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Chapter 1: Introduction 

1.1 Introduction to Dykes and Dyke Swarms 

are defined as sheet-like intrusions discordant with 

their host rocks <Thorpe Brown 1985) .. In zones o rifting or 

crustal extension are indicators of stress erns, 

filling tensional fractures <Halls, 1982). , and xenoliths 

found within t ially, carry valuable nformation about 

the nature of the Earth at h .. 

More significant than individual , however, are 

swarms defined as series of emanating from a common magma 

chamber <Press & Seiver, 1982) .. swarms are indicators of 

regional stress terns rather than local stress fields. 

Two (the Jeddore and Sober Island ) her 

with another intrusive <the Marshdale intrusive), are 

described and c within this thesis. tives of this 

thesis include determining both the 

affinities of these three intrusions. 

1.2 Background of the Eastern North America (ENA> Dyke Swarm and 
other Related <Mesozoic) Igneous Activity 

magmas occurred during the Late Triassic, in many areas of 

the world including the east coast of Nort Amer 

1 
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Figure 1. 1 Tensional stress field 
during the Mesozoic. 
from (May, 1971) 

[ _____ -------- --- --------------------- ____ J 

• lr.ljenorit'~ of prinnpal \lreH onJ.ca!ed h, 
rhe p..ouern ot Tn.t"rr-fura\>IC dtkc<o. ltne' normal to 
ten,i<~n<ol str<"S\ :lti: convex to the south. Lones nor nul to 
cnmprC',,i,>nal HrC's. are con~·ex to doc nor-th. He.o~vy 

d.1\hcJ lane\ are p<,u,f:tlt· \hear (;;JUh\. 

\0 
0 

VI 
a: 
q: 
w 
>-

80 

240 

250 

NEw ENGLAND REGIONAL 
IGNEOUS EVENTS 

\ 
~~ 
I 

NORTH ATLANTIC TECTONIC EVE~iS 

- Separation of Greenland from Norway 

- Opening of Labrador Sea 
- Cessation of l'llljor fracturinq a1onq t4e~-

[nqland SearrtOunt ct.ain 

- Age of ocean crust at eastern end of 
New England Seamount chain 

- Separation of Newfoundland from Ireland 

- Separation of" Newfoundland from Ibena 

- Bee 1 nn i nQ of rift i nq between r4ewfoundlanc 
and Iberia 

Steady-state spreading of central 
North Atlantic south of Newfoundland 

- Eastward ridge ju~r 

- Separation of eastern North ~T.erica 
from northwestern Africa 

- Reqin~inq of riftinq 1n e~stern ~orth 

America 

-Pre-rifting uplift 

5 

Figure 1.2 : 

Correlation 
between North 
Atlantic tectonic 
events and New 
England igneous 
events after 
(McHone & Butler, 
1984). 
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ENA - Eastern North 
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th he c op are a small ns o ious 

t uding gypsum, calcite, dote, ite granite, 

veins .. The e and variet o hese smal veins 

e complicated histor this compared 

he wo eastern shore 

2.3 Liscomb Complex and Shelburne Dyke 

The Liscomb lex, loc between he Marshdale int usive 

and the eastern shore group f 

utons extending from Pic ou and Colchester counties into 

Halifax and counties (Fig .. 1 .. Giles and 

1986) descr be the lithology and dimensions of these Chatter 

plutons .. Of particular nterest for this thesis are the c 

breccia pipes, associated with the complex, known as the 

Island Lake and the Ten Mile Lake intrusives. 

The Shelburne or Great 

Triassic, 

as it is commonly c led, 

a wel 

south-east 

muc 1 ger 

esul 

981 .. The 

dc•c ument ed diabase found along the 

shore of Nova Scotia. believe it belongs to a 

em o (the ENA swarm), which formed as a 

he opening of the Atlantic Ocean ik &: Bar 

ne strikes approximate! per i ar 
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subhedral in and have eeni 1 r ms 

enc es .. Most the hornblendes have 

1 inclusions of plagioclase, are enclosed hlori e 

of chlor quart and altered 

ibole o the sample nearest contact s eall 

nblende but act i te .. Other ner 

i ude minute <O.. mm andoml distr opaques 

arbonates .. As wel as existing i he matri quartz i also 

found as ver small stringers .. None of the minerals in the 

entages 

shows deformation. 

