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Cedar Lake Gneiss an Archean deposit. In another study 

northwest of the city of North Bay, about 22 Km south of the 

GF near Hagar, a tonalite gneiss has a zircon age of 2737 Ma 

(Krogh, 1989) . 

The Red Cedar Lake gneiss has not been previously 

recognized south of the Grenville Front Tectonic Zone (GFTZ), 

however, this work, and the work by Dickin et al. (1989) for 

the North Bay-Temiscaming area, suggests that the homogeneous 

2.72 Ga belt of model ages between the GFTZ and the suture may 

be part of, or, derived from a parautocthonous Archean segment 

e xtending into the Grenville Province perhaps as far south as 

the suture boundary. Further work is needed to distinguish 

between Archean terrane. that is 'in situ•, that is, deposited 

or emplaced ca 2. 70 Ga, from terrane derived thereof but 

deposited later during Proterozoic time. Some of this 

material may have been uplifted and redeposited in the 

Penokean as a result of collision with the island arc (Fig. 

6.5). An easy check on this hypothesis would be to analyze 

Archean crust close to the suture for 1. 90 Ga zircons, 

particularly intermediate aged crust with model ages between 

2 . 40 and 2.60 Ga. Summarizing, in the North Bay-Temi scaming 

area Archean provenance crust between the suture and the GFTZ 

may be part of an in situ segment of the Archean craton 

represented in part by the Pontiac Group and Red Cedar Lake 

gneiss and deposited in late Archean time. 

Zircon studies of the Archean intermediate-aged c rust 
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are needed to define crustal endmembers and constrain mixing 

models, e.g., for the 2.40-2.60 Ga gneisses sampled along the 

suture near the city North Bay (Fig. 5.3) a lack of zircons 

with U-Pb or Pb-Pb ages of ca 1. 90 Ga would suggest that 

sedimentological mixing between 2.70 and 1.90 Ga provenance 

material is not a viable mixing model to account for these 

intermediate model ages. Hence some other mechanism would be 

needed to account for their intermediate ages. 

6 . 2.3 The suture Zone and 2.00-2.39 Ga Mixed Provenance Ages: 

In the Temiscaming area, as noted earlier, the suture is 

marked along its length by the presence of a band of 

muscovite-quartzofeldspathic gneiss (white in Fig.5.2) 

intercalated with biotite-amphibole gneiss (gray in Fig. 5.2). 

The muscovite-quartzofeldspathic gneiss has a range of model 

age from 1.90-2.34 Ga, suggesting that some of these 

metasediments are of mixed provenance. A mixed provenance 

hypothesis involving 1. 90 and 2. 70 Ga material is more 

certain than for the 2.40-2.60 Ga group because (1) 

geochronometers show an absence of mantle-derived material 

with ages between 2.00 and 2.39 Ga (2) Muscovite­

quartzofeldspathic gneiss (1.90-2.34 Ga) is interlayered with 

gray biotite(hornblende) gneiss (<1.98 Ga) suggesting basinal 

sedimentation from at least two distinct sources and, (3) the 

2.00-2.39 Ga age group is far nore voluminous, requiring a 

formational mechanism of some significance. 
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Therefore, it is proposed that a genetic link exists 

between tectonic processes operative in suturing the 

Proterozoic island arc to the Archean foreland and the mixed 

provenance metasediments with model ages between 2.00-2.39 

Ga. 

6.3.0 The Mixing Model: 

It is proposed that the 2.00-2.39 Ga group of 

intermediate ages represents 

between ca 2. 70 and ca 1. 90 

sediments formed by mixing 

Ga provenance material in a 

foreland basin formed in response to suturing of the island 

arc to the Archean foreland (Fig. 6. 4) . The island arc, 

rafted in over south-dipping subduction, overrode the edge of 

the Superior craton which was itself depressed in response to 

a failed subduction. Depressing the cratonal edge created a 

foreland basin which was fed by both Archean and Proterozoic 

source sediments. Mixing between arc sediments and sediments 

derived in some manner from the Archean foreland are 

responsible for the 2.00-2.39 Ga group and perhaps as well for 

the 2.40-2.60 group of intermediate aged metasediments. 

