





















































TABLE 1

CHEMICAL ANALYSIS AND MOLECULAR NORMS

NIM-G

46F 46M 33F1 33F2 33M 104F 104M 51F 51M G-2 G-2% NIM-G
SiO2 69.3 45,25 65.7 61.7 63.0 65. 1 60.0 67.5 60.9 68.3 69.2 74.8 75. 8
TiO2 .9 1.4 «B .45 .5 .6 5 .6 + 5B .6 - ! i
A1203 12.8 19.2 15.0 14.9 14.15 16.0 155 13.9 15,1 14.7 15.4 12.4 11.9
Fe0 3.8 12.5 3.2 3.6 4.4 2.7 6.0 1.9 6.05 2.3 2.4 1.8 2.0
Mg0 +9 3.7 2.5 3.2 4.0 1.3 4.1 .8 3.8 .6 .8 0.0 .05
Cal 3.7 6.9 5.3 5.1 4.8 5.4 5.7 4.7 6.7 2.0 2.0 .8 .8
Na,0 5.0 3.3 4.55 4.5 3:+3 4.9 5.0 6.1 3.75 4.7 4.05 4.0 3.35
KZO <9 1.1 1.4 1.4 1.9 2.0 .8 .7 .5 4.4 4.5 5.0 5.0
TOTAL 97.3 93.35 98.15 94. 85 98.3 98.0 27.6 96. 2 97.35 97.6 97.85 98.9 99.00

MOLECULAR NORM

Qtz 25,6 - 17.5 13.4 17.4 14.95 7.0 19.2 14.1 17.2 28.4
Or 5.6 T2 8.4 8. 11.8 121 4.6 4.2 2.9 26.55 30.0
Ab 46.5 31.0 41.45 42.1 30.6 44.7 45.3 56.5 34.6 43.15 36.45
An 10.2 36.8 16.7 17.1 19.9 15.8 18.0 8.8 237 62 1.2
Ne - .65 - - - - - = = = =
Di 2.4 - 4.9 4.85 2.4 4.7 4.8 4.5 4.7 1.1 -
He 4.6 - 351 2.7 1.35 4.5 3.6 4.45 3.8 1.85 2.4
En 1.3 - 4.5 6.7 10.2 1.2 9.1 - 8.5 1.15 -
Fs 2,6 - 2.9 3.8 5.8 1.2 6.9 - 6.9 1.9 1.4
Fo - 8.2 - - - - - = - = N
Fa - 14.0 - - - - = - - - =
Ilm 1.3 2,15 o7 o7 7 8 « b .8 .8 .8 .l
Wo _ - - - - = - 1.5 - - =
1. U.S.G.S. Standard 2. Granite-National Institute for Metallurgy, Republic of South Africa

* Analyses:

John R. Muysson,

McMaster - Atomic Absorption.

¢l



TABLE 1 (continued)

CHEMICAL ANALYSIS AND MOLECULAR NORMS

76F1  76Mla 76Mlb T6F2  76M2  T6F3  76M3 76F4  T76M4a 76M4b 76M4c
Si0 68.2 55.0  54.6  66.85 49.2  68.2  53.1 63.45 52,1 50.0  51.9
Ti0 .5 .6 7 .6 .7 .5 7 .6 .7 7 .7
AL,0, 13.1 16.6  16.3 15.75  16.1 14.0 16,2  15.0 16.0  15.8  16.0
Fe0 2.4 7.6 7.5 3.1 8.8 2.4 7.55 3.5 8.55 8.0 8.3
Mg0 1.5 7.3 7.1 2.4 8.3 1.7 7.1 2.6 7.2 7.3 7.3
Ca0 5.5 6.7 6.8 5.2 7.2 5.15 6.5 6.2 7.65 7.2 7.5
Na,0 6.3 3.8 3.8 5.9 2.7 5.9 3.5 5.3 3.3 3.4 3.5
K,0 .3 .6 .6 .5 .8 .4 .8 .5 .5 .5 .5
TOTAL 97.8  98.2  97.4 100.3  93.8  98.25 95.45 97.15 98.90 92.9  95.7
MOLECULAR NORM

