altered. 

1% plagioclase phenocrysts with sericitized cores 
40% clinopyroxene up to 1.5mm, some is interstitial to 

plagioclase 
30% sericitized plagioclase laths 0.2 - 2mm 
20% granular opaques 0.1mm 
10% brown and green chlorite 



EL-87-162 
Fine grained inequigranular basaltic dyke; moderately 
altered. 

50% subhedral plagioclase, moderately sericitized stubby laths up 
to 0. 6mm 

15% anhedral clinopyroxene; slightly clouded, 0.2 - 0.5mm 
15-20% blocky opaque grains 0.2mm; some acicular to O.Smm 
15% chlorite, mostly as discrete,distinct patches 0.2mrn 

EL-87-163 
Glomeroporphyritic amygdaloidal basalt; moderately altered. 

5% glomerocrysts of plagioclase, 5m 
50% Moderately sericitized plagioclase laths in groundmass, 0.2~m 

10% polygonal chlorite pseudomorphs, 0.2mm 
15% interstitial chlorite in groundmass, 0.2mm 
10% granular opaques, 0.1rnm (primary) 
2°o "dusty" opaques (secondary) 
10% calcite in amygdales 
2% zeolite in cores of amygdales 

EL 87-164 
Porphyritic basalt; moderately altered. 

15% relict olivine phenocrysts replaced by calcite and opaque 
minerals 

5% highly sericitized anhedral plagioclase phenocrysts, 3mm 
35% clouded and sericitized plagioclase laths in groundmass, mm 
10% granular opaques. mm 
5% secondary opaques in groundmass 
15% chlorite in groundmass 
15% calcite in groundmass 

El 87-165 
Porphyritic basalt; highly altered. 

15% pseudomorphs of oxides and calcite after olivine, 0.2 - 2mm 
40% sericitized plagioclase laths 
15% granular opaques 
5% dusty opaques (secondary) 
105 chlorite, interstitial between groundmass plagioclase and as 
discrete "pods" up to 0.5rnm 

El 87-166 
Porphyritic basalt; highly altered. 

10% calcite and opaque pseudomorphs of olivine 
2% highly s~ricitized plagioclase phenocrysts, up to 3mm 
50% groundmass plagioclase laths, 0.2mm 
5% acicular opaques 
5% granular opaques 
20% chlorite in groundmass, often with O.Olmm inclusions of 

secondary opaque minerals 
minor groundmass calcite 
10% diffuse brown alteration products 



EL 87-167 
Glomeroporphyritic basalt; moderately altered. 

10% calcite and opaque pseudomorphs of olivine phenocrysts, mm 
5% sericitized plagioclase phenocrysts, mm 
50% sericitized plagioclase in groundmass, mm 
5% granular opaques up to 1mm; both primary and secondary 
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20% brown and green chlorite in groundmass, as distinct bodies up 
to 2mm (with opaque inclusions), and as a vug filling 

minor groundmass calcite 
minor brown and black "iddingsite" 

El 87-168 
Inequigranular to porphyritic basaltic dyke or sill; 
moderately altered. 

10% fractured and clouded clinopyroxene up to 1.5mm 
60% moderately sericitized plagioclase laths 0.2 - 2mm 
10% acicular (skeletal) opaque mineral grains 
5% anhedral and blocky opaque mineral grains 
10% chlorite 
5% dark, cloudy alteration products in association with 

groundmass minerals (mostly after cpx or olivine?) 

EL 87-169 
Porphyritic amygdaloidal basalt with evident flow texture; 
moderately altered. 

15% relict olivine phenocrysts, replaced by calcite and opaque 
minerals 

60% moderately sericitized plagioclase laths in groundmass 
10% granular opaques 0.05 - 0.5mm; some may be secondary 
10% calcite in filled vesicles 
2% radiating aggregates of zeolite mineral in cores of amygdales 
2% silica as vesicle and vug filling 

El 87-170 
Porphyritic basalt, with an evident flow fabric in 
groundmass; highly altered. 