Based on the evidence in hand, details concerning the 

collision and subsequent formation of the foreland basin are 

conjectural; the important result is that mixed provenance 

model ages comprising the suture zone require a basin more or 

less coincident with the edge of the ancient craton to 

accumulate sediments of mixed provenance. That the suture 
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zone is largely composed of metasediments with a miogeoclinal 

affinity is coherent with the foreland basin model. Sea level 

changes in the foreland basin, particularly surrounding 

formation and destruction of the basin, can account for the 

maturity of the muscovite-quartzofeldspathic metasediments. 

Th ese mature sediments display a range of model age from 1.90 

Ga to 2.34 Ga, suggesting that input to the basin from an 

Archean source was variable. Lenses of intercalated gray 

biotit~(hornblende) gneiss with model ages <2. 00 Ga may 

represent a deeper water (eugeoclinal) facies and suggest that 

a link existed between Ar chean input to the basin and basinal 

tectonics. The miogeoclinal persuasion of the 2.40-2.60 Ga 

feldspathic gneiss exposed along the suture, particularly as 

represented in the North Bay area supports their inclusion as 

deposits in the foreland setting. 

The major element data support a dynamic depos i tionary 

environment in the foreland basin. Figure 6.5 shows two plots 

relating model age of the sample to (1) wt.% Si02 and (2) the 

ratio of Al203jsio2 , both similar representations of the degree 

o f reworking. The clumping of data distributed along the 

o r dinate is an artifact of grouping the data according to 

model age. A wide range in the distribution of data along the 

abscissa is suggestive of a large variation in the degree of 

reworking, particulary where the data is skewed towards high 

wt .% sio2 or low ratios of Al 2o3;sio2 • The Archean data in 

both plots are abruptly truncated at an Al 20 3/Si02 ratio of 
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Fig. 6.4 Cartoon displaying collision of a 1.90 Ga old island 

arc with the edge of the Superior craton: (A) shows the 

edge of the Superior craton with schematic representation 

of the Pontiac Group; understood to include the Red Cedar 

Lake gneiss and the rest of the belt of Archean crust 

with model ages of ca 2.72 Ga exposed north of the suture 

in the North Bay-Temiscaming area (B) shows the island 

arc being rafted in towards the Archean craton over south 

dipping subduction and tectonizing the Archean foreland 

(C) shows development of the foreland basin, failed 

subduction of the cratonal margin and deposition of mixed 

provenance sediments (D) collision is terminated: the 

suture is characterized by a zone of mixed provenance 

crust. 
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Fig. 6.5 T0M model age is plotted against both the wt.% Si02 

and the ratio of Al 2o3;sio2 to discriminate between 

degrees of sedimentary reworking. Archean aged 

metasediments are truncated abruptly at an Al2o3;sio2 

ratio of 0.2 and a wt . % Si02 of about 72. This is 

evidence that the Archean sediments were deposited within 

a uniform sedimentary regime. Contrasted with the 

Archean metasediments, the Proterozoic aged metasediments 

show a wide range in their degree of reworking. This is 

consistent with deposition of Proterozoic and 

intermediate aged metasediments in the more dynamic 

foreland basin environment (Symbols as in Fig. 6.3). 
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about 0.21 and a wt. % Si02 of about 72%. This suggests that 

the Archean metasediments were eroded and deposited under a 

uniform sedimentary regime. Note that the 2. 40-2.60 Ga 

(diamonds) group of gneisses appears to follow the older 

Archean (circles) gneisses with respect to their degree of 

reworking. If this group represents a foreland basin 

assemblage it consists mostly of Archean provenance sediments 

with a measure or two Proterozoic derived material to support 

.the lower model age. With respect to the geometry of the 

foreland basin such sediments might characterize deposits 

closer to the northern shore of the basin andjor represent 

pockets within the basin of Archean source dominated 

sedimentation. Contrasting the Archean or near .Archean 

metasediments, metasediments with Proterozoic and mixed 

provenance ages show a wi de range in their degree of reworking 

which is consistent with deposition in a relatively shallow 

water foreland basin. 