Qtz 18.0 .7 1.0 14.6 - 19.2 .8 13.4 - - -
Or 2.0 3.7 3.8 2.7 4.8 2.1 4.2 3.2 3.2 3.1 3.1
Ab 57.0  34.5 34,4 52,35 25,8 53,5 32,8  48.7  30.5  32.6  32.8
An 6.7  26.3  25.9 14.8  31.0  10.6  27.1 15.9 28.4  27.9  27.1
Di 8.6 3.5 4.3 5.3 3.4 7.3 3.2 7.5 5.3 5.2 5.7
He 6.1 1.9 2.35 3.2 1.9 4.8 1.8 4.7 3.3 3.0 3.3
En = 18.3  17.65 3.9 15.3 1.0 18.7 3.6 16.6  13.2  14.2
Fs . 10. 0 9.6 2.3 8.4 .7 10.3 2.3 10.4 7.5 8.3
Fo - = - = 5.4 = < = .85 4.1 2.8
Fa - - - 2 3.0 - . 5 .5 2.3 1.6
Ilm .7 .9 1.0 8 1.0 .75 1.0 .9 .95 1.1 1.1
Wo 1.0 - : = = R
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TABLE 2

C.I.P.W. NORMS

Feldspar Clinopyroxene Orthopyroxene Olivine

Q hie Or At? An Wo En Fs En Fs Fo Fa s Cm it
46F 27.43 - 5.56  43.57 10.10 3.61 1.08 2.69 1.21 3.103 - - 1.73 - -
46M - +53 7.10 29,05 36.56 - - - - - 6.84 17.00 2.91 .01 -
33F1 18.94 - 8.46 39.26 16. 72 4.18 2,21 1.84 4.09 3.40 - - .89 - -
33F2 14.56 - 8.81 40. 02 17.26 4.00 221 1.63 6.10 4.50 - - .91 - -
33M 18. 75 - 11.83 28.85 19.85 1.97 1.09 .80 9.20 6.76 - - «91 - -
104F 16.26 - 12.13 42,39 15.93 4.82 2,12 2.69 1. 11 1.41 - - 1.14 - -
104M 7.58 - 4.67 43.23 18. 14 4.44 2.19 2.17 8.32 8.24 - - 1.03 - =
51F 21. 75 - 4.26 53.81 8.87 4.71 2,04 2.66 - - - - 1:.12 - 1.62
51M 15.15 - 2:90 32.57 23.59 4.46 2,13 2,27 7.66 8.19 - - 1. 08 - -
76F1 20.16 - 2,07 54,31 6.69 T TP 3.93 3.65 - - - - - <93 1.00
76Mla .80 - 379 33.00 26.69 2.90 1.62 1.17 16.76 12, 05 - - 1.24 - -
76M1b 1.10 - 3.90 32.83 26.23 3.53 1,97 1.41 16.13 11.55 - - 1.33 - -
76F2 15.96 - 2,78 50. 00 14,93 4.52 2.44 1.92 3.53 2.78 - - 1.14 - -
76M2 - - 4.91 24,62 31.31 2.79 156 1.13 13.86 10. 05 4.64 3.7 1.42 - -
76F3 20.91 - 2:19 50. 84 10. 71 6.38 3.34 2.86 .94 .80 - - 1.03 - =
76M3 -~ 90 - 4.26 31.39 27.47 2,66 1.48 1.07 17.12 12,32 - - I, 33 - =
76F4 14.63 - 3.08 46.37 16. 05 6.45 3.41 2.84 3.26 2,71 - - 1.20 - =
76M4a - - 3,19 28.93 28. 68 4.54 2.42 1.98 15.22 12,45 .68 .61 1.31 - =
76M4b - - 3.14 31..13 28.22 4.35 2.40 1.79 12. 06 9.00 3.52 2.89 1.50 - -
76M4c - - 3.14 31..31 27.43 4.75 2.59 1.99 12.93 9.96 2.41 2,04 1.46 - -
G2! 18. 66 - 26.67 40.78 6.26 1.55 «50 1.10 1. 05 2.31 - - I.12 - -
NIMG?2 30.37 - 29.81 34.09 1.12 1.27 - 1.45 - 1.63 - - 27 - =