the Jeddore 

nblende 
altered fel 
chlor 
quartz 
opaques 
carbonate 

The estimated 

are: 

50% 
287.. 
15% 

57.. 
17.. 
1% 

variations noticeable across the width of the 

age modal 

are: 

1 c lorite alteration of the hornblende ncr-eases from the 

contact to the center of the ; and 2) the hornblendes 

est the contact are small euhedr grains, but those closer 

to the center of he are anhedral and si fie 1 

Possible explanations for these variations are: 

hermal fluids coming up frac es found 

at he center of the 

hornblende he c the may been 

to the 

more er c alter ion 
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Table 3. 1 

Amphibole Oxioes Plagioclase Pyroxene Texture 

!Jeddore Dyke so ~ trace chromite 40 1b none seriate porphyritic 
Tschermakitic hb andesine * 
to Tschermakite* 

Sober Island 50 % trace chromi te 40% none seriate porphyritic 
Dyke Tshermakite * andesine lf 

Marshdale 5 % 10 % 60 % 15 % cumulate 
Intrusive A~tinolite to titanomagnetite euhedra 1 augite 

Actinolitic hb ilmenite bytownite 

55%. JO :f, 
Shelburne Dyke none 5 % labradorite augite, opx ophitic 

to. bytownite · &: pigeoni te 

Liscomb Complex none 5 % 5-40 % 5-15% no".t" determined 
not determined augite 

* determined from probe analysis 
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Of the four pl ioc ase grains anal 

sland thin section, little chemical 

This may simp fleet the small samp e size. 

results e still use for comparisons 
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Table 4. 1 

Selected Amphibole Analyses 

JD-4 JD-2 JD-7 SID MD-3 MD-4 MD-2 MD-6 
Si02 44.79 43.22 46.80 42.44 49.48 52.27 50.34 45.46 

Ti02 :t. 5-1 2.64 0.93 2.37 0.74 0.28 0.56 0.29 

Al2o
3 

jO. 70 ~ 1. 87 10.04 12.02 4.38 3.32 1.52 8.36 

cr
2
o
3 

0. 14 0.25 0. 10 0. 2 ~ 0. ~4 0.09 0. 13 0. 12 

*FeO 1 0.64 10.64 13.65 10.76 19. () "1 15.93 32.08 25.75 

MnO 0. ~9 0.23 0.30 0.22 0.43 0.27 0.48 0.56 

MgO 15. ~7 14.93 14.2 1 ~4.84 12.6 ~ 14.30 7.40 7.22 

CaO 'I 
1 • 35 1~.32 j 1. 20 11. ~0 9.44 ~0.83 5.41 8.83 

Na2o 1.28 2.38 J .85 2.27 2. 0 1 0.39 0. 8 "1 1 .• 59 

K20 o.5~ 0.61 0.4? 0.62 0. 18 0.09 0. ~9 0. 19 

97.-16 93.07 99.54 96.83 98.42 97.8 ~ 98.9 ~ 98.36 

Si 6.44 6. 16 6.59 6. 15 7-33 7.62 7.75 6.96 

Al(tv) ~ 1.84 ~. 14 .1&2 0.6? 0.38 2..d2 1.04 
8.00 s.no 8.00 8.00 8.00 8.00 8.00 8.00 

Al(VI) 0.270 0.2 10 0.260 0.200 0.094 0. 188 0.026 0.470 

Ti n. "63 0.294 o. ~94 0.256 0.081 0.030 0.064 0.032 

Cr (). () 16 0.0~6 o.o~s 0.023 o. ~ 16 0.009 0.014 0.014 
Fe.3+ 0.766 11 .768 0.956 0.925 

Mg 3.25 3.23 2.99 3.20 2.78 3. 10 1.70 1.65 
Fe2+ "-5~4 n.462 0.582 0.374 2.029 1.673 3. 196 2.834 

Mn n. 02 1 0.020 0.022 --5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Fe2+ 0.072 0.331 0.277 0.934 0.466 

Mn 0.002 o.oo 1 0.036 0.003 0.053 0.032 0.062 0.071 

Ca ~. 78 ~. 74 j .69 1. 72 1.50 t1.69 0.890 1.45 

Na 0.218 0.259 0.202 0.277 0. j 16 (). 00 j 0 • ., 14 0 .o 12 
2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Na 0.307 0.388 0.303 0.359 0.459 f). j07 o. :28 0.459 