6.4.0 Conclusions 

Nd model age mapping in the North Bay area of Ontario 

supports the proposal by Dickin & McNutt (1989) that the model 

age transition represent a collisional suture formed by the 

termination of south-dipping subduction 1.90 Ga as a Penokean 

aged island arc was accreted to the Archean foreland. This 

model is in agreement with tectonic models proposed for the 

Penokean Foldbelt (Cambray, 1978; Sims, 1983; Schulz,1987b; 
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Hoffman,1988) in Wisconsin and Northern Michigan and also in 

agreement with the allocthonous terrane invoked by Zolnai et 

al. ( 1984) to account for folding of the Huronian further 

west. The Penokean Orogeny and its equivalents in Europe 

constitute a global event and the first major vehicle for new 

crustal additions to the Laurentian margin ca 1.90 Ga. Much 

of this new material seems to have been accreted in the form 

of island arcs. 

The suture is very well defined in the North Bay area 

and south of the town of Temiscaming. There is no place 

within the study area where it is not possible to draw a line, 

clearly separating Proterozoic from Archean Provenance crust. 

In the North Bay-Temiscaming area the full model age 

transition from ca 1.90 Ga to ca 2.70 Ga is negotiated in 

stepwise fashion through crust of intermediate model age which 

constitutes the 'suture zone'. In the North Bay-Temiscaming 

area the suture zone consists of two packages of intermediate 

aged crust separated along strike of the suture; the 2.40-2.60 

Ga group in the North Bay area and the 2.00-2.39 Ga group in 

the Temiscaming area. Until zircon studies are performed, the 

relationship between groups of lithologically distinct 

intermediate aged metasediments remains equivocal, therfore, 

it is deemed better that the groups are maintained as a basis 

for further study. However, it is suggested that the overal l 

character of the suture zone is that of a more or less 

continuous band of intermediate aged crust with a miogeoclina l 
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affinity spanning the entire range of model ages between 1 .90 

and 2.70 Ga. In principle the foreland basin mixing model i s 

perfectly compatible with such an hypothesis. 

That the model age transition is correlated with 

metasediments whose model age signature can be easily 

understood in terms of mi x ing between 2.70 and 1.90 Ga crust 

constitutes strong evidence for a suture as an explanation of 

the model age transition. If the model age transition 

remains correlated with t h e 2.00-2.39 Ga band of muscov ite­

quartzofeldspathic gne i ss further east into Quebec, 

interpretation of the suture as a major Grenville imbrication 

seems still more unlikely . Although this work supports the 

contention that the suture is not a Grenville thrust 

structure, this does not preclude Grenville tectonism shaping 

its present exposure or of effecting significant offsets along 

its length. In fact truncation of the suture and displacement 

to the north would go a l ong way in support of the 'suture 

hypothesis' particularly if the 2.00-2.39 Ga band of mixed 

provenance metasediments is present and also displaced by the 

same amount. 

To the north of the field area a parautocthonous segment 

of Archean crust extends into the Grenville Province, anchored 

by the in situ Pontiac Group on the northern margin of the 

Grenville Front and cons i sting in part of the Red Cedar Lake 

gneiss south of the Grenville Front. In the North Bay­

Temiscaming area t he ca 2 . 7 2 Ga model age homogene ity of 
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Ar chean gneisses north of the suture and south of the 

Gr enville Front Tectonic Zone suggest that this belt of 

Ar chean crust may be part of, or, derived from the 

p a rautocthonous segment. If this is true, it should be 

p ossible to map within the Grenvi l le Province the boundary of 

t h is parautocthonous segment by Nd isotopic mapping. 