1 United States Geological Survey Standard
2 National Institute for Metallurgy, Republic of South Africa.
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TABLE 3

C.I.P.W. NORMS

Feldspar An. content of Pyroxene Olivine
Or / Ab / An Plagioclase Wo /En /Fs Fo/Fa

46F 9/74/17 18.8 49/15/36 - -
46M 10/40/50 55,7 “ 29 /71
33F1 13/61/26 29.9 51/27/22 o
33F2 13/61/26 30.1 51/28/21 -
33M 20/48/33 40.8 51/28/21 -
104F 17/60/23 27.3 50/22/28 -
104M 7/65/27 29.6 50/25/25 -
51F 6/80/13 14,1 50/22/28 -
51M 5/55/40 42,0 50/24/26 -
76F1 2/86/11 11.0 51/26/24 56/44
76Mla 6/52/42 44,7 51/28/20 -
76M1b 6/52/42 44,4 51/29/20 x
76F2 4/74/22 23.0 51/28/22 -
76M2 8/40/51 56.0 51/28/21 -
76F3 3/80/17 17.4 51/27/23 -
76M3 7/50/44 46.7 51/28/21 -
76F4 5/71/25 25.7 51/27/22 -
76M4a 5/48/47 49.8 51/27/22 53/47
76M4b 5/50/45 47.5 51/28/21 55 /45
76M4c 5/51/44 46.7 51/28/21 54/46
G2 36/55/8 13.3 49/16/35 -

NIMG 46/52;2 3.2 47/0/53 -
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MATRIX-FRAGMEINT TRENDS

In rigure 2, the weight percent of the oxides for each fragment-
matrix pair kzve been plotted as histograms. Several distinctions be-
tween the fragments and matrix can be séen. .With the exception of
Sample 33, the fragments are enriched in SiOz and Naz() (sample 104 is
the exception) compared to the matrix. However, the more salic nature of

the fragmente is not supported by the K_ 0 analyses which are generally low

2
in these felsic volcanics.

The more mafic nature of the matrix is evidenced very strongly
in the high Fe and Mg enrichment of the matrix as compared to the frég-
ments. The higher Fe in matrix does not show up in thin section as opaques,
although it could be tied up in the microgranular grouncimass opaques or
clinopyroxene which are more abundant in the matrix. The values of A1203
(Samples 33 and 104 are the exceptions) and Ca0 (Sample 33 is the exception)
are higher in the matrix. Sample 46 shows a high AIZO3 and FeO enrichment
in the matrix as compared to the fragment, correlated with a high enrich-
ment of SiO2 in the fragment as compared with the matrix; this trend being

restricted to tkis sample only and bearing no obvious explanation.
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SAMPLE 76

Four matrix samples and four corresponding fragment samples
were analysed from this sample to check the variability of a pyroclastic
breccia over a small sample distance (i.e. about 20 cm.). Included in
these analyseu were a duplicate analysis from one of these matrix samples
and a triplicate analysis from one of the other remaining matrix samples.
The analyses can be found in Table 1. The matrix analyses all show the
same range of values for the oxides Al_0_,, Fe0O, Mg0, Ca0, TiO, but a

2 3 2

diversity for 5102, I%O and NaZO. Several of the matrix samples are
the only ones to show low total oxides which may possibily be attributed
to a higher volatile content.

The fragments do not bring out any similarities among each
other, having a great diversity in each oxide as well as having distinctly
different compoasitions compared to the matrices.