K 0.092 0.097 ~ ~ 0.02.2 0.016 ~ 0.0:2!2 
0 .399 0.485 .38 0.472 0.494 0. 123 - 5 0.494 

* total Fe as FeO 

·-37 
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Table 4. 3 

Pyroxene Analyses 

MD-3 MD-3 MD-4 MD-4 MD-4 MD-4 MD-6 MD-6 -- -- 52.26 50.41 Si02 49.55 52.08 5!. 79 52.20 51.20 49.81 

Ti02 ].65 1. 10 1. 03 1.04 1.25 1. 18 1. 73 1.48 
Al2o

3 2.96 .··1:•53 :.89 1.63 2.07 1. 73 3.34 2.60 

Cr203 0.09 0. j 1 0.08 0. 1 1 0.09 0. 10 0.07 0. 10 

*FeO ., 1.05 ~0.64 10.6 1 12.53 ~ 1. 86 10.93 10.85 9.80 

MnO 0.22 0.36 0.22 0.42 0.42 0.34 0. ~9 0.20 

MgO !3 .93 14.99 15.44 14.38 :J4.66 15.70 14.21 14.27 

CaO "9.54 18.5! 19.23 18.4 ~ 18.34 ~8.64 19.26 20.53 
Na2o 0.58 (). 60 0.53 0.74 0.66 0.56 0.61 0.68 

K20 .JhQ1 0.04 O.OJ 0.06 0.04 n.o,2 0.0:2 0.04 
99.59 99.96 '1()0 .82 10 J. 51 100.59 10 1.46 100. 11 100.09 

Si :.874 1.945 J. 92 j 1. 936 1.914 1.925 1.868 1.889 

Al(IV) (). ~26 n.oss 0.079 0.064 0.086. 8.07,2 o. 1~2 0. 111 
2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Al(VI) o.oos 0.012 O.OOJ 0.007 0.005 0 .o 16 0.004 

Ti 0.047 0.031 0.028 0.029 0.035 0.032 0.049 0.041 

Cr 0.002 0.003 0.002 0.003 0.002 n.oo2 0 .oo 1 0.002 

Mg 0.785 0.825 o.85J 0.795 n.816 0.862 0.794 0.797 
Fe2+ 0.349 0.332 0.329 C.389 0.371 0.337 0.340 0.307 

Mn 0.007 0 .o 11 0.007 0. () J3 0.013 (). 0 10 o.oo6 o.oo6 

Ca. 0. 791 r). 741': 0.764 o. 731 0.734 0.736 0.774 0.824 

Na 0.042 0.043 0.037 0.053 o.o48 o.o4o 0.044 0,1149 

K 0.001 0.002 2.!_00~ n.o02 o.oo j o.oo 1 0 .oo 1 0 .oo 1 
2.0J 2.01 2.02 2.02 2.03 2.02 2.0J 2.03 

Ca. 48.9 38.6 39. 1 37.9 38.0 37.8 40.4 42.6 

Mg 4~.6 43.5 43.7 4, .2 42.2 44.3 41.5 4 j .2 

Fe-4-Mn 18.5 17.9 17.2 20.9 19.8 17.9 18. 1 16.2 

* total Fe as FeO 
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Table 4. S 