15% relict olivine phenocrysts, replaced by calcite and opaque 
minerals ("iddingsite") 

40% sericitized and chloritized plagioclase laths ~0.1mm 
10% anhedral opaque grains 0.05mm 
15% brown and green chlorite, mostly as diffuse patches 
2% silica as a vug or vesicle filling 
3% fine grained calcite filling vugs and cavities lx4mm aligned 

parallel to flow 
5% calcite and opaques as fracture filling or veinlet 
5% groundmass calcite 



EL 8 7-1-71 
Porphyritic basalt; moderately to highly altered. 

15% relict olivine phenocrysts, replaced by calcite and opaque 
minerals ("iddingsite"}, 0.2 - 1mm 

40% sericitized and chloritized plagioclase laths 
10% anhedral opaque grains 0.05mm 
15-20% brown and green chlorite, mostly diffuse patches in 

groundmass but some associated with calcite as a vug filling 
10% calcite as vein, vug, and vesicle filling 
5% silica in vugs or amygdales, euhedral/subhedral along rim with 

fine grained calcite, anhedral at core with coarse calcite 

EL 87-172 
Porphyritic basaltic dyke; moderately altered. 

10% sericitized plagioclase phenocrysts, 1 -2mm 
5% highly altered and replaced clinopyroxene phenocrysts, 2mm 
5% blocky op~que grains, 0.2mm 
10% acicular opaque minerals in groundmass, 0.2mm 
5% blocky opaque minerals in groundmass, 0.02mm 
35% anhedral sericitized plagioclase in groundmass 
15-20% patchy chlorite and other alteration products in 

groundmass 
10-15% chlorite "pods" or replaced minerals of phenocryst size 

EL 87-173 
Inequigranular to seriate basaltic dyke; moderately altered. 

50% clouded and slightly chloritized anhedral plagioclase, 
nearly continuous size distribution from 0.2 - 1.5mm 

20% clouded and fractured clinopyroxene partly replaced by 
chlorite and opaque minerals, 0.1 - 1.5mm 

15% granular opaque minerals 0.1mm 
15°i, lJro, .. .rn and green chlorite, mostly as distinct "grains" or 

replacement bodies, rare diffuse replacement 

EL 87-174 
Porphyritic basalt; highly altered 

15% euhedral plagioclase phenocrysts, slightly chloritized and 
sericitized, 0.5 - 1.5mm 

10% relict olivine phenocrysts replaced by calcite, opaques, and 
chlorite, 0.5 - lmm 

35% sericitized plagioclase in groundmass, 0.1 - 0.2mm 
10% acicular and blocky opaque minerals (some are secondary) 
15% calcite in filled vugs and vesicles 
minor calcite in groundmass 
10-15% chlorite in groundmass and in association with calcite 
fillings 
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EL 87-175 
Porphyritic basalt; moderately to highly altered. 

5% slightly sericitized euhedral plagioclase phenocrysts up to 
3mm 

5% relict olivine phenocrysts replaced by calcite and opaques 
10-15% acicular and blocky opaque minerals (some are secondary) 
35% sericitized plagioclase in groundmass, 0.1 - 0.5mm 
10% calcite in veins and filled vugs and vesicles 
15-20% chlorite, mostly in groundmass, but also common in rims of 

amygdales, at core of an irregular vug and in veinlet with 
calcite 

5% granular quartz in groundmass and with other secondary 
minerals in vugs and vesicles 

5% radiating aggregates of low birefringence zeolite minerals in 
amygdales with quartz and calcite; also as a groundmass 
replacement mineral in association with quartz 

EL 87-176 
Porphyritic basalt; slightly altered. 

10% anhedral to subhedral clinopyroxene phenocrysts, 2 - 3mm 
5% slightly sericitized subhedral plagioclase phenocrysts, 2-

4mm 
5% relict olivine phenocrysts replaced by calcite, opaques, and 

chlorite 
15% blocky or irregular opaque grains 
30% moderately sericitized and chloritized plagioclase laths in 

groundmass, 0.2mm 
30% chlorite, interstitial and after groundmass plagioclase, also 

with calcite in veinlets and as a fibrous aggregate in 
several fillings or replacements ~3mm 

minor brown amphibole 
minor calcite in veinlets 

EL 87-177 
Porphyritic basalt; highly altered. 