Finally, a systematic age study of zircon populations 

within the mixed provenance metasediments is the cruc i al test 

o f the proposed mixing model and suture hypothesis. 
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APPENDIX 

MAJOR AND SELECTED TRACE ELEMENTS 

CHO CH7 CH11 CH19 CH22 CH26 CH44 NB6 
------ ------ ------ ------ ------ ------ ------ ------

SI02 75.58 72.54 72.14 68.75 61.90 65.07 72.92 66.31 
TI02 0.29 0.16 0.21 0.45 0.58 0.45 0.17 0.62 
AL203 11.40 15.20 1 5.05 14.17 17.93 16.00 16.14 15.71 
FE203 3.22 1. 46 1. 68 5.37 5.38 6.74 1. 4 7 6.04 
FEO nd nd nd nd nd nd nd nd 
MNO 0.02 0.01 0.01 0.09 0.08 0.05 0.02 0.10 
MGO 0.09 0.29 0.65 0.10 1. 86 2.04 0.36 0.22 
CAO 0.68 1. 07 1. 20 1. 42 3.97 4.01 2.64 1. 95 
NA20 3.24 3.19 3.29 3.87 4.79 4.02 4.81 3.62 
K20 5. 35 5.55 5.46 5.51 2.75 1.14 1. 03 5.17 
H20+ 0.12 0.47 0.23 0.26 0.48 0.34 0.37 0.18 
H20- nd nd nd nd nd nd nd nd 
P205 0.01 0.06 . 0. 08 0.01 0.28 0.14 0.07 0.08 
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Rb 102.10 154 144 65.40 66.20 39.30 23.50 74.10 
Sr 15.40 221 552 50.80 728 275 624 154 
y 56.30 13.10 9.90 42.40 12.60 9.60 1. 20 32.30 
Zr 526 193 258 640 217 158 214 593 
Nb 39.40 14.60 14.90 36.80 14.20 14.20 12.60 26.90 
AL/ SI .15083 .20954 .20862 .20611 .28966 .24589 .22134 .23692 

NB11 NB12 NB14 NB15 NB17 NB20 NB22 NB26 
------ ------ ------ ------ ------ ------ ------ ------

SI02 69.79 69.53 69.00 70.47 69.86 68.06 72.17 75.73 
TI02 0.24 0.49 0.46 0.20 0.38 0.46 0.36 0.20 
AL203 16.48 13.75 16.64 16.77 15.38 14.69 13.53 11.99 
FE203 2.41 5.43 2.79 2.17 4.77 4.88 4.18 2.70 
FEO nd nd nd nd nd nd nd nd 
MNO 0.01 0.08 0.07 0.01 0.01 0.09 0.06 0.01 
MGO 0.83 0.36 0.71 0.79 0.61 0.29 0.01 0.03 
CAO 1. 93 1. 35 1. 82 2.49 2.55 1. 46 0.96 0.45 
NA20 3.86 3.67 4.24 5.29 4.58 3.98 3.39 3.51 
K20 3.81 5.10 3.90 1. 42 1. 52 5.13 5.12 5.06 
H20+ 0.49 0.19 0.26 0.31 0.21 0.91 0.21 0.31 
H20- nd nd nd nd nd nd nd nd 
P205 0.15 0.05 0.11 0.08 0.13 0.05 0.01 0.01 
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Rb 101.90 111 85.20 36.30 31.30 76.00 113 173 
Sr 498 53.40 356 571 451 121 25.10 15.60 
y 5.70 56.30 17.40 .50000 21.20 36.90 59.40 49.60 
Zr 225 561 262 210 526 511 517 463 
Nb 13.70 35.70 15.60 10.40 15.20 30.60 38.60 34.80 
AL/SI .23614 .19776 .24116 .23797 .22015 .21584 .18747 .15833 
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CH29 CH28 NB19 CH41 CH4 CH17 CH15 CH3 
------ ------ ------ ------ ------ ------ ------ ------