Oxide Analyses 

Magnetites 

MD-4 MD-4 MD-4 MD-5 MD-6 -- MD-7 HD-7 
Si0

2 
0.04 0.03 0.09 0.08 0.04 

TiO 2 7.04 3.58 12. 19 17.73 11.48 18. :14 13.28 

Al2o
3 

2.97 1.40 2.83 0.51 0.42 1.00 0 ~ 1 
• ..t ~ 

Cr203 0.75 n.43 ~.82 0.06 0. !7 1. 35 0.62 

Fe2o
3 

51.57 50.40 4;.04 33.87 46.01 31.J 1 42.64 

FeO 36.53 38.78 41.46 47.18 41.49 47.46 42.66 

MnO 0..23 0.27 0.44 0.53 0.31 0.66 0.60 

MgO o.Bs 0.08 o. 15 0.02 o.os 0.02 

CaO 0. 0 1 0.0J 0.0] 0.06 
99.95 99.98 99.99 99.99 100 .o! 99.99 99.99 

mol x; Ti02 
10 ~ ~ 16 20 14 21 16 

mol % Fe2o
3 35 33 26 20 29 18 26 

mol ·t FeO 55 56 58 60 57 61 58 

Ilmenites 

MD-4 MD-4 MD-5 MD-6 MD-7 --Si02 0.03 

Ti02 47.78 45.57 49.65 48.85 48.37 

Al2o
3 

0.02 o.ns 0.03 o.os 

Cr203 0.04 o.o3 0.04 0.07 

Fe2o
3 

9.35 9.64 5.75 7.33 8.02 

FeO 4~.54 41. ~3 43.20 42.53 41.72 

MnO 1. 11 ~.48 1.29 0.96 1. 71 

MgO n. ~5 .'"). ~() o.o6 0.23 

CaO 0. f) ~ n. 0 1 0.02 0.08 
100. nn 98.00 99.99 100.01 ~00 .oo 

mol % Ti02 
48 48 49 49 49 

mol ( Fe2o
3 5 5 3 4 4 

mol % FeO 47 47 48 47 47 
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Figure 4.4. 
Oxide Ternary Diagram 
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Saiple 
Group 11 
Qual 

Ref 

Si~ 

Feu 
KnJ 
~qQ 

LaO 

,., li 
r2L~ 

Total 

r:a 
Cr 
Cc 
Ga 
Hb 
Ni 
Pb 
~b 

:.r 
Th 

Zn 

La 
Ce 
p,. 

Nd 

Sa 
Eu 
6d 
Tb 

D·r 
H;:; 

Er 
Ta 

FeO+ 
F tF+M 

F:b /Sr 
i/Rb 

•IBa 
cEn 

JD-3 JD-4 JD-5 JD-f 
1.00 1.00 1.00 1.00 

0 0 0 0 
1 

54.56 55.38 55.17 55.01 
0.74 0.71 0.66 0.71 

14.90 15.00 14.86 15.37 
B. 60 7. 22 7. 23 7. 90 
0. 23 0.13 0. 15 0. 23 

10.76 10.55 10.76 10.59 
6.07 6.23 7.20 5.69 

1.77 
0.12 

100.00 

661 
811 

13 
17 
7 

173 
13 
57 

335 

18 
120 
93 

13 
27 

7 
J 

• 7 
l.J 

8.60 
0. 451 
C.170 

258 

2.61 
2.01 
0.12 

100.00 

B35 
384 

,.,r, 
£0 

19 
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11 
59 

414 

197 
17 
77 
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14 
29 

7 ')'! 
• LL 

0. 412 
0.143 

283 

,., .,.r 
L •. ).J 

1. 50 
0.13 

100.0(1 

369 
843 

48 
14 

204 
8 

42 
361 

166 
16 
70 
97 

13 
27 

13 

7. 22 
(1• 4•)7 

0.116 
297 

2.03 
2.37 

•U1 
100.00 

798 
769 

14 
14 
6 

139 
43 
81 

295 
., 
J 

,.,.,..,. 
L-J-_i 

18 
! 13 
88 

12 
24 

12 

7. ~0 
.j, 434 

0. 275 
242 

Table 5. 1 

JD-7 SID-1 SID-2 SID-3 MD-3 I'ID-4 MD-5 MD-6 MD-7 GIHtB GD-LAW 
1.00 2.0(i 2.00 2.00 3.00 3.00 3.00 3.00 3.00 4.00 4.00 

0 0 0 

0 

r: 
.J 

53.42 54.28 56.41 53.81 49.36 49.03 50.7(1 48.86 49.81 
2.17 

17.14 
11.79 
0.15 
6. 82 

0.68 0.83 0.40 0.64 2.21 2.78 3.72 2.92 
14.70 16.17 13.70 15.35 17.16 15.18 13.65 15.03 
7.66 7.74 8.00 B.18 11.49 12.99 14.12 13.27 
O.i5 0.14 0.15 0.15 0.16 0.17 0.20 0.17 

11.48 9.50 12.01 10.54 6.79 7.48 4.87 6.96 
7.99 6.88 6.15 7.53 8.99 8.61 7.86 8.97 7. 95 
2.44 
1. 38 
0.11 

100.00 

971 
21 
15 
6 

209 
11 
-rr 
J.J 

379 
3 

186 
18 
75 
BS 

14 
28 

14 

7.66 
0. 4(15 
o. 0~2 

2. 76 
1. 60 
0.11 

100.00 

337 
526 
29 
14 
4 

132 

45 
464 

204 
18 
r::l 
JO 

97 

15 
29 

15 

7. 74 

f ~~ 
la1f 

1. i2 
0.1;} 

100.00 

320 
f"i ... ,.-, 
!i..ki.. 