15% relict olivine phenocrysts replaced by calcite, opaques 
("iddingsite"), and chlorite, 1 - 2mm 

25-30% plagioclase laths in groundmass, 0.1 - 0.2mm 
15% blocky and irregular opaque grains (some probably secondary) 
20% groundmass calcite 
5% calcite in vugs 
5% silica in vugs 
10% chlorite, mostly after olivine, some in groundmass 

(heterogeneous distribution, with some chloritized zones or 
areas) 



EL 87-178 
Porphyritic basalt; highly altered. 

15% relict olivine phenocrysts replaced by calcite, opaques, and 
chlorite, 1 - 2mm 

30% plagioclase laths in groundmass, 0.1 - 0.2mm 
15% anhedral opaque grains (some secondary) 
10% calcite in amygdales and veins 
10% groundmass calcite 
5% silica in amygdales 
10% chlorite in veins with calcite and in groundmass 
5'?o patchy brown alteration minerals and "iddingsite" 



Ef 

APL'E:ND I X B 

EL87-157 EL87-159 EL87-160 EL87-161 EL87-1G2 
( 8 ) ( 8 ) ( 7 ) ( 12) ( 4 ) 

(" 02 50.19 46.65 4 ·1 '1'7 51.00 49 . 2 5 >...) • <.. I 

T 02 0 .89 2.71 4.21 0.78 ., 40 
..l... • J 

7\ 'Jr,") 2.82 6 '!C: 7.62 2.65 4 ('\") 
1.::.. ~V._! • .<..-' \)..) 

c:::2c~~ 0 , ,- 0 n'7 0 .01 0 .25 I') 04 • .Lu • \..o' I •,.) . 
F·.::r) 0 . G 4 0 '"70 10.15 0 c. ") :o 81 "-' I v ...J . ...-' ~ 

MnO 0 . ")") 0 ...,, 0 .19 n .21 0 ')") 
i-...J .i......i.. v {.....) 

'1 .-- ('; ., C' . s 9 ., ...., 
~ tl ., ., 1 "1 15.9G 1 Jl ..., q 

'.;;) ·- --- J.....) • ..J... ... / ~..L. .. -!..--:1 ..L..-:t.L.V 

CaO 18.7C 
...,., 

'1 0 ...., ..... 42 19 ")O 19 t. 0 
L-L. • ...l..V L.L.. • .....; u .... 1.) 

Na20 0.23 0.55 0.59 0.29 0 . 38 

Tc)t.:tl 98 .66 99 .53 100.58 100.05 99 .99 

I"""! 0 J16 0.294 n .280 0 ") ., '7 0 ")r"\0 
.:_, _;_ v -'..1..1 .. ......· ~ ,l (.J 

m• 
l l. 0.004 0 .013 0.020 0 .004 0.007 
Al (' .021 0.046 0 .057 0.019 0 .030 
Cr 0.001 0.000 0.000 0. 001 0.000 
Fe 0 .051 0.046 0.054 0.050 0.057 
Hn o-. 001 0.001 0.001 0.001 0.001 
Hg 0.147 0.124 0 .105 0.147 0.13J 
i""'<- n .12S 0 1 A '1 0.152 0.129 0 1 .., 1 

~~) • ..L-:l:L. . -'- _; """-

Na 0.003 0.007 0.007 0 004 o.oo::, 

S~.21n 0 2. 6 4 '1 .r A ") , ..... ... 60 2.66 .i- • \) -1 L.U..J ~ • '>.,) 



Si0:2 
Ti02 
Al203 
Cr203 
FeO 
HnO 
Mr..,(i 
····:J• . ..) 

