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Introduction

The data reported here form the basis of an on-going
study of the geochemistry of Missi Group volcanic rocks in the
Wekusko Lake area, Manitoba. Results of the project will:

1. provide a geochemical reference section
characterizing the youngest recognized supracrustal rocks in
the Flin Flon belt. This will aid the recognition of similar
rocks in adjacent high grade terrains where metamorphism and
deformation have obscured stratigraphic relationships.

2. provide evidence on the nature of igneous processes
in an BEarly Proterozoic volcanic arc.

The Wekusko Lake area lies near the east end of the
Early Proterozoic Flin Flon - Snow Lake volcanic belt. The
area has been mapped by Btockwell (1936), Armstrong (1941), and
Frarey (1950). Shanks and Bailes (1977), Gordon (1981), Cerny
et al (1981), Gordon and Gall (1982), Bailes (1985), and Galley
et al (1985, 19868) have reported on various aspects of the
local geology.

Missi Group volcanic rocks include basalt, andesite,
dacite, and rhyolite flows and breccias as well as
volcaniclastic layers. They are intruded by quartz-feldspar
porphyry and gquartz-eye granite. The extrusive rocks
stratigraphically overly cross bedded sandstone and polymictic
conglomerate in a northeast trending synform immediately east
of Herb Lake townsite. All rocks in the area have experienced
two major episodes of deformation and have been metamorphosed
at greenschist facies or higher grade. Based on the absence of
pillow structures, and the appearance of flattened shards in
felsic volcanic rocks, Shanks and Bailes (op. cit.) and Gordon
and Gall (op. cit.) suggest that the Missi Group volcanic rocks
were deposited subaerially. Gordon et al (in press) report an
1832+/~- 2 Ma. U-Pb zircon age for a Missi Group rhyolite.

Sampling Method

Samples were collected using an unbalanced hierarchical
sampling design (e.g. Garrett, 1883). The highest level in the
design was defined by seven volcanic units plus two intrusive
units (quartz- feldspar porphyry and quartz-eye granite) as
shown on Figure 1. Within each of the nine units, one to
eleven sample sites were selected. Poor exposure and glaciated
outcrops restrict the number of sites at which samples can be
readily obtained by sledge hammer, hence random selection ,
techniques (Cameron et al, 1979) were not used. At each site,
one to five outcrop samples were collected within a ten metre
interval across strike. FEach sample consisted of a single
three to five kilogram piece of unweathered rock.




Samples were trimmed with a diamond saw to remove any
vestigial weathered material, and chips were saved for thin
section preparation. The remaining material was crushed,
approximately 100 grams were split and ground to -250 mesh and
the resulting powder submitted for analysis. Duplicates of
several powders were analyzed along with the original material.

Petrography

Representative samples from each unit were chosen for
thin section examination. Mineralogy and estimated modes are
given in Table 1. The original textures and mineralogy have
generally been destroyed by metamorphism, but in a few samples,
feldspar and/or quartz phenocrysts are recognizable.

Analytical chemistry

Analyses reported in Table 2 were obtained in the
laboratories of the Geological Survey of Canada. The elements
i, Ti, Al, Fe, Mn, Ca, Na, K, and P were measured by
wavelength dispersion X-ray fluorescence, following fusion in a
lithium tetraborate-lithium fluoride flux. COz2(T), H20(T),
and S were determined by infrared absorption of gases evolved
on ignition. FeO was determined by the Wilson method. Nb, Rb,
Sr, Y, and Zr were determined by energy dispersion X-ray
fluorescence, while Co, Cr, Ni, and V were measured by optical
spectrometry. Table 3 shows laboratory estimates of accuracy.

Rare earth and trace element data presented in Table 5
were obtained from Nuclear Activation Bervices Limited of
Hamilton, Ontario. The company’s quoted detection limits are
given in Table 4.