40 
15 

349 
0 

20 
295 

158 
13 
66 
95 

0. 453 
o. 097' 

2Ci5 

2.25 
1.45 
0.12 

100.00 

392 
726 

79 
17 

248 
0 

2~' 

399 

168 
12 
75 
99 

3.49 
0.22 
0.14 

100.00 

87 

Jr: 
Q,J 

2(1 

165 
5 

rc-'T 
J.J/ 

168 .. 
1! 

10 
2 

3. 33 4.21 3. 41 .}, Q,l 

0.27 0.37 0.26 0.43 
0.16 0.29 0.16 0.11 

100.00 100.00 100.00 100.00 

66 
150 

71 
'"1·'\ 
i.£ 

6 
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443 
0 

231 
10 
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62 

11 

10 

1r: ... 
.J.( 

?'l 
-L 

100 
28 
B 

29 

4 
458 

1 
264 

24 
102 
99 

9 
23 
4 

19 

94 
112 
98 
26 

169 
4 
6 

479 

243 
14 

111 
b2 

5 
12 

10 

157 
44 
i.J 

179 

iO 
469 

0 
192 

B 
58 
51 

11.49 12.99 14.12 13.:7 11.79 
0.632 0.638 0.746 0.65~· ).63c 
0.005 0.018 0.009 0.013 (·J•21 

608 282 759 359 35b 

(i 

r-,. c-r 
~..:-J.,_!j 

1.06 
iL, 96 

0.17 
6. t7 

lt:. 30 

0,15 
100.00 

207 
206 
113 
"' i.l 

10 
7B 
8 

29 
206 

254 ,, 
L~ 

78 
104 

I:'""' '7'1 
.Ji.. 1£. 

1.07 
15.00 
9. 83 
0.14 
6. 39 
9. 84 
2. 63 
" r-,-:r 
L.f..._l 

0.14 
100.00 

9. 83 
:j. 609 
(I.') I)·) 

22.3 20.0 33.8 24.6 35.4 3"i.4 ~!.(1 34.1 2~).0 ..:..:..J 58.3 3C·.l 0.(. 
2.62 2.59 2.60 2.i-•) 2.63 2.60 2.69 2.72 2.71 2.73 :.69 :.65 2.64 
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Table 5. ~ (cont. ) 

Sample LC-TML LC-TNL LC-BIL 
Sroup l! 5.f}) 5.00 5.00 ~ 
Qual 0 0 
Key JD - Jeddore Dyke 
Ref 0 () 

SID - Sober Island Dyke 
Silh 50.36 58.49 53.54 
Ti02 o. 79 1.19 2.08 MD - Marshdale Intrusive 
Al20;5 16.87 18. 9i 19.58 
FeD 8.69 6.32 9. 70 GD-P&B - Shelburne Dyke (Papezik & Barr, 1931) 

KnO 0.15 0.12 0. 37 
KqO 1': 1'i 3.80 4.03 GD-LAW - Shelburne Dyke (Lawrence, 1966) 

i..alL 

CaD 8.D6 5. 97 6.12 

Na2G 
'i ,...,f 
..:;, Ll 3.24 2.90 LC-TML Liscomb Complex, Ten Mile Lake Intrusive 

K2G o. 66 1. 80 1.43 
F'20:5 (1.1(; 0.16 0. 26 LC-BIL - Liscomb Complex, Bog Island Lake Intrusive 

Total 100. O(i 100.00 100' 00 

Ba 167 516 354 Note 
Cr '260 85 40 
Nb 17 23 27 Majors recalculated to 100%, water-
l~i 69 11 14 