In Table 4, standard deviations have been calculated for each
oxide of the triplicate analysis. The greatest variability in the oxides
occurs in the SiOZ, Fe0 and Ca0. A standard deviation for the duplicate
analysis was not calculated since a standard deviation calculation on two
pieces of data is meaningless. In Table 5, standard deviations of the

four matrices (using means of the duplicate and triplicate analyses as

found in Table 4) and four fragments have been calculated. The standard



TABLE 4

STATISTICS OF ANALYTICAL PROCEDURE (Sainple 76)

Duplicate Analysis

76M1a1 76M1b1 Mean
SiO2 55.0 54,6 54,8
’J.'1O2 .6 .7 . 65
A1203 16.6 16.3 | i6.45
FeO 7.6 1.5 7.55
MgO0 T3 7.1 T2
Ca0 4.7 6.8 6.75
Na.ZO 3,8 3.8 3.8
KZO .6 .6 .6

Triplicate Analysis
. .3
76M4a 76M4b2 ’76M4c2 Standard Mean
Deviation

SiO2 5z.1 50.0 51.9 «95 51.3
TiO2 i T .7 .7 - .7
A1203 16.0 15.8 16.0 .10 15.9
FeO 8.55 8.0 8.3 s 8.3
Mg0 7.2 7.3 7.3 . 06 7.3
Cal 7.55 7.2 7.5 «+19 7.45
Naz‘o 2,5 3.4 3.5 .08 3.4
K. 0 .5 .5 .5 - | 5

20



76Mla and 76Mlb are duplicate analyses (pellets made from
one crushed powder)

76M4a, 76M4b and 76M4c are triplicate analyses (pellets
made from one crushed powder)

s x2 - sz

N N

Standard Deviations =
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deviations of cach of the elements in the matrix of Table 5 are greater
than the standard deviations of each of the corresponding elements in the
matrix of the triplicate analysis in Table 4 (i.e. SiOz standard deviation of
the four matrices in Sample 76 (Table 5) is 2. 08 whereaé the SiO2 standard
deviation of the {riplicate analysis (Table 4) is 0.95). Therefore, the
variation in the composition of the four matrAices in Sample 76 is not due

to the error i1 analytical procedure. Also, the means of the fragment

and matrix in Table 5 show a distinct composition. .

NORM CALCULATIONS

The molecular norms (Table 1) and C.I.P.W. Norms (Table 2)
show the sam« trends. The matrices of the samples have less quartz (in
some cases none at all) than the fragments,and the matrices have moré Fe-
Mg minerals such as En, Fs, Fo, Fa (fragments have no Fo and Fa) than
the corresponding fragments. These trends were obsered in thin
section although none of the thin sections revealed any olivine (Fo and Fa).
The matrices zlso have a higher An content but because of the alteration of

primary plagicclase in thin section, this could not be verified.
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TABLE 5

STATISTICS OF SAMPLE 76

1

___FRAGMENT MATRIX =

Mean S.D. o Mean : 85: D, :
S:‘LO2 66.7 1.94 52,1 2.08
TiO2 _ . 55 . 05 . 69 - .02
A1203 14.5 1.00 16.16 | .20
Fel % 88 .47 8. 05 «53
Mg0 2.05 .46 7.48 .48
Ca0l 5.5 .42 7.0 37
Na.ZO 5.85 + 36 3.3 ; .40
KZO .4 . 08 o T »13
1, 4 fragment samples
2 4 matrix samples (includes means of duplicate and triplicate

analyses)

3. Standard Deviation = 66% accuracy
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Colour Index (Mole %) vs. Anorthite Content Plot

Tlie plot of colour index (mole %) versus anorthite content
(figure 3) is adopted after the scheme by Baragar and Goodwin (1969)
and is fully discussed in that reference. The colour index is taken as the
total normative pyroxene, olivine, magnetite, ilmenite and hematite.
This type of plot nvercomes the problem that no primary minerals are
present and is a useful classification for mafic to intermediate rocks,
differentiatiny between basalts, andesites and salics.

The analyses of the Kakagi Lake matrix-fragment pairs
show that the matrices are essentially of andesitic comﬁosition whereas
the fragments are salics.