SI02 71.88 68.54 74.56 70.43 71.19 61.97 70.32 72.80 
TI02 0.37 0.64 0.21 0.47 0.42 0.72 0.44 0.15 
AL203 15.39 14.31 13.46 14.19 13.47 16.56 13.36 16.22 
FE203 2.06 5.72 2.22 4.60 4.38 6.10 5.13 1. 45 
FEO nd nd nd nd nd nd nd nd 
MNO 0.01 0.10 0.02 0.07 0.08 0.07 0.07 0.01 
MGO 0.11 0.31 0.08 0.13 0.15 1. 82 0.02 0.40 
CAO 1.12 2.21 0.67 1. 41 1. 09 4.10 1. 41 1. 66 
NA20 3.60 2.90 3.45 3.18 3.42 3.95 3.44 4.40 
K20 5.13 4.44 5.22 5.38 5.15 2.92 5.20 2.55 
H20+ 0.30 0.70 0.10 0.10 0.60 1. 40 0.60 0.30 
H20- nd nd nd nd nd nd nd nd 
P205 0.03 0.13 0.01 0.04 0.05 0.39 0.01 0.06 
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Rb 99.70 70.00 96.10 89.50 107.90 79.10 120 92.70 
Sr 160 173 53.40 144 83.80 504 58.10 309 
y 14.00 42.10 22.70 38.00 13.60 16.40 48.70 3.10 
Zr 238 479 222 507 113 214 583 141 
Nb 14.40 27.30 23.90 27.70 16.00 14.60 36.70 11.90 
AL/SI .21411 .20878 .18053 .20148 .18921 .26723 .18999 .22280 

CH14 CH51 CH46 CH10 NB38 MR23.3 MR35.2 MR56.6 
------ ------ ------ ------ ------ ------ ------ ------

SI02 69.96 74.98 73.82 79.82 78.88 72.06 70.37 71.07 
TI02 0.40 0.25 0.31 0.17 0.16 0.15 0.27 0.21 
AL203 14.65 12.79 12.78 11.69 11.46 15.82 16.01 15.83 
FE203 4.63 2.91 3.73 1. 27 1. 95 1. 72 2.73 1. 97 
FEO nd nd nd nd nd nd nd nd 
MNO 0.07 0.01 0.02 0.01 0.01 nd 0.06 0.21 
MGO 0.12 0.11 0.08 0.09 0.17 0.63 0.78 0.51 
CAO 1. 36 0.20 0.68 0.32 0.97 2.32 2.60 2.28 
NA20 3.55 3.33 3.37 2.09 1. 86 3.89 5.03 5.25 
K20 5.11 4.71 5.01 4.12 3.78 2.97 1. 70 1. 69 
H20+ 0.10 0.70 0.20 0.40 0.70 0.35 0.33 1. 08 
H20- nd nd nd nd nd nd nd nd 
P205 0.05 0.01 nd 0.02 0.06 0.08 0.12 0.07 
TOTAL 100.00 100.00 100.00 100.00 100.00 99.99 100.00 100.17 

Rb 142 129 112 116 96.10 88.30 45.70 42.10 
Sr 124 11.90 15.00 131 226 3054 610 534 
y 64.40 47.30 52.90 18.70 15.10 5.80 9.80 2.00 
Zr 470 526 548 179 138 3.00 97.60 91.00 
Nb 43 . 00 38.10 33.30 17.00 17.90 9.20 11.30 7.50 
AL/ SI .20941 .17058 .17312 .14645 .14528 .21954 .22751 .22274 
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NB32 NB33 NB36 NB37 NB40 NB43 NB45A NB13a 
------ ------ ------ ------ ------ ------ ------ ------