Si 
Ti 
.l:l.l 
Cr 

Hn 
Hg 
Ca 
Na 

Sum 0 

EL87-163 
( 8 ) 

49.58 
1.45 
3. 7 8 
0.05 

10.46 
n ..,.., 
'J • ~ -J 

18.91 

100.18 

0.309 
0.007 
0.028 
0.000 
0. 0 5:, 
0.001 
0.143 
0.125 
0.004 

2.67 

EL87 172 
r .., ' \ k) 

49.82 
1.78 
3.71 
0.06 

10.40 
0.30 

14.28 
1'J.17 

0.36 

99.90 

0.311 
0.008 
0.027 
0.000 
0.054 
0.002 
0.133 
0.128 
0.004 

2.66 

EL 8 7- 7 J 
( 1 1 .......... 

48.86 
1.99 
4. 0 4 
0.05 
9.46 
0.23 

14.22 
-, () C' A 
.£... v • ...) ..:_:± 

0.44 

99.93 

0.306 
0.009 
0.030 
0.000 
0.050 
0.001 
0.133 
0.138 
0.005 

2.66 

E:S37-176 
( 15) 

50.19 
1.40 
4.58 
0.25 
'i c:o 
I • ..;.J 

0.19 
, c 1 .., 
..L • .) • ':I -~· 

'i(' ~() 
..;;_ v. "- ',.) 

0.52 

100.36 

0.309 
0.006 
0.033 
0.001 
0.039 
0.001 
0. 1,11 
0.133 
0.006 

2.70 



s i 02 

A l2 03 
Fe2 03 
t·1 g 0 
CaO 
N012 0 
K2 0 
T i O:z 
MnO 
F2 [I~ 
L. 0. I . 
TCJT AL 

Ba 
Eb 
Sr· 
y 

Zr· 
Nb 
Th 
F:b 
i~a 

Lr1 

Cu 
Ni 
v 
-!._ .. r 

Sc 
Hf 
Th 
ld 

Co 
La 
Ce 
t-Jd 
Sm 

Eu 
Tb 
·r' b 

LU 

Appendix C: Whole Rock Geochemistry 

Table C1 - Major and Minor Element 
Oxides and Loss on Ignition (wt %), 
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0.11 
0.41 
5.70 

1tJ<). 42 

489 
47 

483 

237 
42 

21 
94 

230 
207 

24.3 

4.32 

51.3 

66.7 
;30. f5 
6.94 
2. 12 
0.81 
1.87 
0.22> 



s i 0:;: 
A l2 03 
Fe2 0:;, 
MgO 
CB.O 
No.2 0 
K:z 0 
T i O:z 
MnO 
P:z 05 
L.O.l. 
TOTAL 

BB. 
Rb 
Sr 
y 

Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
v 
Cr 

~c 

Hf 
Th 
Ta 
Co 
La 

Sm 

Eu 
Tb 
Yb 
Lu 

Notation: 

EL87-177 
Table Cl Continued 

EL87-165Cdup) EL87-171<dup) 

45. 12 
11.97 
8.90 
5.86 

11.26 
4. 15 
1.61 
1.73 
0.12 
0.27 

10.10 
101.23 

1 ()2 
34 

142 
20 

169 
40 
13 

17 
49 

178 
181 
367 

20.1 
4.48 
8.06 
3.90 
29.5 
32.3 
64.1 
28.8 
5.95 
1.82 
0. 7f5 
1.69 
0.26 

43.91 49. 51 
13. 17 12.50 
10. 11 10.39 
4.62 6. !57 

1 ~ 
.J...C::. 27 5.97 
4.20 3. (Jt3 

0.50 2.60 
2.09 ·-:;! 16 .:...... 

0. 15 0.11 
0.27 0.41 
9. 9() 7.20 

101. 19 100.62 

72 508 
1:3 4f5 

200 250 
1fi :-::~ 

L. 1.-~ 

135 209 
23 44 

14 

18 16 
74 73 

358 179 
209 218 
420 .3\33 

not detected during 3nalysis 
not analysed 

94 