1. or a 

Rb 18 57 51 
free basis 

Sr 273 31'2 353 2. All Fe as FeO 
Th 

146 126 no 
1S ')"1 

L.J 
'JC 
L..i 

Zr 86 129 97 

Fe0f 8.69 6.32 9. 70 
F /F+H o. 421 0.629 o. 714 

Rb/5r 0.066 0.183 0.144 
K/Rb 307 262 233 
K/Ba 33.0 29.0 33.5 
den 2. 67 2.52 2.61 
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Figure 5.5 after (Irvine & Baragar, 1971) 
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Calc-alkaline LamProPhre Screen 

Mineralogy 
JD 

1. amphibole + bt. >2·')% 40-50.~ 

2. qtz. + analcime < 10;~ 5% 

3. colour index 35-67 ""' 6J 

4. no olivine, opx, •
0 muscovite, titanaugite (others) v 

Mineral Chemistrl 
AmEhiboles 

wt.%' MgO ') 10 14.2-15.3 

2. "wt.t Na2o } 1.85-2.4 

3. wt •. t K20 o. 3-2 0.47-0.68 

4. wt.~( Ti02 > 1-5-2.86 

r. 

Bulk Rock Chemistrl 
typically 

Si02 42-62% 46-57% 52% 

2. Ti02 0.3-3% o. 5-2t 0.67% 

3. Al2o
3 

9-20% ! ,_ •8% 14% 

4. *FeO 4-. ·t 5- 10~ 8.~ 

5. Y.gO ~-5-·3% 3.5-9.5% 10% 

6. MnO < 0.4~ ( ~.2~ o. 18% 

?. CaO 1.5- 12( 4-9% 6% 

9. Na20 0.5-5' 1.5-4~ 2% 

9. ~f) 0.5- •. ')( ~-6t; 2% 

10. P205 < 2% < l. J% o. 1 a% 

*FeO - all Fe as FeO 

JD - Jeddore Dyke 

SID - Sober Island Dyke 

Figure 5. •O from Rock ( 1984) 
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Si0
2 

Ti02 
Al

2
o
3 

Cr2o
3 

*FeO 

MnO 

Amphibole Recalculation ( 13eNKCa) 

# cations based normalized to 13 anions 
w-t.% on 2} oxye:ens minus Na, K, Ca of 0 

42.44 6.27 6. 15 12.30 

2.37 .262 .256 .514 

12.02 2."9 2.05 ).07 

n.21 .023 .023 .034 

10.76 1.33 1. 30 1. 31 
(.925) 
(.J?4) 

0.22 .025 .025 .025 

~4.84 3.26 3.20 3.20 

11. 10 !. 75 J. 72 1. 72 

2.2? .649 .636 .636 

0.62 _J12 ~ ~ 
96.83 15.77 13 22.537 

Si 6. 15 Fe2+ 

Al(IV) 1M Mn .003 
8.00 

Ca. 1. 72 

Al( VI) .200 Na .277 
2.00 

Ti .256 

Cr .023 Na .359 
Fe3+ .925 K ~ 

Mg 3.20 .472 

Fe2+ .374 

Mn .')22 *FeO - all Fe as FeO 
5.0() 

83 

Fe3+ = 2(23-22.537) 

.925 

Fe 2+ 
1.3C'-.925 

.374 



ix 

Recalculation of Ilmenite 

original cations based cations based normalized 
wt.% on ; oxyR;en on 24 oxygens to 16 catioT?_~ 

Ti02 45.97 .3n63 

11\1203 o.os .0008 

*FeO 50. 10 .3713 

MnO 0.55 /l041 

MgO J 0.80 • D 1D5 ·. ,.1 97.49 
:• .. 

II cations #anions 

Ti ? • ()7 :.4. 14 

Al .018 • 1127 
Fe)+ ~.85 2.?8 
Fe2+ 6.72 6.72 

Mn .O<j4 .094 

l'.g .242 .242 
~ ~ 

Steos : same as for magnetite 

*FeO - all Fe as FeO 

7.35 7.87 

.<H9 • () 18 

8.91 8.57 

.098 .094 

& .242 
1 • 9 16-

Ti02 = (7.07x47.90)+(14.14x16) 

Al2o
3 

= (.018x26.98)+(.027 x16) 

Fe2o
3 

= (1.85x55.95)+(2.73xJ6) 

FeO (6.72x55.85)+(6.72x16) 

MnO (.094x54.94)+(.094x16) 