KZO-NaZO-Ca(‘ Flot

The Kakagi Lake acid volcanics plot as low alkali tholeiites
and fall on the tholeiitic side of the tholeiite-alkali basalt divide of
MacDonald and Katsura (1964). On the KZO-'NaZO-CaO plot (weight percent),

Figure 5, the fragments and matrices have little K_O but generally follow

2
the Baragar and Goodwin (1969) trend of Line 1. The matrices fall into
the andesitic rzige of the basalt-andesite-salic trend for the Canadian
Shield and the fragments trend more towards the salics.  The high values of

NaZO in the analyses are reflected here by a slight shift of the data points

off the Baragar and Goodwin trend (Line 1) towards the NaZO corner.
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The data poinis do not fit the Nockolds (1954) trend (Line 3) again

being displaced towards the NaZO corner. A correction of the NaZO
values based on a 0. 7% error in G-2 and NIM-G, as discussed in the
Chemical Analyses, would shift the data points back tbwards the Baragar
and Goodwin trend (Line 1) and Nockolds trend (Line 3). However, more
data points wauld be useful in determining the trend of the analyses and

whether any ccrrelation could be made with previously determined

' trends.'

A-F-M Diagram

The AFM plot (Figure 4) divides the matrices and fragments
into two distirct groups. The matrices are more F (iron) enriched and
the fragments are enriched in A (alkalis). The data points parallel the
Baragar and Goodwin trend (Line 1) and the Nockolds (1954) trend but
do not show the i:ron enrichment found by Clifford and McNutt (1971)
at Mount St. Joseph. This diagram only helps to reinforce the andesitic

matrix and salic fragment trend found in the previous diagrams.
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General Discussion

The Kakagi Lake felsic volcanic sequence has undergone some
alteration. If this alteration is isochemical, then the aralyses can repre-
sent the original éomposition but if the alteration is metasomatic (i.e.
leaching of alkalis), then the analyses cannotbe taken as representing the
original composition of these rocks before metamorphism. °

A great deal of work has been done on the Lake of the Woods-
Kakagi Liake volcanic sequence by A. M. Goodwin but evérywhere the frag-
ments were igno.red. Therefore, such a study was considered unique for
this area, hoping to establish whether any relationship existed between the
fragments and matrices. Some relationships do exist and have been sum-
marized earlier in the discussion but these must be appraised critically
considering the limited number of samples and the prejudice of the author
in choosing only fragments which were discernible from the matrix.

A comparison of the fragments and matrices (averaged for all
the analyses) in Table 6, with those of the Average Chemical composition
of Archean Volcanic Rocks (Andesite and Rhyodacite) in the Superior
Province of the Canadian Shield (Goodwin, 1968, Table 4), shows that

Al,0

matrix agrees reasonably well with the Andesite in in SiOz, TiOZ, 203

FeO, Ca0 but is higher in Mg0, Na_0 and KZO’ whereas the fragment agrees

2

, Ti0,, Al,0,, Fe0, MgO,

reasonably well with the Rhyodacite in SiO2 2 203

higher in Ca0 and Mg0 and lower in K20°



TABLE 6

COMPARISON OF CHEMICAL COMPOSITIONS

Average  AVErEe  pidesite! Rhyodacite! Conadizn”
SiOZ. 66. 2 54,7 54,7 67.3 64.93
TiOZ .6 e/ .99 .51 .52
A1203 i4.5 16.1 15.0 14.8 14, 63
Fel 3.0 7.6 7.64 3.44 2.75
MgO 1.9 5.7 4.50 1.55 2.24
Cal 5.1 6.5 6.39 . 313 4,12
NaZO 5.4 3.6 2.79 3.07 3.46
K,0 .9 .9 BB 1.40 3,10

i. Goodwin, 1968, Table 4, pg. 75.

2. Shaw et al., 1967, pg. 829.



30

Thne average for the fragment (Table 6) agrees reasonably
well with the average composition obtained by Shaw et al. (1967) in Table 6
from 8512 rocks of the Canadian Shield with values of SiOZ, TiO

’ 0’
2 Al23

FeO and Mg0 showing little variation whereas Ca0 and Na_0 are higher

2

and the KZO showing a very high deficiency. Goodwin (1968) finds that a

deficiency in KZO is a common characteristic of Archean volcanic rocks.
Goodwin (1968) also concludes that these Archean rocks have a high vola-

tile (CO, and HZO) content which may account in part for some of the

2
lower oxide totals in Table 1.