SI02 69.12 71.40 86.24 68.28 89.50 60.70 76.19 74.23 
TI02 0.63 0.43 0.11 0.57 0.10 0.63 0.33 0.23 
AL203 14.13 15.85 7.37 15.95 6.24 18.33 13.11 12.96 
FE203 4.86 2.76 1. 34 4.28 0.71 5.93 2.06 3.39 
FEO nd nd nd nd nd nd nd nd 
MNO 0.06 0.05 0.06 0.06 0.01 0.10 0.01 0.03 
MGO 0.61 0.30 0.22 1.19 0.35 1. 42 0.52 0.02 
CAO 1. 95 0.62 1. 53 2.58 0.02 2.74 0.98 0.73 
NA20 3.00 1. 98 1. 89 3.95 0.26 4.99 2.17 3.27 
K20 4.80 5.56 0.51 2.23 1. 93 4.22 3.48 4.94 
H20+ 0.69 1. 01 0.69 0.70 0.87 0.81 1.10 0.20 
H20- nd nd nd nd nd nd nd nd 
P205 0.15 0.04 0.04 0.21 0.01 0.13 0.05 nd 
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Rb 137 140 3.70 53.40 59.70 119 73.70 86.30 
Sr 188 149 114 590 19.40 217 273 52.60 
y 36.70 17.20 14.80 18.40 7.20 30.30 17.10 60.10 
Zr 300 251 209 261 219 229 239 506 
Nb 26.50 17.30 15.40 17.40 13.80 17.20 17.30 39.00 
AL/SI .20443 .22199 .08546 .23360 .06972 .30198 .17207 .17459 

CH2 CH1 MR71. 2MR155. NB13b NBO NB9 NB29 
------ ------ ------ ------ ------ ------ ------ ------

SI02 75.37 64.78 70.37 62.41 72.28 72.74 61.94 72.04 
TI 02 0.35 0.54 0.51 0.71 0.15 0.20 1. 04 0.33 
AL20 3 14.13 16.76 14.34 17.15 16.46 15.97 16.31 15.26 
FE20 3 1. 82 4.78 3.22 5.44 2.01 2.02 6.28 2.50 
FEO nd nd nd nd nd nd nd nd 
MNO 0.01 0.09 0.04 0.12 0.02 0.01 0.06 0.06 
MGO 0.32 1. 76 1. 06 1. 81 0.56 0.39 1. 99 0.66 
CAO 0.78 3.38 1. 39 4.30 2.37 2.53 2.99 1. 69 
NA20 3.77 3.47 2.50 3.93 4.39 3.98 3.53 3.49 
K20 3.11 3.75 5.38 3.39 1. 39 1. 89 4.62 3.45 
H20+ 0.30 0.50 1.11 0.49 0.30 0.20 0.80 0.47 
H2 0 - nd nd nd nd nd nd nd nd 
P205 0.04 . 0.19 0.06 0.25 0.07 0.07 0.44 0.05 
TOTAL 100.00 100.00 99.98 100.00 100.00 100.00 100.00 100.00 

Rb 96.10 121 147 85.70 35.80 64.50 93.60 85.20 
Sr 159 419 223 518 551 345 578 309 
y 37.10 28.50 58.60 31.70 3.00 6.80 2 6 .40 26.80 
Zr 309 175 337 341 139 138 567 306 
Nb 23.30 19.40 15.30 9.40 12.60 14.80 22.60 22.30 
AL/ SI .18748 .25872 .20378 .27480 .22773 .21955 .2633 2 .21183 
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NB28 NB8 
------ ------

SI02 82.06 64.21 
TI 02 0.32 0.71 
AL203 9.35 15.21 
FE203 2.30 7.57 
FEO nd nd 
MNO 0.05 0.16 
MGO 0.64 0.40 
CAO 1. 00 2.30 
NA20 1. 83 3.95 
K20 1. 94 5.06 
H20+ 0.48 0. 31 
H20- nd nd 
P205 0.03 0.12 
TOTAL 100.00100.00 

Rb 50.00 133 
Sr 172 168 
y 14.70 74.20 
Zr 249 627 
Nb 17.10 49.10 
AL/SI .11394.23688 