Preliminary results

Classification

Major element compositions straddle the tholeiitic -
calc-alkaline boundary in the usual classification schemes.
On an AFM plot (Figure 2), most unit C site averages fall in
the calc-alkaline field of Irvine and Baragar (1971); while
most unit F site averages and all unit H site averages plot in
the tholeiitic field. Using Miyashiro’s (1874) criteria, most
of these averages are classified as tholeiitic.

Trace element analyses of the mafic units fall in the
calc-alkaline basalt fields of Pearce and Cann (1973) (Figure

"3), and the destructive plate margin field of Wood (1980)

(Figure 4).



Comparison with Amisk Group rocks

Parslow and Gaskarth (1984, 1986) report means and
standard deviations of analyses of some Amisk Group volcanic
rocks, classified by silica content. The Missi Group analyses
reported here were similarly subdivided and the resulting means
tested for equality with the Amisk Group values. The means of
Missi Group "basalts", "basaltic andesites", and "andesites"
(weight percent silica < 53, 53 - 55.9, and 55.9 - 61.9,
respectively) are significantly higher in Al203, Fe203,

K20, P205, Rb, Y, and Zr; and significantly lower in FeO,
MgO, Ni, and V. In rocks with greater than 61.9 % silica only
the relationships for MgO, Rb, and Zr are significant.

These results contrast with those of Bailes (op. cit.),
who found Missi Group basalts in the Saw Lake area to be TiO2
and Ni rich with respect to analyses of "typical"” Amisk Group
basalts. It is apparent that geochemical characterization of
individual stratigraphically defined volcanic units will be
extremely useful for correlation, but that the "Amisk" and
"Missi" divisions are too broad to be chemically distinct.

Petrogenetic processes

Site averages of oxides and trace elements in units C,
¥, and H vary systematically with stratigraphic position.
Within unit C, the concentrations of TiOz2, K20, P20s, total Fe,
Rb, Nb, Y, and Zr increase stratigraphically upwards, while the
concentrations of MgQ0, Ca0, and Ni decrease. Compositions in
Unit H have the opposite trends. Unit F displays less regular
behaviour, but does show an upwards decrease in MgO, Ca0O, and
Y. Figure 5 illustrates a typical geochemical section. The
regularity of these trends suggests that consecutive eruptions
sampled a magma or magmas having compositions controlled by
simple igneous processes.

Log-log diagrams of trace elements having very
different geochemical behaviour may be used to discriminate
between magmatic suites that have evolved by fractional
crystallization, partial fusion, or mixing processes (e.g.
Cocherie, 1986; Gill, 1981). Regression lines fitted to unit C
analyses for such elements are significant and have steep
slopes, consistent with magma evolution controlled by
fractional crystallization. Data from the other mafic units (F
and H) are scattered and have shallower slopes, probably
reflecting magma mixing or contamination. Figure 6 illustrates
this behaviour.

Rare earth element patterns of most units (Figure 7)
have negative Eu anomalies, suggesting that source melts were
in equilibrium with plagioclase. The moderate to large REE
total contents and LREE/HREE ratios are consistent with
fractionation of amphibole or pyroxene.




Bite averages of major element concentrations of
units €, F, and H have regular trends when plotted on the
olivine and diopside projections of Cawthorn and O’Hara (1976)
(Figures 8 and 9), but these do not correspond to simple
fractionation models. When the data are treated by the method
of Grove and Baker (1984) (Figures 10 and 11) there is a
similar lack of correspondence with simple fractionation
trends. Missi Group volcanic rocks have relatively high
magnetite contents, a phase not considered in deriving the
pseudo-ternary diagrams. This may provide a partial
explanation for the lack of correspondence of rock analyses
with experimentally determined cotectics and reaction curves.

A model involving both crystal fractionation and
mixing/assimilation will be required to account for all of the
compositional variations observed in Missi Group volcanic rocks.
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1:
2

Sample locations. Geology from Stockwell (1936).

AFM plot of site average compositions.

Calc~alkaline - tholeiitic boundary from Irvine and
Baragar (1971).