A characteristic which is common of most Archean volcanic
rock belts is the generalized ascending stratigraphic order in a volcanic
pile of basalt-andesite-rhyodacite-rhyolite which is also an order of de-
creasing abundance (Goodwin 1968). This is a change from mafics to salics
accompanied by an increase in Si, Na, K, and Al and a decrease in Fe, Mg,
Ca and Ti as t';t.e pile is ascended. This trend has been found by Baragar
and Goodwin (1669) in the Kakagi Lake volcanic sequence. However, because
of the limited sampling and little vertical scatter of thé samples, these
trends could not be. inferred from the author's data. Several theories
are possible for this sequence among which are carystal fractionation of a
tholeiitic type parent magma (or fractional melting) or contamination of a
basaltic magma by salic crust material or a combination of the two.

Baragar and Goodwin (1969) favour the crystal fractionation theory but

any simple explanation must be approached with caution.
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CONCLUSIONS AND RECOMMENDATIONS

Thiz major element study of several acid volcanic fragment-
matrix pairs from the Kakagi Lake area, Northwestern Ontario, revealed
several trends. The matrices are found to be andesitic in composition

and enriched in Fe and Mg and deficient in Si0_ compared to salic frag-

2
ments of rhyodacitic composition,

According to Baragar and Goodwin's work (1969), the trends
obtained in this study agree reasonably well (i.e. trends on the colour

index versus anorthite, K, 0-Na, 0-Ca0 and AFM plots).

2 2
Detailed analysis of one sample showed that variability in
composition of a rock over a few inches was a property of the rock and
not one of analytical procedure. However, this should be checked further
with more analyses as the limited number of samples has obviously res-
tricted the interpretations. A more detailed investigation of the problem
is needed with correlation to other areas of suspected similarity and the

relationships obtained in an ascending volcanic sequencé should be further

investigated with special emphasis on fragment distribution and analysis.
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TABLE 7

X-RAY FLUORESCENCE SPECTROGRAPH SETTINGS

1. ) 1. 2 1. z. 3. 1.
Element Fe Ti Ca K Si Si . Al Al ., Mg Mg Na Na
Crystal Angle (20) 57.1°  86.15° 113,18° 20.62° 79.37° 78.54° 114.99° 114.56° 107° 107°  24.15° 24.35° 1. All samples except
Background (26) - - — - = ® - & 104° 104° 20° 200 those in 2.
2. Only samples: 46M,
Tukz o T ik G i o e e o i e S e B 76Mla, 76Mlb, 76M2,
Voltage (Kv) 50 50 40 40 I e e 50  memmmemm e a3 > 76M3.
Current (mA) 30 30 10 10 R it R 30 e 3. All samples except
Collimator Cmmmmm Fine -------- I R e Coarse —--mmmmmm 2D hakedae.
X -Ray Path Air Air e st T VaCUUM === mmmmmmmmmmmmm e e e meem oo 5| %o Only samples: 33FI,
. 5 - - 11 vy 33F2,104M, 46M,
Crystal PR LiF(200)”" --==2 b e PET’" -------------3 ADP ' ADP ' RBAP 'RBAP 76Mla, 76Mlb, 76M2,
Time (secs.) PR Y — T T SO o1 R L
Counts ax10®  10% ax10® 10° 10° 10 ax10® ax10® 10 1ot axiot axao? Ve ZEELCHOG et
3 Fluoride.
Att tion =0 e e e e e e e T T pepuyapu
enuation % . % 6. FPC: Flow Pro-
Counter L e e e e FPC o mmm e e e e portional Counter.
7. .
Gas Flow s e e S 0.8 B0 cemammmmesmmme s wee s s s T, Oasy B-10: 0%
Argon, 10% Methane.
Counter Voltage {IM) oqe 505 505 435 450 500 470 490 490 490 500 500 _
(Scale Divisions) 8. fph: Cubic feet per
Thresisls - - - - - . . 110 155 130 150 75 hon¥.
(Scale Divisions)
Window 9. PET: Penta-
(Scale Divisions) = - = - = - - 130 175 170 200 175 Erythritol

10. ADP: Ammonium-
Dihydrogen Phosphate

11. RBAP: Rubi dium
Hydrogen Phthalate
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