MgO = (.242x24.31)+(.242x16) 

anions 
of 0 

14. 14 

.027 

8.57 

.094 

.242 
23.073 

col.8 

564.9 

.92 

147.7 

482.8 

6.66 

____2ill_ 
1212.73 

Fe3-=2(24-23.073) 

Fe3_._ = 2( .927) 
Fe3...- = 1.85 

Fe 
2+ 

= 8.5?-1.85 
2• Fe · = 6. 72 

recal. 
wt.?b 

46.51 

0.08 

12. 18 

J9. g 1 

0.55 

0.80 
100.% 

Amphibole Recalculation (all FeO assumption) 

cations based 
wt.% on 22 oxygens 

Si02 52.27 ?.62 Si ?.62 
Fe2+ 

Ti02 0.28 .OJO Al( IV) ~.38 
.2?7 

A~2o3 ).32 .568 8.00 Mn .0)2 

Ca 1.69 
Cr203 0.09 ."~09 

Al( VI) • 183 Na • "I') 1 *FeO 15.98 ~.95 Ti .()J"' 2.('1) 
MnO 0.27 .0)2 Cr .()09 
MgO t4.JO ). 1" FeJ+ Na • 1'17 

CaO 10.93 1.69 Mg J. 10 
K -~ 16 

Na20 0.39 • 108 2+ • 123 
Fe .hill 

KzO O.OQ .o~6 s.n() 
97.Bt 15. ~2 

*FeO - all Fe as FeO 
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Recalculation of Magnetite 

original cat ions based cations based normalized to anions 
wt.% on 1 oxygen on }2 oxygens 24 cations £f__Q_ 

Si02 0.05 Si .8004 .::> n • 0 1 ... .~22 

Ti02 !2. 75 Ti . ~020 3.26 2.82 5.64 

Al20
3 

3.97 Al .0498 1.59 1.37 2.')6 2(32-27.64)=Fe3+ 

Cr2o
3 

~.02 Cr .0085 .272 .235 .352 2(4.36)=Fe3+ 

*FeO ?5.04 Fe .66?7 21.37 18.47 18.47 Fe3+ =3. 72 

MnO 0.2B Mn .0024 .077 .067 .-J67 
2+ 

Fe =9. 75 
MgO 2.34 Mg .·'~37; "!. ~9 ~ ~ 

95.'-l-4 27.77 24 2?.64 

recal. 
# cations # anions col. 3 wt.~ 

Si . ') ! ! .'122 Si02 = (.011x28.09)+(.022xl6) = --:-661 ~ 
Ti 2.82 5.64 Ti02 = (2.82x47.90)+(5.64x16) 225.34 12.83 

Al 1.3? 2.06 Al2o
3 

= ( 1.37x26.98)+(2.06x16) 69.92 3.98 

Cr .235 .352 er2o
3 

= (.235x51.99)+(.352x16) 17.35 1.02 
Fe3+ 3.72 13."8 Fe2o

3 
= (q.72x55.85)+(13.08xl6)= 696.3 39.63 

Fe2+ 9.75 9.75 FeO = (9.75x55.85)+(9.75x16) = 700.5 39.97 

Mn .067 .067 MnO - (.067x54.94)+(.067x16) = 4.75 .27 

Mg ~ __w]_ MgO = ( 1.03x24.31)+( 1.03x16) = ~ M 24 32 1 5 • 1 

Steps 

1. column 2 multiplied by 32 

2. column 3 multiplied by 24/27.77 

3. column 4 multiplied by 2, 1.5 or ! depending on charge of cation 

4. conversion of enough Fe to FeJ+ to make column 5 total 32 

5. # of cations and anions multiplied by atomic weights to get column 3 

6. each value of column 8 divided by 1756.8 to obtain percentages 

*FeO - total Fe as FeO 



i 

86 



gon 

using the 

and an age is 

ion: t = 
<P .. ds, pers. com., 1988) 

These are plotted on a gr such as Figures 6.1 & 6.2 and an 

overall age is then estimated. 

X-Ray Fluoresence 

X-ray fluoresence was used to determine the bulk rock 

analyses found in this thesis. The procedure which involves the 

bombardment of a 

Mary's Universi 

to and is 

in Halifax. This technique is usually accurate 

able to about 1 or 2 ppm. 
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