3:

Ti-Zr-Y plot of site average compositions. Field

boundaries from Pearce and Cann (1973).

A:

low K tholeiites; B: ocean floor basalts, low K

tholeiites, and calc-alkali basalts; C: calc-alkali
basalts; D: within plate basalts.

4:

Th-Hf-Ta plot of site average compositions. Field

boundaries from Wood (1980). A: N type MORB;

B:
C:

E type MORB and tholeiitic within-plate basalts;
Alkaline within-plate basalts; D: Destructive plate

margin basalts and differentiates.

5H:

Variation of site average Y with stratigraphic

position. Composite section derived from field
observations and map of Stockwell (1936).

6:
7

‘B8ite average logio ppm Cr vs logio ppm Rb.

Chondrite normalized rare earth element patterns of

typical samples.

8:

Site average weight percentage projection from

olivine, vapor, and Naz20. Projection and field
boundaries from Cawthorn and O’Hara (1976).

9:

Site average weight percentage projection from

diopside, vapor, and Na20. Projection and field
boundaries from Cawthorn and O’Hara (1976).

10:

Site average oxygen units projection from

plagioclase. Projection and field boundaries from Grove
and Baker (1984).

11:

BSite average oxygen units projection from

clinopyroxene. Projection and field boundaries from
Grove and Baker (1984).
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Table 1 {cont’d}
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Table Z: Beochemistry of Missi Brouwp volcanic rochks, Wekusko Lake, Hanitoha
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Table 2 {cont'd}: Geachemistry of Hissi Group volranic rocks, Welusko Lake, Manitoha
Unit B - quarts feldsper porphory
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Table Z {cont'd): Geochemistry of Missi Group volcamic rocks, Wekusko Lake, HManitoba

Unit T - andesite and besalt {lows and brecria
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Table 2 (cont'd): Geochemisiry of Rissi Group volcanic rocks, Wekusko Lake, Manitoha

it © - andesite and basalt flows and breccis
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Tabie 2 {cont'd): Geochemisiry of Missi Growp voloanic rocks, dekusko Lake, Manitoha

thit € - sndesite and basalt flows and breccia
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Table 2 {cont'd): Geochemistry of Missi Growp volcamic rocks, Mebusko Lake, Hanitoba

Unit D - fuff

Di-1 D17 D13 D4
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Table 2 (cont'd): Beochenistry of Missi Group volcanic rocks, ¥ebusko Lake, Wenitoba

it E - rhyolite
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Table Z {cont’d): Beochemistry of Missi Group volcanic rocks, Mekusko Lake, HManitoha

tnit F - andesite and basalt flows and brecoia
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fable 2 {cont'dbe Geochesistry of Wissi Broup voleanic rocks, ekusho Lake, Manitoha

tnit F - andesite and basalt flows and breccia
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Table 2 {cont'd)e Geochemistry of Missi Growp volcanic rocks, Yehuske Lake, Manitoba

Unit F - andesite and basalt flows and breccia

-4 P33 F36 Fi-1 FI-2 FI03 FH-4 RIS Fib-6 - FHIIY FHIZ
Sl S0 S5 S0 W TLE0 GRG0 SL0 G0B0 S0 SRED ARI0 0.3 SRE0 N%0 540
Tidz g7 LB LB LI L5 Lo LE 5§ G50 LI LiE % L3 Lu
Alos 17,20 1500 1670 1680 1650 1680 190 1640 1670 W0 IS0 1620 1670 1540 1520
Fells 20 590 470 500 5B 390 570 430 ERW LH 4 AR 440 A0 A0
Fel 470 10 &0 EE A% 4B X 4E A LR 410 LW 4L 5B 5ED

Fe4 F%1 F32 Fo3

Hall &S |- I IS | S IS S |- I SRS SRS & SN {1 SRS ¥ SRS T S - S L
Hgd LI OATY 45 06 LI 40 17 I 18 LB L9 2% LS LB
G &8 7.8 85 B3 5E 4B L5 ST A6 A LW 4T SW BT L2
Ml 270 290 L0 1L 270 300 L0 L& LE W AN LW L% L0 L0
Kol L9 .M i B LT OLH . LA LEOLE LT LU LB LB Y
Hall LI %0 L& L& L L 8 .7 B0 %0 8 U B L L
{0 LEOA4 1 10 W LB 48 B B % L0 LI L1 4% LW
Falls ST RS ¥ AR TR | B :2 S ¥ RS - RS - S« S S | Y S

§ B0 00 W00 00 L0 80 03 00 B0 80 00 .60 T 8 LD

Total 100,90 10070 9%.60 98.B0 100.50 10070 100.40 100.060 9920 10030 .70 10090 100,10 100.30 9.5

Hb 14 7 7 i 13 14 12 14 i8 i3 i3 17 i 13
] 73 1% 0 i & 32 5 4 32 45 b 4 4 43 7
& W 18 B M M X oI ¥ oom Moo3®m O Om A3
¥ 23 i 3 2 2 3 4 e 7 % i M i 3% 3
Ir W 18 5 2 2 151 #0197 1E 195 Zs 187 ¥ 8
o Vix 3 32 32 2 2 A 15 2 19 14 s 3 43 3

& 17 2 19 il i 12 3 i I 11 ] o - 12 15 14
H 13 K % 2 4 9 A & b § 0 i § 7 i
¥ 7 My ¥ D T VRS . | B D 1 D Kt S vt S &) B Vi B § T4 N - 1




Table 7 {cont'db: Beochemistry of Misel Broup volcanic rocks, Wekusho Lake, Manitoha

Urit F - andesite and basalt flows and breccia
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Table 2 {ront'dd: Beochemisiry of Missi Broup voloamic rocks, Yehesko Lake, Manitoba

init B - welded tuff
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Table Z {ront'd): Geochemistry of Missi Broup volcamic rocks, Webusko Lake, Hanitoha

Unit H - basalt {lows and breccia
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Table 7 {ront’d): beochemistry of Missi Group volcanic rocks, Wekusko Lake, Manitoha

Uit H - basalt {lows and brecoia
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Table 2 {cont'd}: Beochemistry of Wizel Browp volcanic rocks, Mehusko Lake, Hanitoha

Unit I - quartz eye granite
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Table 3: Accuracy of analyses - Geological Survey of Canada Analytical Chemistry Section 2171071983

Element Calibration Total mavimus error Deterpination  Siandard
range % absolute + relative % limit deviation
G 0 - 160 0,40 1 0. 40 0.53
Til, 0-3 4,02 1 0.02 0,02
&l.0s 0 - & 0,40 1 0.40 9,40
Feqlls 4 -9 0. 10 1 0,10 0,10
Fel 4 - 30 4,03 0.03
Hnl G- 0.0 2 0.01 .61
Hglt -5 0.18 i 0.1 0.14
Calt 4 - 35 .10 1 0,10 0,13
Hazll 0 - 18 0.50 0,50 0.50
K20 0~ 15 0,05 i .05 0,14
Hal 4-5 .05 8,05
L2 6 - 20 .02 3 0,02
Falls 8- 0,07 1 0,02 0,02
5 0-3 0.02 5 .02

Mo, Rb, Br, ¥, and Ir are accurate to +/~ 10 ppa, +/- 10 %
Lo, Or, Wi, and V are accurate to +/- 15°%

Table 4: Detection limits {ppm) - Weutron Activation Services Limited [8/03/1985

i 4 fs L0 H 0.2 s 0,01
h 0.2 gk 0.1 Ta 0.3 Eu  0.03
o 6.0 s 4.2 ¥ Lé 0.l

o 0.1 Bz 20.0 e L0 Y8 0.03
in 5.0 Le 0. Hd 3.6 tu 6.0
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Table 5 Trace element geochesistry of Missi Broup volcanic rocks, Wehusks Lake, Hanitoba
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